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IMPORTANCE US health care spending has continued to increase and now accounts for 18% CME Quizat
of the US economy, although little is known about how spending on each health condition jamacmelookup.com

varies by payer, and how these amounts have changed over time. .
Related article at

OBJECTIVE To estimate US spending on health care according to 3 types of payers (public jamahealthforum.com
insurance [including Medicare, Medicaid, and other government programs], private

insurance, or out-of-pocket payments) and by health condition, age group. sex, and type of

care for 1996 through 2016.

DESIGN AND SETTING Government budgets, insurance claims, facility records, household
surveys, and official US records from 1996 through 2016 were collected to estimate spending
for 154 health conditions. Spending growth rates (standardized by population size and age
group) were calculated for each type of payer and health condition.

EXPOSURES Ambulatory care, inpatient care, nursing care facility stay, emergency
department care, dental care, and purchase of prescribed pharmaceuticals in a retail setting.

MAIN OUTCOMES AND MEASURES National spending estimates stratified by health condition, age
group, sex, type of care, and type of payer and modeled for each year from 1996 through 2016.

RESULTS Total health care spending increased from an estimated $1.4 trillion in 1996 (13.3% of
gross domestic product [GDP]; $5259 per person) to an estimated $3.1trillion in 2016 (17.9% of
GDP; $9655 per person); 85.2% of that spending was included in this study. In 2016, an
estimated 48.0% (95% Cl, 48.0%-48.0%) of health care spending was paid by private
insurance, 42.6% (95% Cl, 42.5%-42.6%) by public insurance, and 9.4% (95% Cl, 9.4%-9.4%)
by out-of-pocket payments. In 2016, among the 154 conditions, low back and neck pain

had the highest amount of health care spending with an estimated $134.5 billion (95% Cl,
$122.4-$146.9 billion) in spending, of which 57.2% (95% Cl, 52.2%-61.2%) was paid by private
insurance, 33.7% (95% Cl, 30.0%-38.4%) by public insurance, and 9.2% (95% Cl, 8.3%-10.4%)
by out-of-pocket payments. Other musculoskeletal disorders accounted for the second highest
amount of health care spending (estimated at $129.8 billion [95% Cl, $116.3-$149.7 billion])

and most had private insurance (56.4% [95% Cl, 52.6%-59.3%]). Diabetes accounted for

the third highest amount of the health care spending (estimated at $111.2 billion [95% Cl,
$105.7-$115.9 billion]) and most had public insurance (49.8% [95% Cl, 44.4%-56.0%)).

Other conditions estimated to have substantial health care spending in 2016 were ischemic
heart disease ($89.3 billion [95% Cl, $81.1-$95.5 billion]), falls ($87.4 billion [95% Cl,
$75.0-$100.1 billion]), urinary diseases ($86.0 billion [95% Cl, $76.3-$95.9 billion]), skin and
subcutaneous diseases ($85.0 billion [95% Cl, $80.5-$90.2 billion]), osteoarthritis ($80.0 billion
[95% Cl, $72.2-$86.1 billion]), dementias ($79.2 billion [95% Cl, $67.6-$90.8 billion]), and
hypertension ($79.0 billion [95% Cl, $72.6-$86.8 billion]). The conditions with the highest
spending varied by type of payer, age, sex, type of care, and year. After adjusting for changes in
inflation, population size, and age groups, public insurance spending was estimated to have
increased at an annualized rate of 2.9% (95% Cl, 2.9%-2.9%); private insurance, 2.6% (95% Cl,
2.6%-2.6%); and out-of-pocket payments, 11% (95% Cl, 1.0%-11%).

CONCLUSIONS AND RELEVANCE Estimates of US spending on health care showed substantial Author Affiliations: Author
increases from 1996 through 2016, with the highest increases in population-adjusted affiliations are listed at the end of this
article.

spending by public insurance. Although spending on low back and neck pain, other

musculoskeletal disorders, and diabetes accounted for the highest amounts of spending, Corresponding Author: Joseph L.

Dieleman, PhD, Institute for Health

the payers and the rates of change in annual spending growth rates varied considerably. Metrics and Evaluation, 2301 Fifth
Ave, Ste 600, Seattle, WA 98121
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he United States spends more on health care per person

than ever before, and considerably more than nearly all

other countries.! The system used to finance health care
in the United States has evolved over the last century. Changes
to the federal tax code led to the emergence of employer-
sponsored private insurance in the 1940s and Medicare and
Medicaid were created in the 1960s.? Since then, numerous
public policies have been debated and enacted, and innova-
tive payment models have been formed.

The result of these innovations and reforms is a complex
and diffuse US health care system.® In 2017, Medicare and
Medicaid, which make up the majority of governmental spend-
ing on health care, accounted for 21.2% and 17.5% of total
health care spending, respectively.* Private health insur-
ance, which includes employer-subsidized plans and policies
purchased in state or federal marketplaces, accounted for
35.6% of total health care spending.* Out-of-pocket pay-
ments, which include all household spending on health care
including deductibles or co-payments, accounted for 11.0%
of total health care spending.* The remaining health care
financial system includes spending by the Department of
Veterans Affairs, the Department of Defense, the Child Health
Insurance Program, worker’s compensation, and the Indian
Health Service.

Although the Centers for Medicare & Medicaid Services
provides annual estimates of total health care spending for each
of these programs, little is known about how spending by
each type of payer is divided across health conditions. This
study aims to fill this gap by estimating annual health care
spending for 3 payer categories (public insurance, private in-
surance, and out-of-pocket payments) for 154 health condi-
tions and by age group and sex from 1996 through 2016.

Methods

Conceptual Framework and Data

The process used to generate spending estimates by payer were
based on methods previously developed by the Institute for
Health Metrics and Evaluations for the Disease Expenditure
Project (DEX)*® (further details appear in the Supplement). The
previously published DEX estimates included health care
spending by health condition, age group, sex, and type of
care from 1996 through 2013, and measured the associations
among health care spending increases and key demographic,
epidemiological, and health service factors.>”-® This prior re-
search did not disaggregate modeled spending by payer.

The DEX project, including the research conducted for this
analysis, received review and approval from the University of
Washington institutional review board, but because the data
were from a deidentified database, the requirement for in-
formed consent was waived.

The current project used microdata to estimate the amount
of health care spending on 154 health conditions, 38 groups
for age and sex, 6 types of care (ambulatory, inpatient, nurs-
ing care facility, emergency department [ED], dental, and pre-
scribed pharmaceuticals purchased in a retail setting), and
1 category to measure the government administration and net
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Key Points

Question How does spending on different health conditions vary
by payer (public insurance, private insurance, or out-of-pocket
payments) and how has this spending changed over time?

Findings From 1996 to 2016, total health care spending increased
from an estimated $1.4 trillion to an estimated $3.1 trillion. In 2016,
private insurance accounted for 48.0% (95% Cl, 48.0%-48.0%)
of health care spending, public insurance for 42.6% (95% Cl,
42.5%-42.6%) of health care spending, and out-of-pocket
payments for 9.4% (95% Cl, 9.4%-9.4%) of health care spending.
After adjusting for population size and aging, the annualized
spending growth rate was 2.6% (95% Cl, 2.6%-2.6%) for private
insurance, 2.9% (95% Cl, 2.9%-2.9%) for public insurance, and
11% (95% Cl, 1.0%-1.1%) for out-of-pocket payments.

Meaning Understanding how much each payer spent on each
health condition and how these amounts have changed over time
can inform health care policy.

cost of insurance programs. Microdata track information for
a single ambulatory, ED, or dental visit; inpatient or nursing
care facility stay; or pharmaceutical prescription. The micro-
data were extracted from household surveys, public and pri-
vate insurance claims databases, and health facility adminis-
trative records and are listed in §2 in the Supplement.3-913

The 38 groups for age and sex used in this study included
19 age groups for each sex, including younger than 1 year, 1to
4 years, 5 to 9 years, 10 to 14 years, etc. The 154 health condi-
tions were based on categories used in the Global Burden of
Disease 2017 study. These 154 health conditions were aggre-
gated into 14 health categories. The health conditions, aggre-
gated health categories, and types of care are listed and fur-
ther explained in the Supplement (eTable 2.1, eTable 10.1,
eTable 10.2, and §12) as well as in preceding publications.>”-®

Spending estimates were generated from 1996 through
2016. This period was chosen due to data availability. The Medi-
cal Expenditure Panel Survey (MEPS) began in 1996 and few
of the data sources extended beyond 2016 at the time this re-
search was conducted.

Estimating Spending
Each outpatient visit, inpatient stay, or prescription recorded
in the microdata included at least 1 diagnosis coded using the
International Classification of Diseases (ICD), Ninth Revision,
or the International Statistical Classification of Diseases and
Related Health Problems, Tenth Revision. When a primary di-
agnosis was not identified in the data, the first diagnosis listed
was used. These diagnoses were aggregated, using survey sam-
pling weights, into 154 mutually exclusive health conditions.
When the ICD code associated with the primary diagnosis did
not provide enough information to match to a single health con-
dition used in this study, the diagnosis listed next was used.
If a record had no diagnoses that mapped directly to 1 of the
154 health conditions, the spending was redistributed using
methods derived for the Global Burden of Disease study.!*
Spending estimates were adjusted for comorbidities,
which are generally associated with increased spending.
To redistribute a portion of the spending initially attributed
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to a primary diagnosis to a comorbid condition, the excess
spending associated with each comorbidity was measured
using penalized linear regression. Using microdata, spending
associated with a visit or stay for a single health condition
was regressed on binary indicators identifying the diagnosis
of any other health condition. This was completed separately
for 4 age groups (<1-19 years, 20-44 years, 45-64 years, and
>65 years) and for each health condition that had at least
2000 observations for that age group (142 of 154 health con-
ditions). To avoid spurious associations caused by small
sample sizes and outlying data points, penalized regressions
were used, which constrain coefficient estimates for regres-
sions that have many parameters but few observations. The
degree to which the estimated parameters were constrained
was determined for each health condition, age, and type of
care using generalized cross validation. Additional details
on this adjustment appear in the Supplement (§5.1) and in
prior publications.'

Addressing Data Nonrepresentativeness

In some cases, the microdata required adjustments to make
the data representative and appropriate for this study. Seven
specific adjustments are briefly discussed in this section and
additional details appear in the Supplement (§5.2-§5.7).

The National Inpatient Sample and the Nationwide
Emergency Department Sample report facility charges rather
than total payments for each stay.!® To adjust facility charges
to reflect total payments, scalars for each health condition,
age, and year combination were estimated using nonlinear
regressions and data from the MEPS, which reports both
charges and payments.'®

To refine our spending estimates for the inpatient setting
and the ED, we adjusted inpatient charges that would have
been inclusive of ED charges among patients admitted to the
hospital through the ED. Using the Nationwide Emergency
Department Sample, we calculated the fraction of spending
attributable to the ED for an inpatient stay and removed this
allocation from the original inpatient estimate that was cal-
culated using data from the National Inpatient Sample.

The National Ambulatory Medical Care Survey reported
visits at which a physician was consulted but excluded all other
health care visits. To adjust for these additional visits, scalars
for each health condition, age, and year combination were es-
timated using nonlinear penalized regression and data from
the MEPS.

Nursing care facility spending was estimated separately for
short-term and long-term care and then aggregated. Accord-
ing to the National Nursing Home Survey, 95.5% of nursing care
facility stays lasting less than 100 days were paid, in part, by
Medicare. Consequently, short-term care was estimated using
Medicare claims data. Spending on long-term care at nursing
care facilities was estimated using linear regression and data
from the National Nursing Home Survey and the Centers for
Medicare & Medicaid Services’ Medicaid Analytic eXtract.

Mental health spending estimates were scaled proportion-
ally to meet the total spending for mental health and sub-
stance abuse as ambulatory care and reported by the Sub-
stance Abuse and Mental Health Services Administration
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annual reports because some microdata exclude specialty men-
tal health and substance abuse clinics from their surveys.”

To measure spending on specialty drugs, which gener-
ally have high costs but are used infrequently and are there-
fore not well represented in survey data, sales volume, list
price, and net price (after discounts and rebates) were
extracted from the SSR Health pharmaceutical pricing data-
base for 136 specialty drugs. Spending per drug was esti-
mated by taking the product of the sales volume and the list
price or net price (whichever was smaller). Each drug was
mapped to a health condition included in this study and was
combined with pharmaceutical spending estimates from the
MEPS, which captures retail pharmaceutical spending on
nonspecialty drugs.

To control for small sample sizes and to leverage the
strength of multiple data sources, a hierarchical model was
used to smooth spending across space and time. This model
was estimated separately for each health condition, sex, and
type of care and used a penalized spline to allow the fit to be
highly nonlinear across age and time simultaneously.

Generating Payer-Specific Estimates

The type of care, the age and sex of the patient, the diagnosis,
and the health care spending by each payer was identified and
extracted from the MEPS, which identifies 12 categories of pay-
ers. These 12 categories were aggregated into 3 payer catego-
ries: publicinsurance (Medicaid, Medicare, other federal, other
public, other state or local, and Veteran’s Affairs), private in-
surance (other private, TRICARE, and worker’s compensa-
tion), and out-of-pocket payments (self or family). Other payer
sources accounted for less than 1% of the spending across all
years and were excluded from this part of the analysis be-
cause it was unclear where to apply this spending.

For each health condition and type of care, nonlinear re-
gression was used to estimate the fraction of health care spend-
ing from each type of payer, age group, and year. Spending
ratios for men and women were estimated together. All
data underwent centered log transformation.'®!° This type of
transformation ensures that the modeled fractions sum to 1
for each age, sex, health condition, type of care, and year.
Nonlinear regression was completed using penalized regres-
sion and the penalty was determined using generalized cross
validation. More information about this modeling appears in
the Supplement (§7).

The sum of the products from modeled payer fractions and
the spending amount for each age, health condition, type of
care, and year were scaled proportionally to estimate the type
of payer and type of care spending amounts reported by the
National Health Expenditure Accounts. All spending esti-
mates were adjusted for inflation using economy-wide rates
provided by the Bureau of Economic Analysis and were con-
verted to 2016 US dollars.>°

Estimating Spending on Government Administration

and the Net Cost of Insurance Programs

Official US records include the cost of administering insur-
ance programs as health care spending. These costs are re-
ported in the National Health Expenditure Accounts and
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include all costs associated with the government administra-
tion and the net cost of insurance programs. This category in-
cludes administrative costs such as salaries and expenses re-
lated to the management of insurance. The costs of running
public and private insurance were split across health condi-
tions, age groups, and sex for each year based on the propor-
tion of spending estimated for all other types of care and for
public and private insurance separately.

Quantifying Uncertainty

The confidence intervals were calculated by using bootstrap-
ping methods 1000 times. Most steps for the estimation were
completed for each bootstrap sample, and 1000 spending es-
timates were created for each health condition, age group, sex,
type of care, payer, and year. (The estimation of the spending
on specialty drugs and Medicaid spending on long-term stays
in nursing care facilities were not bootstrapped because the
underlying data we had access to were tabulated.) The spend-
ing estimates reported in this article are the mean of these 1000
estimates, whereas the 95% CIs were constructed using the
2.5th and 97.5th percentiles, meaning that this is a percentile
interval bootstrap. Bootstrapping methods assume that the em-
pirical distribution of the errors in the sample data approxi-
mates the population’s distribution. Although this method has
strengths, this assumption may not always be true, espe-
cially for rare health conditions.

Moreover, bootstrapping methods only capture a subset
of uncertainty and do not reflect the uncertainty associated
with some modeling decisions and processes. In addition, the
point estimate (ie, the reported value) of a percentile interval
bootstrap is not based on the observed data butis instead based
on the mean of the bootstrap draws and can be skewed in some
cases. The percentile interval bootstrapping method was cho-
senrather than other bootstrapping methods because it seemed
most appropriate for the underlying data (without a single draw
reflecting the observed data without uncertainty). Due to these
limitations, the 95% CIs should be used as a relative indica-
tion of when the measurements are the most precise rather
than as exact 95% Cls.

Quantifying Change Over Time

To measure changes in spending across time, annualized rates
of change and population-standardized rates of change were
calculated from 1996 through 2016. The annualized rate of
change is the year-over-year rate of change necessary to re-
flect the total change in spending observed between 1996 and
2016. The population-standardized rate of change is the an-
nualized rate of change calculated after adjusting for the chang-
ing population size, age, and sex structure.

To calculate the population-standardized rate of change,
the population size, age, and sex structure from 2016 was
multiplied by the 1996 per-person spending rates for each
age group and sex category. This process estimates what
spending would have been in 1996 had the 2016 population
been present. All data adjustments and statistical analyses
were completed using Stata version 13.1 (StataCorp), R ver-
sion 3.5.1 (R Foundation for Statistical Computing), and
Python version 3.6 (Python Software Foundation).

JAMA March 3,2020 Volume 323, Number 9

US Health Care Spending by Payer and Health Condition, 1996-2016

. |
Results

In total, 198 source-specific years of microdata were used for
this study. Together, these dataincluded 5.9 billion unique in-
surance claims; information regarding an additional 150.4 mil-
lion ambulatory, dental, or ED visits; 1.5 billion inpatient and
nursing care facility bed-days; and 5.9 million prescribed phar-
maceuticals. The data reflected 85.2% of health care spend-
ing between 1996 and 2016. Excluded from this study were
home health care (2.6% of total health care spending be-
tween 1996 and 2016); durable medical equipment and non-
durable medical products, which include over-the-counter
medicines (3.7%); government public health activities (2.9%);
and research and infrastructure investment (5.6%).>

Health Care Spending by Payer, Age, and Aggregated Health
Conditionin 2016

Total health care spending increased from an estimated
$1.4 trillion in 1996 (13.3% of gross domestic product [GDP];
$5259 per person) to an estimated $3.1 trillion in 2016 (17.9%
of GDP; $9655 per person). During this period, 86.8% of this
spending was included in this study. In 2016, an estimated
$1.3 trillion (95% CI, $1.3 trillion-$1.3 trillion) or 48.0%
(95% CI, 48.0%-48.0%) of total spending was accounted
for by private insurance, an estimated $1.2 trillion (95% CI,
$1.2 trillion-$1.2 trillion) or 42.6% (95% CI, 42.5%-42.6%) by
public insurance, and an estimated $255.2 billion (95% CI,
$255.0 billion-$255.2 billion) or 9.4% (95% CI, 9.4%-9.4%) by
out-of-pocket payments (Figure 1). The estimates reported in
this article can be interactively explored at http://vizhub.
healthdata.org/dex/.

Even though the majority (58.6% [95% CI, 57.2%-59.9%])
of publicinsurance spending was for patients aged 65 years or
older, 41.4% (95% CI, 40.1%-42.8%) was for patients aged 64
years or younger. Conversely, 86.0% (95% CI, 85.2%-86.7%)
of private insurance spending was for patients aged 64 years
or younger. Out-of-pocket payments accounted for a small
percentage of spending across age groups, ranging from 1.1%
(95% CI, 0.9%-1.2%) for those aged less than 1 year to 12.8%
(95% CI, 11.7%-14.0%) for those aged 85 years or older.

In 2016, the aggregated health category with the highest
modeled spending was musculoskeletal disorders with an es-
timated $380.9 billion (95% CI, $360.0 billion-$405.4 billion)
(Table 1). This spending was concentrated in adults aged 20
to 64 years (61.3% [95% CI, 59.6%-62.8%]), was funded pri-
marily by private insurance (54.0% [95% CI, 51.4%-56.4%]),
and was primarily for ambulatory care (49.0% [95% CI, 46.8%-
51.5%]). Spending on diabetes, urogenital, blood, and endo-
crine disorders was the aggregated health category with the
second highest spending in 2016, estimated to be $309.1 bil-
lion (95% CI, $292.4 billion-$328.4 billion), and the majority
of spending was concentrated in adults aged 20 to 64 years
(57.5% [95% CI, 56.1%-59.0%]) and for ambulatory care (35.5%
[95% CI, 33.0%-37.8%]). Cardiovascular diseases was the ag-
gregated health category with the third highest spending in
2016, estimated to be $255.1 billion (95% CI, $233.4 billion-
$282.6 billion). Across all aggregated health categories, the
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Figure 2. Estimated Health Care Spending by Age Group, Sex, and Payer in 2016
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government administration and net cost of insurance pro-
grams was 9.8% (range, 8.9%-10.5%) in 2016.

Figure 2 highlights how modeled payer-specific spending
varies by age and sex. Across age there is a transition to pub-
lic insurance from private insurance at older ages and the
shift occurs most substantially at the age of 65 years, which is
the eligibility age of Medicare for many individuals in the
United States. In 2016, public insurance spending was high-
est for those aged 65 years or older. For those younger than
aged 65 years, public insurance spending varied; however, it
tended to increase with age for both the total amount of
spending and per-person spending. There was also a notable
increase in public insurance spending among women during
the peak ages of fertility.

Private insurance spending generally increased with age
from birth until aged 64 years. The highest amount of private
insurance spending in 2016 was for women and men aged 60
to 64 years. For these ages and among both sexes, the highest
spending was for musculoskeletal disorders. In per-person
terms, the highest private insurance spending was on new-
borns (aged <1 year), which occurred primarily in inpatient set-
tings during the first few days of life. Out-of-pocket pay-
ments varied much less across age and sex than across public
and private insurance, with the highest spending found among
individuals older than aged 85 years.

Health Care Spending by Payer and Health Condition in 2016
In 2016, among the 154 conditions, low back and neck pain
had the highest health care spending with an estimated
$134.5 billion (95% CI, $122.4-$146.9 billion) in spending, of

jama.com

which 57.2% (95% CI, 52.2%-61.2%) was paid by private
insurance, 33.7% (95% CI, 30.0%-38.4%) paid by public
insurance, and 9.2% (95% CI, 8.3%-10.4%) paid by out-of-
pocket payments (Table 2). In 2016, the health condition esti-
mated to have the next highest health care spending was
other musculoskeletal disorders (including joint and limb
pain, myalgia, and osteoporosis) at $129.8 billion (95% CI,
$116.3 billion-$149.7 billion); diabetes at $111.2 billion (95%
CI, $105.7 billion-$115.9 billion); ischemic heart disease at
$89.3 billion (95% CI, $81.1 billion-$95.5 billion); falls at
$87.4 billion (95% CI, $75.0 billion-$100.1 billion); urinary
diseases at $86.0 billion (95% CI, $76.3 billion-$95.9 billion);
skin and subcutaneous diseases at $85.0 billion (95% CI,
$80.5 billion-$90.2 billion); osteoarthritis at $80.0 billion
(95% CI, $72.2 billion-$86.1 billion); dementias at $79.2 bil-
lion (95% CI, $67.6 billion-$90.8 billion); and hypertension at
$79.0 billion (95% CI, $72.6 billion-$86.8 billion).

Spending varied based on type of care, age, and payer. The
majority of the spending on low back and neck pain, other mus-
culoskeletal disorders, and diabetes was among adults be-
tween the ages of 20 and 64 years, whereas the majority of
spending on dementias, ischemic heart disease, and falls was
among those aged 65 years or older. Spending on skin and sub-
cutaneous disorders, low back and neck pain, and other mus-
culoskeletal disorders received the majority of funding from
private insurance, whereas hypertension, dementias, and is-
chemic heart disease received the majority of funding from
public insurance.

Among the 10 health conditions with the highest spend-
ing, the health condition that had the highest fraction of
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out-of-pocket payments was dementias. Among those same
10 health conditions, other musculoskeletal disorders, hyper-
tension, low back and neck pain, skin and subcutaneous dis-
eases, and urinary diseases had the highest fraction of spend-
ing during ambulatory care; osteoarthritis and ischemic heart
disease had the highest fraction of spending during inpatient
care; diabetes had the highest fraction of spending on pre-
scribed pharmaceuticals; and dementias had the highest frac-
tion of spending during nursing care facility stays. Spending
on falls was distributed relatively evenly across all types of care,
with substantial spending during inpatient care, ambulatory
care, and nursing care facility stays.

Figure 3A shows that private insurance funded most of the
modeled health care spending for low back and neck pain,
whereas public insurance played a substantive role for the
population aged 65 years or older, and out-of-pocket pay-
ments were relatively constant across age groups (When mea-
sured as a fraction of the total amount of low back and neck
pain spending). Figure 3B shows that other musculoskeletal
disorders had a similar funding pattern as low back and neck
pain, with more financing from private insurance for those
younger than aged 65 years. Unlike low back and neck pain,
spending on other musculoskeletal disorders was higher for
women than men, especially between the ages of 40 and 70
years. This is partially because of the inclusion of osteoporo-
sis within this category.

Figure 3C shows that spending on diabetes occurs later in
life than low back and neck pain and other musculoskeletal dis-
orders and is generally financed by public insurance. Simi-
larly, Figure 3D shows that spending for ischemic heart dis-
ease occurs generally later in life. However, there was higher
spending for ischemic heart disease among men at younger
ages than among women, and higher spending among women
at older ages than among men.

Figure 3E shows that spending on falls was greatest at older
ages, with a transition from private financing to public financ-
ingat aged 65 years, and with more spending on women than
men at the oldest ages. A relatively large fraction of this was
out-of-pocket payments. Figure 3F shows that while there was
higher spending on urinary diseases among women aged 20
to 40 years, there was higher spending among men at older ages
with a major increase at aged 55 years.

Figure 4A shows that spending on skin and subcutane-
ous disorders was similar at all ages, with higher spending
among women and among those with private insurance.
Figure 4B shows spending was higher among women with
osteoarthritis, with spending roughly split between public
and private insurance. Figure 4C shows that the highest
spending was among older women with dementias, and
substantially higher spending among women than men
because, on average, women live longer than men and are
less likely to have an in-home informal caregiver (eg, a
spouse), and therefore have substantially higher spending
for nursing care facility stays. Because a substantial amount
of spending for nursing care facility stays was paid by out-of-
pocket payments, a relatively large portion of spending for
dementias was paid by out-of-pocket payments. Figure 4D
shows that spending for hypertension occurs later in life,

JAMA March 3,2020 Volume 323, Number 9
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roughly even among men and women, and primarily funded
by public insurance.

Figure 5 shows that the health conditions with the high-
est modeled spending for each payer varied. In 2016, the
health conditions with the highest spending funded by pub-
lic insurance were diabetes (an estimated $55.4 billion [95%
CI, $49.3 billion-$62.7 billion]), ischemic heart disease (an
estimated $48.2 billion [95% CI, $43 billion-$54.6 billion]),
and other musculoskeletal disorders (an estimated $46.9 bil-
lion [95% CI, $42 billion-$52.6 billion]). In 2016, the health con-
ditions with the highest spending funded by private insurance
were low back and neck pain (an estimated $76.9 billion [95%
CI, $66.8 billion-$88 billion]), other musculoskeletal disorders
(an estimated $73.3 billion [95% CI, $62.2 billion-$87.5 bil-
lion]), and pregnancy and postpartum care (an estimated
$52.8 billion [95% CI, $46.4 billion-$59.4 billion]). The health
conditions with the highest spending paid by out-of-pocket pay-
ments were oral disorders (an estimated $30.5 billion [95% CI,
$29.1 billion-$32 billion]), well dental care (an estimated
$21.1billion [95% CI, $20 billion-$22.6 billion]), and dementias
(an estimated $19.4 billion [95% CI, $7.2 billion-$31.7 billion]).

Health conditions routinely coded as secondary or as a co-
morbidity had spending increased as part of our adjustments
if the microdata showed they were systematically associated
with higher spending. Spending on dementias, chronic kid-
ney disease, urinary disease, and heart failure increased the
most. For health conditions that were routinely coded as a pri-
mary diagnosis but frequently had comorbidities present that
increased spending, the spending was reduced. Spending on
septicemia, falls, and lower respiratory tract infection de-
creased the most. Of the 154 health conditions with spending
estimates, those ranked lower than 100 according to health care
spending appear in Table 3.

Health Care Spending by Payer Across Time

Figure 6 shows that across time, the composition of which
payers contributed spending in each type of care has changed
little. Between 1996 and 2016, 53.7% (95% CI, 53.7%-53.7%)
of ambulatory care was paid by private insurance, with
increases from 33.1% (95% CI, 33.1%-33.1%) to 39.6% (95% ClI,
39.6%-39.6%) in spending paid by public insurance. Across
this period, 48.8% (95% CI, 48.8%-48.8%) of inpatient care
and 47.7% (95% ClI, 47.7%-47.7%) of ED care were paid by
public insurance, with little spending paid by out-of-pocket
payments (4.2% [95% CI, 4.2%-4.2%] and 4.5% [95% ClI,
4.5%-4.5%], respectively).

Although 49.1% (95% CI, 49.0%-49.1%) of prescribed phar-
maceutical care spending was paid by private insurance across
all years, spending paid by public insurance increased sub-
stantially from 19.1% (95% CI, 19.1%-19.2%) in 1996 to 40.6%
(95% CI, 40.4%-40.8%) in 2016 with an increase in 2006 as-
sociated with the implementation of Medicare Part D. Spend-
ing paid by public insurance was 57.8% (95% CI, 57.8%-
57.8%) for nursing care facility stays, whereas 7.7% (95% CI,
7.7%-7.7%) was for dental care.

After adjusting for changes in inflation, population size,
and age groups, health care spending was estimated to have
increased between 1996 and 2016 at an annualized rate of

jama.com

© 2020 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwor k.com/ on 08/27/2022


http://www.jama.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2020.0734

US Health Care Spending by Payer and Health Condition, 1996-2016 Original Investigation Research

Figure 3. Six Health Conditions With the Highest Spending by Sex and Payer and Across Age Groups in 2016

Type of payer
[ Publicinsurance [ Private insurance [l Out-of-pocket payments

E Low back and neck pain Other musculoskeletal disorders E Diabetes
Age Age Age
group, y Women Men group, y Women Men group, y Women Men
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60-64- =™ 60-64-] == 60-64- - BN |
55-59- = (= 55-59-| =" 55-59- ==
50-54- =15 50-54-| A 50-54- [ 11 |
45-49- == 4549 Y 45-49- in
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353025201510 5 0 5 10 152025 30 35 353025201510 5 0 5 10 1520 25 30 35 353025201510 5 0 5 10 152025 30 35
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@ Ischemic heart disease E Falls E Urinary diseases
Age Age Age
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Reported in 2016 US dollars. Increases in spending along the x-axis show more spending.

2.9% (95% CI, 2.9%-2.9%) for public insurance, 2.6% (95%  health conditions with the highest annual spending growth
CI, 2.6%-2.6%) for private insurance, and 1.1% (95% CI, paid by public insurance and at least an estimated $10 bil-
1.0%-1.1%) for out-of-pocket payments (Figure 7). The lion in spending were rheumatoid arthritis (10.7% [95% CI,
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Figure 4. Four Health Conditions With the Highest Spending by Sex and Payer and Across Age Groups in 2016

Type of payer
[ publicinsurance [ Private insurance [l Out-of-pocket payments

@ Skin and subcutaneous diseases Osteoarthritis
Age Age
group, y Women Men group, y Women Men
285+ i 285+ N
80-84 - i 80-84- Il
75-79- M 75-79- I
70-74 Il 70-74 Il
65-69- 1l 65-69- | I
60-64 - [l 60-64- [ ™
55-59- B 55-59- N
50-54- i 50-54- b
45-49- L[] 45-49- |
40-44- i 40-44- l
35-39 i 35-391
30-34- | 30-341
25-291 | 25-29
20-244 | 20-24
15-19 | 15-19
10-141 I 10-14-
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1-4 | 1-4
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Spending (Billion US Dollars) Spending (Billion US Dollars)
Dementias @ Hypertension
Age Age
group, y Women Men group, y Women Men
=85 [N | 285 Il
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70-74 1] 70-741 11
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30-344 30-34 }
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353025201510 5 0 5 10 15 20 25 30 35 35302520 15 10 5 0 5 10 15 20 25 30 35  Reported in 2016 US dollars.
Spending (Billion US Dollars) Spending (Billion US Dollars) Increases in spending along the x-axis

show more spending.

7.6%-13.3%]), hyperlipidemia (9.3% [95% CI, 8.2%-10.4%]), lion in spending in 2016 were HIV/AIDS (10.8% [95% CI,
and multiple sclerosis (8.8% [95% CI, 7.1%-10.7%]). The  4.2%-19.9%]), indirect maternal complications due to a pre-
health conditions with the highest annual spending growth  existing condition (10.8% [95% CI, 4.6%-18.2%]), and mul-
paid by private insurance and at least an estimated $10 bil-  tiple sclerosis (10.8% [95% CI, 7.5%-14.3%]).
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Figure 5. Estimated Health Care Spending by Payer and Type of Care in 2016

Public insurance

Private insurance

Out-of-pocket payments

1 Diabetes ($55.4 billion)

[ 1 Low back and neck pain ($76.9 billion) |

[ 2 Ischemic heart disease ($48.2 billion) |

2 Other musculoskeletal disorders ($73.3 billion)

3 Other musculoskeletal disorders ($46.9 billion)

\ 3 Pregnancy and postpartum care ($52.8 billion) \

/ [2 Well dental ($21.1 billion) |
[ 3 Dementias ($19.4 billion) |

\ 4 Low back and neck pain ($45.3 billion) \

[ 4 Skin and subcutaneous diseases ($49.3 billion) |

[ 5 Hypertension ($44.9 billion) ]

5 Diabetes ($49.1 billion)

\ 4 Low back and neck pain ($12.4 billion) \
[ 5 Falls ($11.9 billion) |

\

\ 6 Dementias ($44.4 billion) \

[ 8 Falls ($40.7 billion) |

[ 11 Skin and subcutaneous diseases ($29.8 billion) |

\ 11 Skin and subcutaneous diseases ($6.0 billion)

\ 8 Ischemic heart disease ($37.9 billion) \ 6 Other musculoskeletal disorders ($9.7 billion)
J
[ 9 Falls ($34.8 billion) [/ 8 Diabetes ($6.7 billion)

~

[ 12 Well dental ($32.9 billion) |

[ 23 Pregnancy and postpartum care ($14.9 billion) | -

[ 15 Hypertension ($28.9 billion) |

\ 19 Pregnancy and postpartum care ($3.6 billion)

[ 47 Well dental ($6.5 billion) |

[ 29 Dementias ($15.4 billion) |

|
[12 Hypertension ($5.2 billion) |
|
|

\ 21 Ischemic heart disease ($3.2 billion)

Reported in 2016 US dollars. The 11 conditions that were in the top 5 for 1or more payers are depicted with the top 5 in the gray shaded box. Numbers to the left
of each entry represent the rank for that payer. The solid lines join the health conditions by payer.

The health conditions with the highest annual spending
growth paid by out-of-pocket payments and at least an esti-
mated $10 billion in spending in 2016 were hemoglobinopa-
thies and hemolytic anemias (18.3% [95% CI, 7.7%-23.7%]),
non-Hodgkin lymphoma (12.7% [95% CI, 8.8%-15.8%]), and
rheumatoid arthritis (11.2% [95% CI, 7.8%-14.7%]). Between
1996 and 2016, 108 of the 154 (70.1%) health conditions in-
creased their spending after adjusting for population growth
and aging.

|
Discussion

After adjusting for increases in population size and the aging
population, 108 of 154 health conditions had spending in-
creases between 1996 and 2016. After adjusting for these fac-
tors, it was estimated that spending increased at an annual-
ized rate 0f 2.9% (95% CI, 2.9%-2.9%) for publicinsurance, 2.6%
(95% ClI, 2.6%-2.6%) for private insurance, and 1.1% (95% CI,
1.0%-1.1%) for out-of-pocket payments. By 2016, the propor-
tion of total health spending was 42.6% (95% CI, 42.5%-
42.6%) accounted for by public insurance, 48.0% (95% CI,
48.0%-48.0%) by private insurance, and 9.4% (95% CI, 9.4%-
9.4%) by out-of-pocket payments.

In 2016, there was more health care spending on low back
and neck pain, other musculoskeletal disorders, diabetes,
ischemic heart disease, and falls than other health condi-
tions. The health conditions with the highest public insur-
ance spending were diabetes and ischemic heart disease; the
health conditions with the highest private insurance spend-
ing were low back and neck pain and other musculoskeletal
disorders; and the health conditions with the highest out-of-
pocket payments were oral disorders and well dental. These
estimates have the potential to augment the understanding of
what health conditions are leading to spending for each payer,
as well as to allow for population- and age-adjusted compari-
sons of spending across time for each payer.2-24

Several of the health conditions with the highest spend-
ing have had substantial spending increases over the past 2

jama.com

decades. Of the 5 health conditions with the highest spend-
ingin 2016, low back and neck pain and diabetes had the high-
est increases (in absolute terms). The health condition of low
back and neck pain is especially notable because the majority
of the modeled spending (57.2% [95% CI, 52.2%-61.2%]) was
paid by private insurance and a relatively large fraction of the
spending was associated with working-aged adults. Al-
though the spending on low back and neck pain increased by
6.7% (95% CI, 6.1%-7.4%) annually between 1996 and 2016, the
number of prevalent cases increased by only 1.1% annually and
the health burden (measured using disability-adjusted health-
years) increased by only 1.3% annually.?® This finding is par-
ticularly concerning given efforts to reduce testing for uncom-
plicated acute low back pain and the lack of data demonstrating
that newer therapies are any more effective than traditional
low-cost treatments.26-28

Spending on dementias and diabetes also increased substan-
tially. For example, spending on dementiasincreased from an es-
timated $38.6 billion (95% CI, $34.1billion-$42.8 billion) in 1996
toan estimated $79.2 billion (95% CI, $67.6 billion-$90.8 billion)
in 2016. Spending on dementias is likely to continue to increase
asbaby boomers age into the years most affected by the disease.
Spending on diabetes also increased, with the recent growth
fueled by increases in pharmaceutical spending.?!

In addition, some of the health conditions with the high-
est changes in health care spending were also those that had
an introduction of specialty drug treatment within the course
of the current study, including hepatitis, rheumatoid arthri-
tis, multiple sclerosis, and osteoarthritis. Collectively, it is es-
timated that specialty drugs contributed to 43% of net phar-
maceutical spending across all health conditions despite only
being 2% of the volume in 2016.%°

This study assessed health care spending, which for many
reasons differs from actual health system costs. In some cases,
individuals do not have the resources to pay for their care (such
as those who lack insurance or who have insurance but can-
not pay their insurance deductible or co-pay). It was esti-
mated that $74.9 billion of the health care costs in 2013 were
foruncompensated care received by those without insurance.*°
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Figure 6. Estimated Health Care Spending by Payer and Type of Care and Across Time
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In other cases, insurance reimbursements are not suffi-
cient to cover the full cost of care. These payments are consid-
ered underpayments. One published estimate suggested that
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$68.8 billion in Medicare and Medicaid underpayments ex-
isted for hospitals alone in 2016. To offset losses, clinicians and
health care entities apply for federal and state grants that serve
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as supplemental payments.>° In the current study, the focus was
on tracking actual spending (rather than service costs) and the
grants were included as public insurance spending and disag-
gregated proportional to other financing with government
spending. However, it is unclear if the health condition, age
group, and sex distribution for this spending actually reflects
regular health care spending paid by public insurance.

In the current study, spending was attributed to the en-
tity that managed the spending rather than the originating
source of the resources. This classification aligns with US gov-
ernment accounting in the National Health Expenditure Ac-
counts, and means that all employer-sponsored insurance,
even ifthe employer was the government, was classified as pri-
vate insurance. This spending includes federal employee health
benefits, which covered between 72% and 75% of each fed-
eral employee’s premiums. Even though this insurance con-
sists of more than 250 privately managed plans, the govern-
ment pays a major portion of these premiums.>!

In addition, employer-sponsored private insurance, which
is heavily subsidized by the government through preferential
tax status, was considered as private insurance spending in this
study. Recent studies suggest that these subsidies accounted
for $146 billion of health care costs in 2017.32 These subsidies
are indirect contributions from the government and provide
further explanation as to why these estimates do not account
for the health care system’s entire effect on the government.

This study does not provide information about who should
pay for US health care. Decades of health policy debate reflect
the lack of consensus on this issue. Reinhardt, a health econo-
mist, asserted for years that these debates are an inability for
society to agree “to what extent should the better-off mem-
bers of American society be made to be their poorer and sick
brothers’ and sisters’ keepers in health care”** Although the gov-
ernment and private insurance fund the majority of health care
in this country, the 9.4% (95% CI, 9.4%-9.4%) that is financed
by out-of-pocket payments (in 2016) is not distributed evenly
orin accordance to individuals’ ability to pay. Even though the
findings from this study cannot answer who should pay for
health care, the data and analysis help to contextualize this de-
bate moving forward by demonstrating payer trends over time.

This study improves on previous reports and has several
strengths. In addition to disaggregating spending by type of
payer, these new estimates expand and improve on prior pub-
lished estimates from this team®”-® in several key ways: (1) the
estimates extend 3 additional years through 2016, (2) addi-
tional data sources were used to improve the precision of the
estimates, (3) all the methods have been updated and im-
proved, and (4) spending on government administration and
the net cost of insurance programs has been included.

The major improvements regarding the data and meth-
ods focused on nursing care facility stay, ED care, specialty
drugs, and dementias. In addition, the methods used to com-
bine information from different data sources were improved,
including to map conditions across differing ICD codes and to
generate comparable estimates across time and age for each
health condition and sex.

The estimates reported in this article may inform a diverse
set of government agencies and private organizations, such as
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the Bureau of Economic Analysis, which has produced similar,
yet distinct research using a different accounting framework.
These more granular breakouts provide information about one
of the largest and fastest growing segments of the economy.

The strengths of this study relative to existing DEX re-
search are the inclusion of spending categorized by payers and
the extension of existing estimates to 2016, both of which pro-
vide valuable context for evaluating the changes in the US
health care system and continuing policy debates about the
restructuring of the health insurance market. In addition, these
are the first estimates, to our knowledge, to disaggregate the
administrative costs of insurance across health conditions and
key patient demographics. These estimates also identify which
payer faces the highest burden of spending for a given dis-
ease and for each age group. These estimates also provide in-
sight into how spending has changed across time for each payer
before and after adjusting for changes in population size and
age and can provide informative context for ongoing efforts
to evaluate programs and constrain spending.

Limitations

This study has several limitations. First, the data used in this
study are imperfect. For example, the MEPS and other data
sources exclude active military personnel, incarcerated indi-
viduals, and homeless individuals. Similarly, the payers with
the highest spending for each health condition may have been
underrepresented in the survey data due to the infrequency
in which these cases occur. Furthermore, the many statistical
adjustments and modeling necessary to complete this study
are only as strong as the underlying data. Ongoing invest-
ment in all-payer claims data or expansion to existing sur-
veys would be valuable additions for improving the accuracy
and tracking of health care spending and outcomes.

Second, although this study broadens the analysis timeline
and augments prior work by disaggregating spending by payer,
itwas unable to delineate spending by geographicregion, income,
race, or education level, which are characteristics that would help
inform health policy. In addition, the study did not provide granu-
lar and potentially distinct spending trends associated with the
2 major government insurance programs, Medicare and Medic-
aid, that comprise the majority of the public insurance payer
group. Future analyses should assess spending trends by health
condition for each of these different programs.

Third, this study cannot make any claims regarding the ef-
ficiency and effectiveness of these spending amounts and
whether the trends are best suited in meeting national objec-
tives to optimize the value of health care spending overall. More
research is needed to make these judgements, including match-
ing health condition-specific and enrollee-specific health out-
comes with these spending estimates.

Fourth, this study spans 1996 through 2016. Even though
21yearsisalonger period than previously available for assess-
ing spending by health condition, these estimates are, at the
time of publication, 3 years out of date. When the research was
conducted (summer of 2019), the MEPS and the National Health
Expenditure Accounts were the only data sources that pro-
vided 2017 data and these sources were not deemed suffi-
cient to make comprehensive estimates for 2017.
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Conclusions

Estimates of US spending on health care showed substantial
increases from 1996 through 2016, with the highest increases
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