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OBJECTIVE

Healthcarespendingondiabetes in theU.S.has increaseddramaticallyover thepast

severaldecades.Thisresearchdescribeshealthcarespendingondiabetestoquantify

how that spending has changed from 1996 to 2013 and to determine what drivers

are increasing spending.

RESEARCH DESIGN AND METHODS

Spending estimates were extracted from the Institute for Health Metrics and

Evaluation’s Disease Expenditure 2013database. Estimateswere produced for each

yearfrom1996to2013foreachof38ageandsexgroupsandsix typesofcare.Dataon

disease burden were extracted from the Global Burden of Disease 2016 study. We

analyzed the drivers of spending bymeasuring the impact of population growth and aging

and changes in diabetes prevalence, service utilization, and spending per encounter.

RESULTS

Spendingondiabetes in theU.S. increased from$37billion (95%uncertainty interval

$32–$42 billion) in 1996 to $101 billion ($97–$107 billion) in 2013. The greatest

amount of health care spending on diabetes in 2013 occurred in prescribed retail

pharmaceuticals (57.6% [53.8–62.1%] of spending growth) followed by ambulatory

care (23.5% [21.7–25.7%]). Between 1996 and 2013, pharmaceutical spending

increased by 327.0% (222.9–456.6%). This increase can be attributed to changes in

demography, increased disease prevalence, increased service utilization, and,

especially, increases in spending per encounter, which increased pharmaceutical

spending by 144.0% (87.3–197.3%) between 1996 and 2013.

CONCLUSIONS

Health care spending on diabetes in the U.S. has increased, and spending per

encounter has been the biggest driver. This information can help policymakerswho

are attempting to control future spending on diabetes.

The prevalence of diabetes in the U.S. increased by 3.4% between 1990 and 2015,

rising from 5.8 to 9.2% (1). If current trends persist, the prevalence of diabetes is

projected to increase significantly, potentially affecting up to one-third of the U.S.

population by 2050 (2).

With increases in diabetes prevalence, U.S. health care spending on the treatment

of diabetes has increased aswell. Although trends in total diabetes spending have been

widely reported (3,4), few studies have examined spending trends at a detailed level. A

study published in 2016 tracked diabetes spending split by age and sex of the patient,

type of care, and time and estimated that spending rose from $37 billion in 1996 to

$101 billion in 2013 (5). Although this study tracked spending on diabetes, less infor-

mationwas available about the drivers of increased health spending on diabetes over
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time. Various drivers have been cited for

their role in increasing overall health

spending in the U.S., including rising

service utilization, growing disease preva-

lence, and increases in the cost of services

(6–9). Someof these driversmay play a role

in diabetes spending growth (4), but no

research to date has quantified the relative

impact of these drivers on diabetes health

spending.

The objective of this research is two-

fold. First, this study describes the most

detailed diabetes spending estimates to

date. Second, it measures the impact of

fivehealthspendingdrivers.Todothis,we

created a data set that incorporates de-

mographic, epidemiologic, health sys-

tem, and spending data to analyze the

relative contributions of key drivers to

increases in health spending, including

population growth, population aging,

disease prevalence, service utilization,

and spending per encounter. Changes in

spending per encounter are the result

of many underlying changes, including

changes in prices and the intensity of

care. By measuring the drivers of in-

creases in diabetes spending for each

ageandsexgroupandtypeofcare,wecan

determine the role of spending drivers in

specific categories.

RESEARCH DESIGN AND METHODS

Data

Theprimarydatasourceforthisstudywas

the 2013 Disease Expenditure (DEX) pro-

ject produced by the Institute for Health

Metrics and Evaluation and published in

2016 (5), which estimates spending on

type 1 and type 2 diabetes together. This

database contains annual estimates of

health spending and volume for 155 con-

ditions, 6 types of care, and 38 age and sex

groups from 1996 to 2013. The six types of

care are inpatient care, ambulatory care,

emergency department care, nursing

facility care, dental care, and prescribed

retail pharmaceuticals. Pharmaceutical

spending reflects only retail pharmaceut-

icals; therefore, drugs provided in a dif-

ferent setting, such as inpatient care, are

not captured in these pharmaceutical

spending estimates. Final estimates are

produced by synthesizing 183 different un-

derlying data sources containing 2.9 billion

individualrecords,whichincludehousehold

surveys, insurance claims, and administra-

tive records. Supplementary Table 1 lists

thedatasourcesusedforestimatingspend-

ing within each type of care.

The DEX project estimates spending on

bothpublicandpersonalhealthcare forall

payers(private,public,andout-of-pocket).

For this study, we focused on personal

healthcarespending,whichaccountedfor

89.5% of total health care spending in the

U.S. in 2013 (5). The six types of care

included in theDEXproject accounted for

84.8%ofpersonal health care spending in

2013. Estimates are reported using in-

flation-adjusted 2015 U.S. dollars.

The DEX project is an advantageous

source for studying diabetes health

spending. First, spending is adjusted pro-

portionately to reflect official U.S. gov-

ernment spending estimates such that

the sum of spending on individual dis-

eases cannotexceedthe total spending in

the country. Second, a comparable esti-

mation method is used across 18 years

and six types of care, allowing for reliable

comparisons among types of care and

across time. Third, the data are stratified

byageandsex,healthcondition, andtype

of care. This level of detailmakes thedata

uniquely valuable for policymakers seek-

ing to target specific groups or types of

care when attempting to contain costs.

Finally, systematic adjustment accounts

for comorbidities (described elsewhere

[10]), which is especially important in the

context of diabetes. This method allo-

catesmoney away fromdiseases that are

accompanied by multiple comorbidities

todiseases that tend tobe comorbidities.

Therefore, the comorbidity adjustment

ensures that spending estimates reflect

spending on the condition rather than on

the primary diagnosis reported in the

data. Because of this adjustment, spend-

ing on diabetes does not include spending

on conditions that tend to be comorbid-

ities of diabetes. For example, if a patient

with diabetes also has a myocardial in-

farction, spending on the myocardial

infarctionwillnotbeconsideredspending

on diabetes.

Toperformadecompositionanalysisof

health spending increases, epidemiologic

and population data from the Global

Burden of Disease (GBD) 2016 study

(1) were combined with the DEX data.

The GBD data included age-specific pop-

ulation estimates and estimates of di-

abetes prevalence (type 1 and type 2

together) for each age-group, sex, and

year in 1990, 1995, 2000, 2005, 2010,

and 2015. The GBD estimates track

disease incidence, prevalence, mortal-

ity, andmorbidity as well as the impact

of behavioral, metabolic, environmental,

and occupational risk factors. Currently,

the GBD makes estimates for 328 diseases

and 195 countries. GBD results are pub-

lically available at www.healthdata.org.

To estimate disease incidence and prev-

alence for these diseases and each age

and sex group in the U.S., 1,604 data

sources were used, including hospital

data, claimsdata, andsurveys.ABayesian

meta-regression tool developed specifi-

cally for the GBD, DisMod-MR, was used

to generate prevalence and incidence

estimates (11). The overall GBD preva-

lence estimates for diabetes (type 1 and

type 2 combined) are comparable to the

Centers for Disease Control and Preven-

tion prevalence estimates (9.3% in 2012

and 9.4% in 2015 vs. 9.1% in 2012 and

9.2% in 2015 for GBD), which are pro-

duced by using a combination of data

sets, including the National Health and

Nutrition Examination Survey (NHANES)

and National Health Interview Survey

(NHIS)(12,13).Weuse theGBDestimates

because of their alignment in disease

mapping between GBD and DEX as well as

for their detailed age categories that match

those used in the DEX project. Epidemio-

logic and population data were logarith-

mically interpolated to fill in the years for

which estimates werenotproduced. Todo

this, we assumed a logarithmic relationship

in prevalence among 1990, 1995, 2000,

2005, 2010, and 2015 and used this re-

lationship to fill in the in-between years

without estimates. This interpolation in-

troduced uncertainty that is not quanti-

fied, although this uncertainty would only

be substantive if considerable short-term

variation exists in national diabetes prev-

alence. Annual estimates from the Cen-

ters for Disease Control and Prevention

have suggested that this is not likely (14).

Statistical Analysis

The statistical analysis comprised two

main components: 1) an analysis of

spending trends and 2) a decomposition

analysis to determine the impact of key

driversofhealthspending.Toperformthe

first part of the analysis, spending esti-

matesfordiabeteswerecomparedacross

ages,sexes,andtypesofcare.Specifically,

wereportaggregatedspending;spending

by type of care, age, and sex in 2013; and

changes in total and annualized spending

and type of care between 1996 and 2013.

Annualized rates of change were calcu-

lated according to Eq. 1:
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Annualized rate of change

¼

"

�

Expenditure2013

Expenditure1996

� 1
17

2 1

#

3 100%

(Eq. 1)

The second component of the statistical

analysiswasademographicdecomposition

to estimate the relative contributions of

five key drivers to increases in diabetes

spending: 1) total U.S. population, 2)

age-sex distribution of the population, 3)

prevalenceofdiabetes,4) serviceutilization,

and 5) spending per encounter. Service

utilization and spending per encounter

are defined differently for different types

of care. Within ambulatory and emergency

department care, utilization is the average

number of visits per prevalent case, and

spending per encounter is the average

spending per visit. Within inpatient and

nursing facility care, utilization is the

average number of bed-days per prevalent

case, and spending per encounter is the

average spending per bed-day. Finally, for

prescribedretailpharmaceuticals,utilization

is the average number of prescriptions per

patient, and spending per encounter is

the average amount spent per prescrip-

tion. Spending per encounter, therefore,

captures any factor that contributes to

increased spending per visit or pre-

scription, including technology. The five

drivers are explained in Table 1.

As shown in Eq. 2, the product of the

five drivers is, by definition, spending:

Spendinga;s;t;y ≡ Popy 3
Popa;s;y

Popy
3
Casesa;s;y

Popa;s;y

3
Encountersa;s;t;y

Casesa;s;y

3
Spendinga;s;t;y

Encountersa;s;t;y

(Eq. 2)

Equation 2 is the basis of the de-

composition analysis because the

decomposition is essentially an ac-

counting method to identify how much

of the change in annual spending can be

attributed to each of the five drivers. In

this equation, Pop represents population;

a, age; s, sex; t, type of care; and y, year.

To measure the impact of each driver, a

decomposition method described by Das

Gupta (15) in 1993 was used. This method

involves the calculation of standardized

rates and the effect of each driver and

is only possible because the product of

the five drivers (Eq. 1) equals spending.

The total change in spending is completely

accounted for by summing the effects of

the five drivers. The decomposition for

our purposes was performed by using an

expanded five-factor decomposition with

adjustments to ensure internal consistency

(described elsewhere [16]). This means, for

example, that the effect of changes in price

andintensityonspendingbetween1996and

1997 and the effect of changes in price

and intensity between 1997 and 1998 will

sum to the effect of changes in price and

intensity for the entire 1996–1998 period.

The decomposition was calculated for each

possiblecombinationofage,sex,typeofcare,

and year, and results were aggregated by

relevant categories. All aggregation and

analyses were conducted independently

for 1,000 independent draws reported by

the DEX and GBD projects. The estimates

reported here are the mean and 2.5th

and 97.5th percentiles. All analyses were

conducted using Stata 13.1 (StataCorp)

and R version 3.3.1 statistical software.

RESULTS

2013 Spending Patterns

Personal health care spending on diabe-

tes in 2013 was $101.4 billion ($96.7–

$106.5 billion). Figure 1 shows that this

spending was not split evenly among the

five types of care included in the study.

The largest amount of money was

spent on prescribed retail pharmaceuti-

cals, which accounted for 57.6% (53.8–

62.1%) of total diabetes spending in 2013.

Ambulatory care was the second biggest

source of diabetes spending, accounting

for 23.5% (21.7–25.7%) of spending in

2013. Inpatientand long-termcareeach

comprised a similar amount of spending

(9.4% [8.5–10.8%] and 9.1% [8.0–10.2%]

of total spending, respectively),whereas a

comparatively small amount of spending

occurred in emergency departments

(0.4% [0.3–0.5%]).

Spending also was not split evenly

across age categories. Diabetes spending

in 2013 was greatest among 55–64-year-

olds (26.1% [24.4–27.8%] of spending)

followed by 65–74-year-olds (22.2%

[20.8–23.6%] of spending) and 45–54-

year-olds (18.2% [17.0–19.6%] of spend-

ing). Approximately one-fifthof spending

occurred in the oldest age categories,

with13.6%(12.6–14.7%)occurring in75–

84-year-olds and 7.0% (6.2–8.0%) in those

85 years and older. When all ages are

included together, females spent slightly

more than males on diabetes in 2013

(50.1% [45.7–53.3%] vs. 49.9% [46.4–53.8%]

of total spending).

Changes in Spending

Changes by Age

Personal health spending on diabetes

increased by $64.4 billion ($57.8–$70.7

billion) from 1996 to 2013. Figure 2A

depicts spending by age category over

time. Spending increased the fastest in

45–64-year-olds, with an annualized rate

ofchangeof6.9%(5.9–7.8%)from1996to

2013. Spending increased the second

fastest in 20–44-year-olds, increasing at

an annualized rate of 6.0% (5.1–7.1%),

followed by those 65 years and older, in

which it increased at an annualized rate

of 5.6% (4.9–6.4%). In absolute terms,

spending grew the most in the 45–64

age-group ($30.4 [$27.0–$33.7] billion)

followed by the 65 and older age-group

($26.2 [$22.9–$29.4] billion).

Changes by Sex

Figure 2B shows that spending differed

slightly by sex and that this relationship

changedover time.Althoughspendingwas

consistentlyhigherfor femalesduringmost

of theperiod, thedifference in spendingby

sex narrowed leading up to 2013 when

spending equalized ($50.8 [$46.3–$54.0]

vs. $50.6 [$47.1–$54.6] billion for females

and males, respectively).

Table 1—Five drivers included in the decomposition analysis

Driver

Data

source Definition

Population growth GBD Total number of people

Population aging GBD Number of people in a given age category

Prevalence of diabetes GBD Numberof prevalent casesof diabetes (type1and type2)

Service utilization GBD, DEX Numberofencounters (visits, prescriptions, etc.) foreach

prevalent case

Spending per

encounter

DEX Amount of money spent per encounter (visits,

prescriptions, etc.)
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Changes by Type of Care

Figure 2C shows that spending on various

types of care did not increase evenly.

Spending on pharmaceuticals increased

the fastest, with an 8.9% (7.1–10.6%)

annualized rate of change. In absolute

terms, this spending increased by $44.4

billion ($38.7–$49.7 billion) between

1996and2013. Pharmaceutical spending

grew especially fast from 2008 to 2013,

increasing at an annualized rate of 9.9%

(6.2–12.9%). Spending in emergency de-

partments increasedat the second-fastest

rate between 1996 and 2013, with a 5.2%

(3.2–7.5%) annualized rate of change,

although the increase in spending was

only $0.2 billion ($0.1–$0.3 billion). Am-

bulatory care spending increased 5.0%

(3.6–6.5%) annually, an increase of

$13.4 billion ($10.5–$16.3 billion).

Table 2 shows that the impact of the

five drivers varied by type of care.Within

prescribed retail pharmaceuticals, which

led to the largest spending increase of all

functions ($44.5 [$38.7–$49.7] billion of

the $64.7 [$58.0–$71.0] billion total in-

crease), each driver led to an increase in

spending (Fig. 3A and B). Spending per

encounter was the biggest contributor,

increasing spending by 144.0% (87.3–

197.3%) between 1996 and 2013. The

other drivers contributed fairly equally to

spending increases in pharmaceuticals.

Increases indiseaseprevalence increased

pharmaceuticalspendingby62.9%(53.5–

72.9%) followed by increases in service

utilization (31.0% [26.5% decrease to

86.2% increase]), population aging (42.3%

[37.1–47.2%]), and population growth

(39.1% [34.3–43.6%]).

Each of the five drivers contributed

positively to spending on ambulatory

care. Prevalence increased spending the

most (42.8% [36.9–49.9%]) followed by

spending per encounter (29.0% [7.6%

decreaseto59.9%increase]),population

aging (29.0% [25.8–32.4%]), population

growth (26.2% [23.6–29.1%]), and ser-

vice utilization (2.6% [17.2% decrease to

20.2% increase]). Spending per encoun-

terwas thebiggest contributor to spend-

ing increases in inpatient care (102.4%

[75.8–141.3%]). Prevalence, population

growth, andpopulationagingallmodestly

increased spending on inpatient care

(by 42.0% [37.5–46.6%], 25.1% [23.7–

26.6%], and 18.4% [17.3–19.5%], re-

spectively), whereas service utilization

decreased inpatient care spending by

82.6% (72.9–91.9%). Service utiliza-

tion also decreased spending on nurs-

ing facility care, whereas prevalence

(42.9%[38.3–48.3%]),populationgrowth

(19.2% [17.6–20.8%]), population aging

(15.6% [13.8–17.5%]), and spend-

ing per encounter (2.3% [11.5% de-

crease to 13.4% increase]) all increased

spending.

Across all types of care, increases in

spending per encounter led to a 76.4%

(51.7–99.0%) increase in spending be-

tween1996and2013.Changes indisease

prevalence, an aging population, and

changesinpopulationsize ledtospending

increases of 50.3% (45.0–56.0%), 29.8%

(27.3–32.1%), and 29.5% (27.3–31.5%)

fromthe1996 level, respectively. Changes

in service utilization did not substantially

affect spending (10.8% decrease [33.4%

decreaseto10.7%increase]).Together,these

fivedrivers ledtothe175.1%(157.1–192.0%)

Figure 1—Spending in 2013 by type of care, age, and sex in 2013 in billions of 2015 U.S. dollars. Each chart adds to the $101.4 billion of health care

spending on diabetes in 2013 captured in this study.
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Figure 2—Spending by age, sex, and type of care from 1996 to 2013 in billions of 2015 U.S. dollars (USD). A: Spending by age over time, with each line

representing a different age-group.B: Spending by sex over time,with each line representing a different sex.C: Spendingby type of care over time,with

each line representing a different type of care. Shaded portions represent 95% uncertainty intervals, and lines represent mean estimates.
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Figure 3—Changes in annual spending attributed to each of the five drivers by type of care, 1996–2013, in billions of 2015 U.S. dollars (USD). Each bar

represents one of the five types of care. The black dot represents total spending change on that type of care between 1996 and 2013, and thewhiskers

represent theuncertainty level for thatchange.Eachcolorcorresponds toadriverandrepresents thechange inspendingattributedto thatdriver.Bars to

the right of 0 represent spending increases and bars to the left of 0 represent spending decreases attributed to the driver. A: USD spending increase

associated with a driver. B: Percent spending increase from 1996 to 2013 associated with a driver. pharma, pharmaceuticals.
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increase in diabetes spending between

1996 and 2013.

CONCLUSIONS

Spending on diabetes increased by $64.4

billion between 1996 and 2013, growing

at an annualized rate of 6.1% to reach

$101.4 billion in 2013. This number is

lower than spending estimates reported

by the American Diabetes Association

($176billionindirectmedicalcosts in2012)

likely because of two primary factors: 1)

the use of a comprehensive analysis

constrained by total health care spending

in the U.S. and 2) a systematic adjustment

for comorbidities. These two components

ensure that spending is not double counted

and more accurately reflects spending on

diabetes itself rather than on associated

comorbidities.

Among all conditions tracked in the

DEXproject, diabetes incurred the great-

est amount of spending in 2013 and in-

creased the most between 1996 and 2013

(5). Thishasbeenaccompaniedby increases

in diabetes prevalence, although this re-

search shows that much of the increase in

spending is due to increased spending per

encounter (leading to a 76.4% increase in

spending between 1996 and 2013). The

evaluationofhowhealthspendingchanges

in response to rising prevalence and other

driversisimportantbecausethiscouldhave

ramificationsfortotalhealthcarespending

in the U.S.

One of the most striking patterns is the

rise in diabetes pharmaceutical spending.

Increases in pharmaceutical spending con-

stituted 69%of the increase in total spend-

ing between 1996 and 2013, and spending

per encounterwas thebiggest driverof this

spending, increasing spending by 144.0%.

Therateof increaseinpharmaceuticalspend-

ingwas especially drastic from2008 to2013,

and research suggests that these upward

trends have continued in more recent years

(17,18).Pharmaceuticalspendingisespecially

important in the context of diabetes. Drug

developmentfordiabetesisactivelyevolving,

and pharmaceutical spending is likely to

change in response. Several emerging trends

in pharmaceuticals for diabetes have had

consequences for diabetes health spending.

The requirement of a cardiac outcomes

trial for all new therapies for diabetes is

likely to raise the cost of bringing drugs to

market (19). Many new agents also have

been released to treat type 2 diabetes

following metformin, many of which

carry ahighmonthly cost (20). In addition,

thepriceof insulinrose197%from2002to

2013, and the price is unlikely to decline

because of generic competition (21). This

may explain the higher spending per

prevalent case among patients younger

than age 20 after 2008 because this age-

group is more likely to have type 1 di-

abetes. In the continuing dialogue over

pharmaceutical price growth, analysis of

the increasing role of pharmacy benefit

managers (22), who may underlie price

growthindiabetesdrugs,alsoisimportant.

The current analysis reveals that a con-

siderableamountofspendingoccursamong

adults 65 years of age and older. Approx-

imately 40%of peoplewith knowndiabetes

in the U.S. are over 65, and the number of

people over 65 with diabetes is expected

to increase 4.5-fold between 2005 and

2050(23).Manyolderadultsareprojected

to eventually develop diabetes as a result

of age effects on pancreas function (24).

Diabetes in older adults is associatedwith

higher mortality, decreased functional

status, and a greater chance of both insti-

tutionalization and long-term complications

(25),whicharecostly.Thecurrentstudyalso

demonstratesthatspendingperpatientwas

high in the oldest age category. With the

numberof older adults increasing, a greater

prevalenceofdiabetes in thispopulation

can have a dramatic impact on spending

increases.

Finally, despite the relevance of phar-

maceutical spending, onemust not over-

look spending in other types of care.

Spending on diabetes in ambulatory care

settings reached $24 billion in 2013, and

spending on inpatient andnursing facility

care reached nearly $10 billion each.

Spending on ambulatory care is an im-

portant point of focus because the num-

ber of office-based physician visits for

patients with diabetes was estimated to

be two to three times higher than for

patients without diabetes (26). Under-

standingwhat is driving increased spend-

ing and deciding whether and how costs

might be reduced in specific care settings

are other important undertakings for

health policy makers.

Despite the strengths of this study,

some limitations exist. Some of the un-

derlying data used in producing the DEX

estimates are from surveys, so it was

necessary to assume that these surveys

were representative of the general U.S.

population. The DEX data also did not

containcertainpiecesof information that

would add richness to the analysis.

Specifically, DEX is not stratified by geo-

graphic, race, payer, or income level be-

cause this informationwasnotavailable in

theprimarydatasourcesusedinthestudy;

these data also could not be stratified by

type 1 and type 2 diabetes. The estimates

also extend only through 2013 as a result

of data availability. More recent estimates

stratified by geographic, primary payer,

and other key variables could improve

the usefulness of spending estimates for

policy makers.

In addition, certain limitations specific

to diabetes data exist. Diabetes is asso-

ciated with numerous health complica-

tions; thus, splitting spending between

the condition itself and its associated

complications is difficult. Similarly, sev-

eral comorbidities are associated with

diabetes, and assignment of spending to

diabetes versus a resulting comorbidity

canbedifficult.Theregression-basedcomor-

bidity adjustment used in the DEX project,

however, reduces the impactof thismeth-

odological complication. Therefore, these

results are a reflection of true spending

on diabetes rather than on all associated

comorbidities.Includingthesewouldlikely

resultinevenhigherestimatesfordiabetes

spending.

Despite these limitations, the current

study provides estimates of diabetes

spendingovertimeaswellasofthe impact

of key drivers on spending increases.With

the prevalence of diabetes drastically in-

creasing in the U.S., having a comprehen-

siveanddetailedunderstandingof spending

patterns is even more important. This in-

formation can be used to project how the

health care system might be affected by

future increases in diabetes and diabetes

spending.

In conclusion, this research adds to the

existing literature aboutdiabetes in theU.S.

by presenting, to our knowledge, the most

detailed picture of health spending to date.

Although previous studies have presented

total spending on diabetes in the U.S., we

based this studyonspendingestimates split

intorelevantcategories.Analyzingspending

patterns by age, sex, and type of care illus-

trates how trends vary across these groups.

Morespecifically,thisresearchdemonstrates

thatspendinggrowth iscausedbyacomplex

setof drivers that vary across timeand types

of care. Although the drivers of diabetes

spending increases vary by category, spend-

ing on retail pharmaceuticals has drastically

increased spending, and this increase has

been largely driven by increased use and
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higherprices. Knowing that thesedrivers are

increasing spending can provide valuable

direction for health policy.
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