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IMPORTANCE US health care spending has continued to increase, and now accounts for more

than 17% of the US economy. Despite the size and growth of this spending, little is known

about how spending on each condition varies by age and across time.

OBJECTIVE To systematically and comprehensively estimate US spending on personal health

care and public health, according to condition, age and sex group, and type of care.

DESIGN AND SETTING Government budgets, insurance claims, facility surveys, household

surveys, and official US records from 1996 through 2013 were collected and combined. In

total, 183 sources of data were used to estimate spending for 155 conditions (including

cancer, which was disaggregated into 29 conditions). For each record, spending was

extracted, along with the age and sex of the patient, and the type of care. Spending was

adjusted to reflect the health condition treated, rather than the primary diagnosis.

EXPOSURES Encounter with US health care system.

MAIN OUTCOMES ANDMEASURES National spending estimates stratified by condition, age

and sex group, and type of care.

RESULTS From 1996 through 2013, $30.1 trillion of personal health care spending was

disaggregated by 155 conditions, age and sex group, and type of care. Among these 155

conditions, diabetes had the highest health care spending in 2013, with an estimated

$101.4 billion (uncertainty interval [UI], $96.7 billion-$106.5 billion) in spending,

including 57.6% (UI, 53.8%-62.1%) spent on pharmaceuticals and 23.5% (UI, 21.7%-25.7%)

spent on ambulatory care. Ischemic heart disease accounted for the second-highest

amount of health care spending in 2013, with estimated spending of $88.1 billion

(UI, $82.7 billion-$92.9 billion), and low back and neck pain accounted for the third-highest

amount, with estimated health care spending of $87.6 billion (UI, $67.5 billion-$94.1 billion).

The conditions with the highest spending levels varied by age, sex, type of care, and year.

Personal health care spending increased for 143 of the 155 conditions from 1996 through

2013. Spending on low back and neck pain and on diabetes increased themost over the 18

years, by an estimated $57.2 billion (UI, $47.4 billion-$64.4 billion) and $64.4 billion

(UI, $57.8 billion-$70.7 billion), respectively. From 1996 through 2013, spending

on emergency care and retail pharmaceuticals increased at the fastest rates (6.4%

[UI, 6.4%-6.4%] and 5.6% [UI, 5.6%-5.6%] annual growth rate, respectively), which

were higher than annual rates for spending on inpatient care (2.8% [UI, 2.8%–2.8%] and

nursing facility care (2.5% [UI, 2.5%-2.5%]).

CONCLUSIONS AND RELEVANCE Modeled estimates of US spending on personal health care

and public health showed substantial increases from 1996 through 2013; with spending on

diabetes, ischemic heart disease, and low back and neck pain accounting for the highest

amounts of spending by disease category. The rate of change in annual spending varied

considerably among different conditions and types of care. This informationmay have

implications for efforts to control US health care spending.
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H
ealth care spending in theUnitedStates is greater than

in any other country in the world.1 According to offi-

cial US estimates, spending on health care reached

$2.9 trillion in 2014, amounting to more than 17% of the US

economyandmore than$9110perperson.2Between2013 and

2014 alone, spending on health care increased 5.3%.2

Despite the resources spent on health care, much re-

mains unknown about howmuch is spent for each condition,

or how spending on these conditions differs across ages and

time.Understandinghowhealth care spendingvaries canhelp

health system researchers and policy makers identify which

conditions, age and sex groups, and types of care are driving

spending increases. Inparticular, this information canbeused

to identify where new technologies and processes may yield

a potential return on investment.

Theobjectiveof this studywas to systematically andcom-

prehensivelyestimateUSspendingonpersonalhealthcareand

public health, according to condition (ie, diseaseorhealth cat-

egory), age and sex group, and type of care.

Methods

Conceptual Framework

This project received review and approval from the Univer-

sityofWashington institutional reviewboard,andbecausedata

wasused fromadeidentifieddatabase, informed consentwas

waived.The strategyof this researchwas tousenationally rep-

resentative data containing information about patient inter-

actions with the health care system to estimate spending by

condition,ageandsexgroup,andtypeofhealthcare.Datawere

scaled to reflect the official US government estimate of per-

sonal health care spending for each type of care for each year

of the study. These official estimates, reported in theNational

HealthExpenditureAccounts (NHEA),disaggregate totalhealth

spending into personal health spending, government public

health activities, investment, and 2 administrative cost cat-

egories associatedwithpublic health insurance such asMedi-

care and Medicaid. Personal health spending, which com-

posed 89.5% of total health spending in 2013, was the focus

of this studyandwasdefined in theNHEAas“the total amount

spent to treat individuals with specific medical conditions.”3

In addition to estimating personal health care spending, this

study also made preliminary estimates disaggregating feder-

ally funded public health spending.

TheNHEAdivided totalpersonalhealthcare spending into

10 mutually exclusive types of care, which included hospital

care, physician and clinical services, nursing facility care, and

prescribed retail pharmaceutical spending, among others.

These typesof carearenot routinelyascribed to specifichealth

conditions.2To better align theNHEApersonal health spend-

ing accounts with health system encounter data, spending

fractions from the Medical Expenditure Panel Survey4 and

methods described by Roehrig5 were used to group these 10

categories into 6 types of personal health care: inpatient care,

ambulatory care, emergency department care, nursing facil-

ity care, and dental care, along with spending on prescribed

retail pharmaceuticals. Ambulatory care includedhealth care

in urgent care facilities, and prescribed retail pharmaceuti-

cals only includedprescribedmedicine thatwaspurchased in

a retail setting, rather than that provided during an inpatient

or ambulatory care visit. Spending on physicians was in-

cluded in inpatient, ambulatory, emergencydepartment care,

and nursing facility care, depending on the type of care pro-

vided.Together,healthcare spending incurred in these6 types

of care constituted between 84.0% and 85.2% of annual per-

sonal health care spending from 1996 through 2013.2 Across

all 18 years of this study, personal health care spending

that fell outside of the 6 types of care tracked was on over-

the-counter pharmaceuticals (6.6%), nondurable and du-

rable medical devices (5.1%), and home health (3.6%). A

detailedSupplementprovidesadditional informationaboutall

the methods used for this analysis.

Spending on the 6 types of personal health care was then

disaggregated across 155 mutually exclusive and collectively

exhaustiveconditionsand38ageandsexgroups.Eachsexwas

divided into 19 5-year age groups, with the exception of the

group aged 0 to 4 years, which was split into 2 categories

(<1 year and 1-4 years) for more granular analysis. Of the 155

conditions, 140 were based on the disease categories used in

the Global Burden of Disease (GBD) 2013 study.6 The remain-

ing 15 conditionswere associatedwith substantial health care

spending but were not underlying conditions of health bur-

den, and were thus excluded from the GBD or included as a

part of other underlying conditions. Examples of these addi-

tional categories includewell visits, routinedental visits, preg-

nancyandpostpartumcare, septicemia, renal failure,andtreat-

ment of 4 major risk factors—hypertension, hyperlipidemia,

obesity, and tobaccouse. For these 4 risk factors, spending on

the treatment of the risk factor was reported separately,

whereas spending on the treatment of diseases the risk factor

may have causedwere allocated to the actual disease. For ex-

ample, spending on statins for hyperlipidemia was consid-

ered spendingon the treatment of each risk factor, and spend-

ing on treatment of ischemic heart disease (IHD) reported

spending for the treatment of the disease. Spending on these

4 risk factors was reported separately because of the large

amount of spending associatedwith these risk factors and the

ability to estimate this spending in the underlying health sys-

tem encounter data. Spending on treatment of other risk fac-

tors, such as dietary risks or high fasting glucose, was allo-

cated to the conditions resulting from these risks. All 155

conditions of health care spending and themajor spending in

each category is shown in eTables 8.1, 9.1, and 10.1 of the

Supplement. More information about the framework of this

study is included in section 1 of the Supplement.

Data

For the 6 types of personal health care tracked in this study,

encounter-level microdata were used to determine the

amount of resources spent on each condition and age and sex

group for each year. An encounter was defined as an interac-

tion with the medical system, such as an inpatient or nursing

care facility admission; an emergency department, dental,

or ambulatory care visit; or the purchase of a prescribed

pharmaceutical.7 Health care spending, patient age and sex,
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type of care, and patient diagnoses were extracted from

insurance claims, facility surveys, and household surveys. In

addition, sample weights were used to make the studies

nationally representative. Table 1 reports all microdata

sources used for this study. Together, these sources included

more than 163 million health system encounters.

TheMedicalExpenditurePanelSurveybegan in 1996.4The

MedicalExpenditurePanelSurveywasusedasan input into the

ambulatory,dental, emergencydepartment, andprescribed re-

tail pharmaceutical spendingestimates.Becauseof the impor-

tance of the Medical Expenditure Panel Survey to this analy-

sis, this study made annual estimates extending back to 1996

but not before. More information about the data sources used

for this study is included in section 2 of the Supplement.

Identifying the Condition of Health Care Spending

In thesemicrodata, households, physicians, or health system

administrators reported a primary diagnosis using Interna-

tional Classification of Diseases, Ninth Revision (ICD-9) cod-

ing. In the rare case that the primary diagnosis was not iden-

tified and more than 1 diagnosis was reported, the diagnosis

listed first was assumed the primary diagnosis unless an in-

jurydiagnosiswas included.With theexceptionof injuries oc-

curring within a medical facility, injury codes, such as “fall”

and “street or highway accident,” were prioritized over other

diagnoses. This was done because many data sources report

injuries separately from other diagnoses and it was unclear

which diagnosis was the primary.

ICD-9diagnosesweregroupedto form155conditionsusing

methodsdescribed in theGBDstudy.6 ICD-9diagnoses related

to the nature of an injury (rather than the condition) or diag-

noses providing imprecise information, such as “certain early

complications of trauma” and “care involving use of rehabili-

tationprocedures,”wereproportionally redistributed to 1of the

155 condition categories using methods developed for the

GBD.6,8 More information about how encounters were strati-

fied by condition is included in section 3 of the Supplement.

Estimating Spending

Spendingonencounterswith the sameprimarydiagnosis, age

and sex group, year, and type of health carewere aggregated.

Sampling weights were used to ensure that the estimates re-

mained nationally representative.

On average, comorbidities make health care more com-

plicated and more expensive.9-11 Attributing all of the re-

sources used in a health care encounter to the primary diag-

nosis biases the estimates.7 To account for the presence of

comorbidities, a previously developed regression-based

Table 1. Health System Encounter and Claims Data Sources Used to Disaggregate Spending by Condition,

Age and Sex Groups, and Type of Care

Microdata Source Years Observations Metrica
Mean Patient-Weighted
Metricb

Ambulatory Care

MEPS 1996-2013 2 680 505 Spending ($US billions) 302.68

Visits (thousands) 1 601 515.67

NAMCS/NHAMCS 1996-2011 955 958 Visits (thousands) 98 469.18

MarketScanc 2000, 2010, 2012 1 134 628 128 Treated prevalence NA

Inpatient Care

NIS 1996-2012 128 223 548 Spending ($US billions) 781.50

Bed days (thousands) 167 161.94

MarketScanc 2000, 2010, 2012 65 679 028 Treated prevalence NA

Emergency Department Care

MEPS 1996-2013 89 462 Spending ($US billions) 30.47

Visits (thousands) 45 457.97

NHAMCS 1996-2011 464 279 Visits (thousands) 82 089.07

MarketScanc 2000, 2010, 2012 77 566 041 Treated prevalence NA

Nursing Facility Care

Medicare Claims
Datad

1999-2001, 2002,
2004, 2006, 2008,
2010, 2012

25 449 729 Spending ($US billions) 30.44

Bed days (thousands) 68 451.04

NNHS 1997, 1999, 2004 23 428 Spending ($US billions) 50.50

Bed days (thousands) 403 564.31

MarketScanc 2000, 2010, 2012 7 735 120 Treated prevalence NA

MCBS 1999-2011 12 608 021

Dental Care

MEPS 1996-2013 488 922 Spending ($US billions) 69.46

Visits (thousands) 278 481.55

Prescribed Retail Pharmaceuticals

MEPS 1996-2013 4 908 359 Spending ($US billions) 189.37

Visits (thousands) 2 748 649.75

Abbreviations: MCBS, Medicare

Current Beneficiaries Survey;

MEPS, Medical Expenditure Panel

Survey; NA, not applicable;

NAMCS, National Ambulatory

Medical Care Survey;

NHAMCS, National Hospital

Ambulatory Medical Care

Survey; NIS, National Inpatient

Sample; NNHS, National Nursing

Home Survey.

aMetric indicates what each data

source was used to estimate

or model.

bMean patient-weightedmetric

is the average across time for the

measurement of eachmetric. This

measurement was adjusted to be

nationally representative using the

provided survey patient-weights.

c MarketScan was developed by

Truven Health Analytics.

dMedicare Claims Data refers to the

Limited Data Set from the Center for

Medicare &Medicaid Services.
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method was used to adjust health care spending. As a conse-

quence, conditions that are often accompanied by costly co-

morbiditiesdecreasedafter comorbidity adjustment,whereas

conditions often considered comorbidities increased after ad-

justment. Thus, the adjusted spending estimates reflect the

spending attributed to each condition, rather than the spend-

ing attributed to primary diagnoses. More information about

adjusting the spending estimates for the presence of comor-

bidities is included in section 5 of the Supplement.

The spending estimates for each type of care were scaled

to reflect theadjustedannualhealth care spending reportedby

theNHEA.This procedure is common, asno single data source

offers a census of spending in all health care settings.12,13 This

scaling procedure assumed that the spending captured in data

used for this studywas representative of spending in the total

population.Spendingwasadjustedfor inflationbeforeanymod-

eling, andall estimatesare reported in2015USdollars.More in-

formationaboutscalingtheseestimatestoreflect theNHEAtype

of care total is included in section 5 of the Supplement.

Addressing Data Nonrepresentativeness

Several data limitations made additional adjustments neces-

sary. First, health care charges, rather than spending,were re-

ported in the National Inpatient Sample, which was used to

measure inpatient care spending.14 Because actual spending

is generally a fraction of the charge, charge data were ad-

justed to reflect actual spending using a previously devel-

oped regression-based adjustment.15 This adjustment was

stratified by condition, primary payer, and year because the

average amount paid per $1 charged varied systematically

across these dimensions. This adjustment allowed high-

quality inpatient chargedata tobeusedand isdescribed in sec-

tion 5 of the Supplement.

Second, to address concerns related to small sample sizes

and undersampled rare conditions, a Bayesian hierarchical

model was applied. For all types of care except prescribed re-

tailpharmaceuticalsandemergencydepartmentcare,2or3data

sources were combined to generate spending estimates with

complete time and age trends, and to leverage the strength of

each data source. A large number of models were considered

for thisprocess.Thefinalmodelwasselectedbecauseof its flex-

ibility, responsiveness to patterns in the raw data, and ability

to combine disparate data to produce a single estimate. The

modelwasemployedindependentlyforeachcondition,sex,and

type of care combination.More information about thismodel-

ing is included in section 4 of the Supplement.

The third adjustment addressed the fact that ambulatory

and inpatient care data sources used for this study underes-

timatespendingatspecialtymentalhealthandsubstanceabuse

facilities.4,14Toaddress this problem, spendingon these types

of carewas split intoportions that reflectmentalhealth spend-

ing and substance abuse spending, and spending was scaled

toanappropriate total reportedby theUSSubstanceAbuseand

MentalHealth ServicesAdministration.16This adjustment en-

sured that the total spending onmental health and substance

abuse in these settingswas commensuratewithofficialUS rec-

ords. More information about this adjustment is included in

section 5 of the Supplement.

Fourth, nursing facility care data were adjusted to ac-

count for differences in short-term and long-term stays. US

Medicare reimbursesnursing facilities forupto100daysofcare

after a qualifying hospital event. To incorporate the best data

available, Medicare data were used to measure spending for

these short-termnursing facility stays, and 2 other sources of

nationally representative data were used to estimate spend-

ing for nursing facility stays longer than 100 days.17-19 Spend-

ing on short-term and long-term nursing facility stays were

added together and formed the total amount of spending in

nursing facility care. This adjustment ensured the best data

available were used to measure spending in nursing facili-

ties, andensured that disparate patterns of health care spend-

ing in short-termand long-termnursing facility carewere con-

sidered. More information about this adjustment is included

in section 5 of the Supplement.

Quantifying Uncertainty for Personal Health Care Spending

For all types of care, uncertainty intervals (UIs) were calcu-

lated by bootstrapping the underlying encounter-level data

1000 times. The entire estimation processwas completed for

eachbootstrapsample independently,and1000estimateswere

generated foreachcondition, ageandsexgroup,year, and type

of care. The estimates reported in this article are themean of

these 1000estimates.AUIwasconstructedusing the2.5thand

97.5thpercentiles.Bootstrappingmethodsassumethat theem-

pirical distribution of errors in the sample data approximates

thepopulation’sdistribution.Thismaynotbe true forourmost

disaggregated estimates. Furthermore, bootstrapping meth-

ods capture only some types of uncertainty anddonot reflect

the uncertainty associated with some modeling and process

decisions.Becauseof these limitations, the reportedUIsshould

notbe consideredprecise. Furthermore, theUIshavenotbeen

derived analytically or been calibrated to reflect a specific de-

greeof uncertainty. TheUIs are included to reflect relativeun-

certainty across the disparate set of measurements. More in-

formation about generating UIs for personal health spending

estimates is included in section 6 of the Supplement.

Estimating Federal Public Health Care Spending

Inaddition to the6 typesofpersonalhealth care spending, this

studyalsogeneratedpreliminaryestimatesdisaggregating fed-

erally fundedpublichealth spendingbycondition, ageandsex

group, andyear from1996 through2013. Encounter-level data

did not exist for public health spending. Instead, federal pub-

lic health programbudget datawere extracted from the 4 pri-

mary federal agencies providing public health funding: the

HealthResources andServicesAdministration, theCenters for

Disease Control and Prevention, the Substance Abuse and

Mental Health Services Administration, and the US Food and

Drug Administration. For each of these agencies, individual

programs were mapped to the associated conditions. Spend-

ing estimateswere extracted from audited appropriations re-

ports. A series of linear regressions was used to fill in pro-

gram spendingwhen not available. Population estimates and

program-specific informationwere used to disaggregate pro-

gram spending across age and sex groups. Because the NHEA

doesnot include resources transferred to state and local public
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health offices in its estimate of federal public health spend-

ing, disaggregated public health spending estimateswere not

scaled. More information about how public health spending

was estimated is included in section 7 of the Supplement. All

data manipulation and statistical analyses were completed

using Stata (StataCorp), version 13.1; R (R Foundation), ver-

sion3.3.1; Python (PythonSoftwareFoundation), version3.5.1;

and PyMC2,20 version 2.3.6.21,22

Results

Conditions Leading to theMost Personal Health Care

Spending in 2013

Among the aggregated condition categories (Table 2), cardio-

vascular disease, which includes IHD and cerebrovascular

disease but excludes spending on the treatment of hyperlip-

idemia and hypertension, was the largest category of spend-

ing, with an estimated $231.1 billion (UI, $218.5 billion-

$240.7 billion) spent in 2013. Of this spending, 57.3% (UI,

52.6%-60.9%) was in an inpatient setting, whereas 65.2%

(UI, 61.3%-68.2%) was for patients 65 years and older. Diabe-

tes, urogenital, blood, and endocrine diseases made up the

second-largest category with an estimated $224.5 billion (UI,

$216.4 billion-$233.5 billion), and the spending was spread

relatively evenly across ambulatory care, prescribed retail

pharmaceuticals, and inpatient care. Of the aggregated con-

ditions, spending on the risk factors (the treatment of hyper-

tension, hyperlipidemia, and obesity, and tobacco cessation)

and musculoskeletal disorders were estimated to increase

the fastest, with estimated rates of 6.6% (UI, 5.9%-7.3%) and

5.4% (UI, 4.7%-6.0%), respectively.

In 2013, among all 155 conditions, the 20 top conditions

accounted for an estimated 57.6% (UI, 56.9%-58.3%) of per-

sonal health care spending, which totaled $1.2 trillion

(Table 3). More resources were estimated to be spent on dia-

betes than any other condition, with an estimated $101.4 bil-

lion (UI, $96.7 billion-$106.5 billion) spent in 2013. Pre-

scribed retail pharmaceutical spending accounted for an

estimated 57.6% (UI, 53.8%-62.1%) of total diabetes health

care spending, whereas an estimated 87.1% (UI, 83.0%-

91.6%) of spending on diabetes was incurred by those 45

years and older. IHD was estimated to account for the

second-highest amount of health care spending, at $88.1 bil-

lion (UI, $82.7 billion-$92.9 billion). Most IHD spending

occurred in inpatient care settings (56.5% [UI, 51.7%-60.6%])

and was accounted for by those 65 years or older (61.2% [UI,

57.0%-64.8%]). Spending on IHD excludes spending on the

treatment of hypertension and hyperlipidemia, both of

which contribute to IHD and for which treatment often

requires substantial spending on prescribed retail pharma-

ceuticals. Spending on the treatment of these 2 risk factors in

2013 was estimated to be $83.9 billion (UI, $80.2 billion-

$88.8 billion) and $51.8 billion (UI, $48.9 billion-$54.6 bil-

lion), respectively. Low back and neck pain was estimated to

be the third-largest condition of health care spending, at

$87.6 billion (UI, $67.5 billion-$94.1 billion), with themajority

of this spending (60.5%[UI, 49.3%-63.8%]) in ambulatory care.T
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Becausecancerwasdisaggregatedinto29conditions,nonewere

among the top 20 conditions with the highest spending. Esti-

mates reported in this article can be interactively explored at

http://vizhub.healthdata.org/dex/ (Interactive).

Personal Health Care Spending by Condition, Age and Sex

Group, and Type of Care in 2013

Figure 1 illustrates health care spending by condition, age

group, and type of care. Spending among working-age adults

(ages 20-44 years and 45-64 years), which totaled an esti-

mated $1070.1 billion (UI, $1062.8 billion-$1077.3 billion) in

2013, was attributed to many conditions and types of care.

Among persons 65 years or older, an estimated $796.5 bil-

lion (UI, $788.9 billion-$802.7 billion) was spent in 2013,

21.7% (UI, 21.4%–21.9%) of which occurred in nursing facility

care. The smallest amount of health care spending was for

persons under age 20 years, and was estimated at $233.5 bil-

lion (UI, $226.9 billion-$239.8 billion), which accounted for

11.1% (UI, 10.8%-11.4%) of total personal health care spending

in 2013. Ambulatory and inpatient health care were the types

of care with the most spending in 2013, each accounting for

more than 33% of personal health care spending.

Personal Health Care Spending by Age and Sex

Figure 2 illustrates how health care spending was distributed

acrossageandsexgroupsandconditions in2013.PanelAshows

that ages with the greatest spending were between 50 and 74

years. After this age, spending gradually declined as the size of

the population began to decrease due to age-relatedmortality.

Spending is highest for women 85 years and older. Life expec-

tancy for older men is lower, resulting in less spending in the

85 years and older age group formen. Estimated spending dif-

fered themostbetweensexes at age 10 to 14years,whenmales

have health care spending associated with attention-deficit/

hyperactivitydisorder, andat age20 to44years,whenwomen

havespendingassociatedwithpregnancyandpostpartumcare,

familyplanning, andmaternal conditions.Together these con-

ditions were estimated to constitute 25.6% (UI, 24.3%-27.0%)

of all health care spending for women from age 20 through 44

years in2013.Excludingthisspending, femalesspent24.6%(UI,

21.9%-27.3%)more overall thanmales in 2013.

Panel B of Figure 2 shows that spending per person gen-

erally increases with age, with the exception of neonates and

infants younger than 1 year.Modeled per-person spending on

those younger than 1 year was greater than spending on any

other age group younger than 70 years. When aggregating

across all types of care, those 85 years or older spentmore per

persononhealth care than anyother age group, although this

pattern varied across the 6 types of personal health care and

was driven by spending in nursing facilities. In all other types

of care, spending per person decreased for the oldest age

groups,apatternthathasbeenobservedelsewhere.23Although

Figure 1. Personal Health Care Spending in the United States by Age Group, Aggregated Condition Category, and Type of Health Care, 2013

Billion US dollars
$250

$0

Communicable diseases

$164.9 billion

≥65 y

$796.5 billion

45-64 y

$627.9 billion

20-44 y

$442.3 billion

<20 y

$233.5 billion

Aggregated Condition CategoryAge Type of Health Care

Neoplasms

$115.4 billion

Cardiovascular diseases

$231.1 billion

Chronic respiratory diseases

$132.1 billion
Cirrhosis

$4.2 billion
Digestive diseases

$99.4 billion
Neurological disorders

$101.3 billion
Mental and substance use disorders

$187.8 billion

DUBE

$224.5 billion

Musculoskeletal disorders

$183.5 billion

Other noncommunicable diseases

$191.7 billion

Injuries

$168.0 billion

Well care

$155.5 billion

Treatment of risk factors

$140.8 billion

Ambulatory

$706.4 billion

Prescribed retail pharmaceuticals

$288.2 billion

Nursing care facilities

$194.2 billion

Dental

$112.4 billion

Emergency

$101.9 billion

Inpatient

$697.0 billion

DUBE indicates diabetes, urogenital, blood, and endocrine diseases. Reported

in 2015 US dollars. Each of the 3 columns sums to the $2.1 trillion of 2013

spending disaggregated in this study. The length of each bar reflects the

relative share of the $2.1 trillion attributed to that age group, condition

category, or type of care. Communicable diseases included nutrition and

maternal disorders. Table 3 lists the aggregated condition category in which

each condition was classified.

Research Original Investigation Spending on US Health Care, 1996-2013

2638 JAMA December 27, 2016 Volume 316, Number 24 (Reprinted) jama.com

Copyright 2016 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 08/26/2022

http://vizhub.healthdata.org/dex/
http://www.jama.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2016.16885


Copyright 2016 American Medical Association. All rights reserved.

more was spent on females than males for every age group

starting at age 15, spending per person in 2013 shows a differ-

entpattern.Estimatedspendingperpersonwasgreater among

females thanmales for age 15 through 64 years and for age 75

years and older, whereas spending per person was greater

amongmales than females for age65 through 74years and for

younger than 15years.Across all ages andconditions thatwere

present for both sexes, the greatest absolute difference be-

tween female andmale estimated spendingperpersonwas for

IHD, for which males were estimated to spend more, and for

depressivedisorders andAlzheimerdisease andotherdemen-

tias, for which females were estimated to spendmore.

Changes in US Personal Health Care Spending, 1996–2013

Between 1996 and 2013, health care spending was estimated

to increase between 3% and 4% annually for most age

groups. Annual growth was estimated to be highest for emer-

gency care (6.4%) and prescribed retail pharmaceuticals

(5.6%). Figure 3 and Figure 4 highlight the conditions with

the greatest rates of annualized spending growth by condi-

tion. Growth rates vary across the age groups. Of conditions

with at least $10 billion of spending in 1996, spending on

attention-deficit/hyperactivity disorder was estimated to

have increased the fastest for age 0 to 19 years (5.9% annu-

ally [UI, 3.5%-8.1%]), whereas spending on diabetes had the

highest annual growth rates for those aged 20 to 44 years. In

the older 2 age groups (45-64 years and ≥65 years), it was

estimated that annual spending for hyperlipidemia increased

faster than any other condition. Other conditions that had

large rates of annualized increase were septicemia and low

back and neck pain. Figure 5 shows total increase in spending

and the 7 conditions with the largest absolute increase in

spending. Diabetes increased $64.4 billion (UI, $57.8 billion-

$70.7 billion) from 1996 through 2013. Spending on pre-

scribed retail pharmaceuticals increased the most, especially

from 2009 through 2013. Diabetes spending on ambulatory

care also increased substantially.

Federal Government Public Health Spending

In 2013, 23.8% (UI, 20.6%-27.3%)of governmentpublic health

spendingwas provided by theHealth Resources and Services

Administration, the Centers for Disease Control and Preven-

tion, the SubstanceAbuse andMentalHealth ServicesAdmin-

istration, and the US Food and Drug Administration. Some of

these resourceswerespentvia federally runprograms,whereas

some of the spending was used to finance public health pro-

grams run by state and local governments.Table 4 reports es-

timated spending on the 20 conditions with the most public

health spending. HIV/AIDSwas estimated to be the condition

in 2013with themost federal public health spending,with an

estimated$3.5billion(UI,$3.3billion-$4.3billion)spent in2013.

Thesecond-largest and third-largest conditionsof federalpub-

lic health spending in 2013 were estimated to be lower respi-

ratory tract infections and diarrheal diseases, with an esti-

mated $1.8 billion (UI, $1.2 billion-$2.1 billion) and$0.9billion

(UI, $0.7 billion-$1.0 billion) spent, respectively.

Figure 2. Personal Health Care Spending in the United States by Age, Sex, and Aggregated Condition Category, 2013

Aggregated condition category
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DUBE indicates diabetes, urogenital, blood, and endocrine diseases. Reported

in 2015 US dollars. Panel A, illustrates health care spending by age, sex,

and aggregated condition category. Panel B, illustrates health care spending

per capita. Increases in spending along the x-axis showmore spending.

Communicable diseases included nutrition and maternal disorders. Table 3

lists the aggregated condition category in which each condition

was classified.
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Discussion

This research estimated personal health care spending from

1996 through 2013 for 155 conditions, 6 types of health care,

and38ageandsexcategoriesusinga standardizedsetofmeth-

ods that adjusted for data imperfections. In addition, federal

public health spending from4US agencieswas disaggregated

by condition, age and sex group, and type of care. Across all

age and sex groups and types of care, diabetes, IHD, and low

backandneckpainaccountedfor thehighestamountsofhealth

care spending in 2013. Personal health care spending in-

creased for 143 of the 155 conditions from 1996 through 2013.

Spending on low back and neck pain and on diabetes in-

creased themost over the 18 years. From 1996 through 2013,

spending on emergency care and pharmaceuticals increased

Figure 3. 2013 Personal Health Care Spending in the United States and Annualized Growth Rates by Age Groups 0 to 19 Years and 20 to 44 Years,

1996-2013
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Figure 4. 2013 Personal Health Care Spending in the United States and Annualized Growth Rates by Age Groups 45 to 64 Years and 65 Years

andOlder, 1996-2013
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Figure 5. Personal Health Care Spending in the United States Across Time for All Conditions and the 7 ConditionsWith the Greatest Absolute

Increases in Annual Spending From 1996-2013
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at the fastest rates, which were higher than annual rates for

spending on inpatient care and nursing facility care.

Personal Health Care ConditionsWith Highest Spending

The conditions with highest health care spending in 2013

were a diverse group, with distinct patterns across age and

sex, type of care, and time. Some of the top 20 conditions of

health care spending in 2013 were chronic diseases with

relatively high disease prevalence and health burden.6 These

conditions included diabetes, IHD, chronic obstructive pul-

monary disease, and cerebrovascular disease, all of which

have an underlying health burden nearly exclusively attrib-

utable to modifiable risk factors. For example, diabetes was

100% attributed to behavioral or metabolic risk factors that

included diet, obesity, high fasting plasma glucose, tobacco

use, and low physical activity. Similarly, IHD, chronic

obstructive pulmonary disease, and cerebrovascular disease

each have more than 78% of their disease burden attribut-

able to similar risks.24 Cancer was not included in the lead-

ing causes of spending because it was disaggregated into

29 conditions.

Inaddition to thechronicdiseasesmentionedabove, avar-

ied set of diseases, injuries, and risk factors composed the list

of top 20 conditions causing health care spending. Many dis-

orders related to pain were among these conditions, includ-

ing low back and neck pain, osteoarthritis, other musculo-

skeletal disorders, andsomeneurological disorders associated

with pain syndromes and muscular dystrophy. Unlike the 4

chronicconditionsalreadymentioned, spendingonthesepain-

related conditions was highest for working-age adults. Low

back and neck pain, which also accounts for a sizable health

burden in theUnited States,was the third-largest conditionof

spending in 2013 and one of the conditions for which spend-

ing increased the most from 1996 through 2013.6

The treatment of 2 risk factors, hypertension and hyper-

lipidemia, were also among the top 20 conditions incurring

spending. Spending for these conditions has collectively in-

creased atmore thandouble the rate of total health spending,

andtogether led toanestimated$135.7billion (UI, $131.1billion-

$142.1 billion) in spending in 2013. Although a great deal of

health burden is attributable to obesity and tobacco, the treat-

ment of these 2 risk factors was not among the top 20 condi-

tions of spending. Growth rates on spending for both of these

risk factors were comparable with growth rates on spending

for hypertension and hyperlipidemia, but these 2 risk factors

had much less spending in 1996, and consequently contin-

ued to have much less spending in 2013.

Other disorders among the top 20 conditions accounting

for health care spending were injuries resulting from falls

and depressive disorders. Falls was the only injury on the

top 20 list. Similarly, depressive disorders was the only men-

tal health condition on the list, although when combined

with other mental health and substance abuse conditions,

this aggregated category became one of the largest aggre-

gated categories of health care spending (Figure 1). There

was also a large amount of health care spending for skin

Table 4. Largest 20 Public Health Spending Conditions for 2013 in the United Statesa

Rankb Condition

2013 Spending
(Billions of
US Dollars), $

Annualized Rate
of Change (1996
to 2013), %

All causes 76.63 2.69

1 HIV/AIDS 3.52 4.97

2 Lower respiratory tract infections 1.78 15.68

3 Diarrheal diseases 0.93 14.11

4 Other infectious diseases (viral and chlamydial infection
and streptococcal infection)

0.67 1.25

5 Hepatitis 0.60 6.77

6 Preterm birth complications (respiratory distress and
extreme immaturity)

0.39 −0.67

7 Varicella 0.35 14.98

8 Tobacco (tobacco use disorder and cessation) 0.34 9.58

9 Family planning 0.29 9.38

10 Tetanus 0.19 1.66

11 Whooping cough 0.19 1.66

12 Diphtheria 0.19 1.66

13 Sexually transmitted diseases excluding HIV 0.18 3.80

14 Breast cancer 0.18 30.01

15 Meningitis 0.17 6.00

16 Low back and neck pain 0.14 8.96

17 Tuberculosis 0.14 0.92

18 Self-harm 0.14 14.51

19 Other neonatal disorders (feeding problems and
temperature regulation)

0.13 1.00

20 Trachea, bronchus, and lung cancers 0.13 7.39

Top 20 causes 10.64 5.59

a Public health spending by condition

in 2013 for 20 conditions with the

largest spending in 2013. Reported

in 2015 US dollars.

bRanked from largest spending

to smallest spending. eTable 9.3

in the Supplement includes all

conditions and uncertainty intervals

for all estimates.
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disorders, which included acne and eczema; sense disorders,

which included vision correction and adult hearing loss;

2 conditions of spending related to dental care; and urinary

diseases, which included male infertility, urinary tract infec-

tions, and cyst of the kidney. Health care spending on preg-

nancy and postpartum care was restricted to spending on

healthy pregnancy, and excluded costs associated with

maternal or neonatal complications, or well-newborn care.

Pregnancy and postpartum care was the tenth-largest con-

dition of spending. When combined with well-newborn

care, this aggregated category was estimated to compose

$83.5 billion (UI, $78.3 billion-$89.5 billion) of spending

and accounted for the fifth-highest amount of US health care

spending. Lower respiratory tract infection was the con-

dition with the 20th-highest amount of spending, and

Alzheimer disease had the 21st-highest amount. Although

Alzheimer disease is often the focus of attention due to con-

cerns about accelerated spending growth, this condition has

had relatively minor growth (an estimated 1.9% [UI, 0.7%-

3.2%]) from 1996 through 2013.

ConditionsWith the Highest Annual Increases

in Personal Health Care Spending

In addition to highlighting conditions with large amounts of

spending, this research also traced spendinggrowthover time

and identified the largest categories of spending growth.

From 1996 through 2013, personal health care spending oc-

curring in the 6 types of care tracked in this study increased

byanestimated$933.5billion.Theconditions forwhichspend-

ing increased themostwerediabetes, lowback andneckpain,

hypertension, and hyperlipidemia (Figure 5). Across all con-

ditions, spending on prescribed retail pharmaceuticals in-

creasedat anannualized rate of 5.6% from1996 through2013.

Of the 6 types of personal health care, only spending in emer-

gency departments grew faster (6.4% annually), whereas the

shareof health care spending for inpatienthospitals andnurs-

ing facilities actually decreased. Although spending on pre-

scribedretailpharmaceuticalsandemergencydepartmentcare

increased at the fastest rates, the majority of the increase in

spending occurred where spending was already concen-

trated—in ambulatory and inpatient care. Spending for these

2 types of care, which increased by an estimated $324.9 bil-

lion and $259.2 billion, respectively, from 1996 through2013,

remained higher than all other types of care.

Spending on Those 65 Years andOlder

Becauseof theagingUSpopulationandpolitical concernsabout

the financingofMedicare, there is increasing interest inhealth

care spending on the oldest age groups. An estimated 37.9%

(UI, 37.6%-38.2%) of personal health care spending was for

those 65 years and older in 2013. Spending per person was

greatest in theoldest agegroup, reachinganestimated$24 160

(UI, $23 149-$25 270) per man and $24 047 (UI, $23 551-

$24650) perwoman. For those 65 years and older, 36.8% (UI,

36.2%-37.2%)of spendingwas in inpatienthospitals and21.7%

(UI, 21.4%-21.9%) was in nursing facility care, and the largest

conditions of health care spendingwere estimated to be IHD,

hypertension, and diabetes.

Comparing Personal Health Care Spending

and Public Health Spending

In addition to estimatingpersonal health spending, this study

disaggregated public health spending from 4 federal agen-

cies by condition and age and sex group. Prior to this re-

search, studiesofgovernmentpublichealthprogramswerepri-

marily focused on state and local programs. Disaggregating

federal public health spending shows a focus on a variety of

conditions and ages. Top conditions include infectious dis-

eases likeHIV/AIDS, lower respiratory tract infections, anddi-

arrheal diseases. This list is different from the list in personal

health care spending,wherenoncommunicablediseases com-

prise themajority of the spending.Althoughpublic health ini-

tiatives, suchas screening, immunizations,healthbehavior in-

terventions, and surveillance programs have been shown to

be cost-effective, public health spending remains very small

compared with personal health spending; in 2013, total gov-

ernment public health spending amounted to an estimated

$77.9 billion, or about 2.8% of total health spending.

ComparisonWith Existing Literature

This research differs from cost of illness studies thatmeasure

spending for a single or small set of conditions, as this re-

search used a comprehensive set of conditions and the total

amount of spending attributed to these conditions reflects of-

ficial US personal health spending estimates.25-27 Because of

the comprehensive nature of this project, spending estima-

tion was protected from the double counting that can occur

in other cost-of-illness studies, in which the same spending

may be attributed to multiple conditions.7

Although distinct from most cost-of-illness studies, this

research was most similar to previous research by Thorpe

and colleagues,5,12,28-30 who have each published work disag-

gregating health care spending by condition or age and sex

groups. Previous research disaggregating spending by condi-

tions showed that mental conditions and cardiovascular dis-

eases accounted for the greatest amount of spending,5,12 and

that spending on different conditions was changing at differ-

ent rates from 2000 through 2010.29 Additionally, previous

research disaggregating spending by age and sex groups

showed that female spending per person was greater than

male spending per person, and spending per person on those

65 years and older was 5 times as much as spending on those

18 years and younger.30 Although the condition list and age

groups used in these other projects did not perfectly align

with the mapping used in this study, the findings presented

here are consistent with these previous findings. Results

from this study estimated that in 2013 cardiovascular dis-

eases and mental disorders were the largest aggregate condi-

tion categories accounting for health care spending, particu-

larly when Alzheimer disease was included with other

mental disorders as it was in these other studies. Similarly,

this research confirms that spending per capita among per-

sons 65 years and older was substantially more than spend-

ing on the other age groups, and particularly greater than that

spent on children younger than 20 years. This study also

shows that spending per person on males was generally less

than spending on females.
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However, the present study contains information and

methodological improvements that were lacking in existing

studies. The present study added to this literature by disag-

gregating spendingat amoregranular level. Theconditioncat-

egories used to disaggregate personal spending span 155 con-

ditions,whereasprevious studiesused larger,moreaggregated

categoriesbasedon ICD-9chapters.More importantly, thepres-

ent studydisaggregatedpersonal health care spending simul-

taneously by condition, age and sex group, and type of care.

Simultaneous disaggregation allows researchers and policy

makers to focus more precisely on which conditions had in-

creasedspending,aswell asontheagesandtypesofcarewhere

growth in health care spending is most acute. In addition to

thismoregranular disaggregation, spendingestimates for this

study were adjusted to account for comorbidities.

Limitations

This researchhad4 categories of limitations, all causedby im-

perfectdata.The first categoryof limitationswas technical and

occurred because a high-quality census of US health care

spending was not available. This problem manifests in sev-

eral specific problems, all of which require modeling and at-

timeassumptions thatmaynotbe tenable. First, scalingof the

estimates to reflect total US health care spending relied upon

the assumption that the population-weighted data were rep-

resentativeof total national spending.Ashasbeenpointedout

elsewhere, this scaling may be biased because some popula-

tions—suchas incarceratedpersons, those receiving care from

Veterans Affairs facilities, or those serving on active military

duty—were not represented in the rawdata.31,32These groups

wereestimated to togethermakeup less than3%of totalhealth

care spending.5 Second, health system encounters with ex-

ceedinglyhighhealthcare spending,maynotbecaptured fully

in survey data.33 Third, imprecise ICD-9 codes that could not

be directly mapped to a health condition required additional

modeling and spending redistribution. Fourth, charge data

wereusedforestimationofspending in inpatientcareandnurs-

ing facility care. Inpatient carechargeswereadjustedusingsta-

tisticalmethods andcharge topayment ratiosmeasuredusing

anadditionaldatasource,butnursing facilitycarechargeswere

assumed to reflect spending patterns. If the charge to pay-

ment ratios in nursing facility care vary by condition, this as-

sumption will have biased the results. Fifth, this studymade

spending estimates at a very granular level. In some cases, a

small number of cases were used as a basis for estimation.

In all of these cases, multiple data sources were lever-

aged and statistical smoothing was used to correct potential

biases. Although these methods were applied consistently

across all data sources and UIs were calculated for all esti-

mates, a diverse set of assumptions and simplifications were

necessary. In some cases, these assumptions may not be ac-

curate andmay bias the results. Statistical estimation and ad-

justments should never replace an effort to collect more spe-

cific, complete, andpublicly available health care data. Given

the size and complexity of the US health care system, addi-

tional resources are needed to improve patient-level re-

source tracking across time and types of care.

The secondcategoryof limitationwas related to thequan-

tification of uncertainty. This study relied on empirical boot-

strapping toapproximateUIsbut thesecalculationsdependon

important assumptions that may not hold at themost granu-

lar reporting levels.Furthermore, thesemethodswerenot cali-

bratedtoreflectapreciserangeofconfidenceanddonotaccount

for all typesofuncertainty.Thus, the reportedUIs shouldbe in-

terpretedas relativemeasuresofuncertainty, used to compare

the uncertainty across the large set of spending estimates.

The third category of limitations was related to unavail-

able data. In particular, a criticalmass of data did not provide

information with spending stratified by geographic area, pa-

tient race,or socioeconomicstatus. Inaddition to this, themost

granularGBDcondition taxonomywasnotused for this study,

because at that level of granularity, the underlying data were

too sparse to enable resource tracking. Similarly, these esti-

mates extendonly to2013, rather than through thepresentbe-

cause more recent data were not sufficiently available. From

apolicyperspective, these important demographic, socioeco-

nomic,geographic, andepidemiologicaldistinctionscouldmo-

tivate and informnecessaryhealth system improvements, and

warrant further research.

The fourth category of limitations was related to public

health spending data availability. The fragmentation of the US

public health system and lack of a comprehensive data source

prevented a disaggregation of total government public health

spending, and forced this study to focus exclusively on re-

sources channeled through 4 federal agencies. These agencies

makeuponly23.8%(UI,20.6%–27.3%)oftotalgovernmentpub-

lic health spending.This researchwas included in this studyas

a valuable description to juxtapose the foci of public health

spendingandpersonalhealthspendingandtohighlighttheneed

for ongoing research assessing public health spending.

Conclusions

ModeledestimatesofUS spendingonpersonalhealth care and

publichealth showedsubstantial increases from1996 through

2013; with spending on diabetes, IHD, and low back and neck

pain accounting for the highest amounts of spending by dis-

ease category. The rate of change in annual spending varied

considerablyamongdifferentconditionsandtypesofcare.This

information may have implications for efforts to control US

health care spending.
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