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OBJECTIVE

Weexamined changes in glucose-loweringmedication spending and quantified the
magnitude of factors that are contributing to these changes.

RESEARCH DESIGN AND METHODS

Using theMedical Expenditure Panel Survey, we estimated the change in spending
on glucose-lowering medications during 2005–2007 and 2015–2017 among adults
aged ‡18 years with diabetes. We decomposed the increase in total spending
by medication groups: for insulin, by human and analog; and for noninsulin,
by metformin, older, newer, and combination medications. For each group, we
quantified the contributions by the number of users and cost-per-user. Costs were
in 2017 U.S. dollars.

RESULTS

National spending on glucose-lowering medications increased by $40.6 billion
(240%), of which insulin and noninsulin medications contributed $28.6 billion (169%)
and$12.0 billion (71%), respectively. For insulin, the increasewasmainly associated
with higher expenditures from analogs (156%). For noninsulin, the increase was a
net effect of higher cost for newermedications (188%) anddecreased cost for older
medications (234%). Most of the increase in insulin spending came from the
increase in cost-per-user. However, the increase in the number of users contributed
more than cost-per-user in the rise of most noninsulin groups.

CONCLUSIONS

The increase in national spending on glucose-lowering medications during the past
decade was mostly associated with the increased costs for insulin, analogs in
particular, and newer noninsulin medicines, and cost-per-user had a larger effect
than the number of users. Understanding the factors contributing to the increase
helps identify ways to curb the growth in costs.

Diabetes imposes a substantial economicburdenon thenational health care system in
theU.S. Itwas themost costly conditionamongcommonhealth conditions in2013 (1).
The direct medical costs attributable to diabetes doubled from 2007 to 2017, from
$116 billion to $237 billion (2,3). Of all the service components of total medical costs
for diabetes, the incremental expenditure on medications increased at a higher rate
than other components, and its share increased from 27% in 1987 to 41% in 2011 (4).
The financial burden of glucose-lowering medications becomes a great concern to
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patients, payors, and policymakers and
can possibly cause adverse health out-
comes for patients and negatively affect
the health care system.
Many factors could have influenced

the rising national spending on glucose-
lowering medications. First, the number
of medicines available for diabetes in-
creased over time, especially after 2005
(5). By 2011, there were 13 classes of
glucose-lowering medicines, and several
new medicine classes were in develop-
ment (6). Second, thepricesofneweroral
medications and newer forms of insulin
also went up, increasing higher than the
old ones. For example, the list price per
tablet of dipeptidyl peptidase 4 inhibitors
(DPP-4) increased from $6.67 to $8.92
from 2006 to 2013, and the average list
price per milliliter of insulin increased
from $4.34 to $12.92 from 2002 to 2013
(7). Third, the number of people taking
glucose-lowering medications also in-
creased. In 2003, 13.2 million adults filled
prescriptions for glucose-lowering med-
ications from commercial pharmacies.
The number increased to 18.8 million in
2012 (8).
However, how these factors contrib-

uted to the increase in national spending
on glucose-lowering medications is not
well understood. Our study’s goals were
to 1) estimate the increase in national
spending for glucose-lowering medica-
tions from 2005–2007 to 2015–2017 in
total and by medication groups and 2)
quantify the contribution of each med-
ication group, the number of users, and
cost-per-user to the increase. Exploring
the magnitude of contributions for each
factor helps identify targeted interven-
tions to slow down the rising cost of glucose-
lowering medications.

RESEARCH DESIGN AND METHODS

Data Source and Study Sample
Data were from theMedical Expenditure
Panel Survey (MEPS), a nationally repre-
sentative survey for the civilian nonin-
stitutionalized population in the U.S.(9).
The MEPS contains rich information on
health conditions, health care service
use, and health costs. To identify persons
with diabetes, we used the MEPS full-
year consolidated files, which contained
person-level data within a calendar year.
Physician’s diagnoses of diabetes were
self-reported by participants. Each per-
son was then linked to his or her use
records of prescribed medicines.

Data on prescription medications were
collected from both in-person interviews
andpharmacies’purchasing records (10).
Survey participants reported all pre-
scribed medicines they purchased. With
written permission to release their phar-
macy records, further information on
medications, such as medication name,
number of refills, national medication
code, and costs, was collected directly
from their pharmacies. Medication costs
reflected the actual payment received for
each refill, which was the sum of out-of-
pocket (OOP) payments and payments
made by private and public health in-
surances (10).

The study sample consisted of adults
aged$18 years with diabetes who used
glucose-lowering medications. To increase
the sample size, we pooled data from
three consecutive years during 2005–
2007 and during 2015–2017 and prop-
erly weighted all estimates to account
for the survey design so that estimates
represent the average yearly values in
each period.

Medication Classification
Glucose-lowering agents were catego-
rized into medication groups by using
the Multum Lexicon therapeutic class
codes inMEPS.Wefirst grouped glucose-
lowering medicines into insulin and non-
insulin. Among insulin, we identified
analog insulin and human insulin using
the generic (or biosimilar) names of the
medications. Among noninsulin, we grouped
agents intometformin, oldermedications
(sulfonylureas, thiazolidinediones, a-
glucosidase inhibitors, and meglitinides),
newermedications (DPP-4,amylinanalog,
glucagon-like peptide 1 receptor agonists
[GLP-1], and sodium–glucose cotransporter
2 inhibitors [SGLT2]), and combination
medications. A combination medication
is a single pill with a fixed-dose combi-
nation of two or more active pharmaceu-
tical ingredients.We separatedmetformin
from other noninsulin medications be-
cause it is the most used and recom-
mended first-line medication for the
treatment of type 2 diabetes (T2D) (11).

Estimating National Costs and
Increases
We estimated the national spending on
glucose-lowering medications, in total
and by medication group, for two peri-
ods, 2005–2007 and 2015–2017. The
annual national cost was calculated in

the following steps. First, we estimated
the proportion of users for each of the
medication groups fromMEPS data. Sec-
ond, we derived the number of users for
each medication group by applying the
proportion of users to the U.S. resident
population estimates from the U.S. Cen-
sus Bureau for people aged $18 years
(12). Third, we calculated the cost-per-
user for each medication group from
MEPS. Finally, we multiplied the number
of users and costs-per-user to estimate
the expenditures for medication groups
and added them together to obtain the
total national glucose-lowering medica-
tion spending. The increase in the costs
of glucose-lowering medications was the
percentage change between 2005–2007
and 2015–2017. All costswere inflated to
2017 U.S. dollars using the gross domes-
tic product price index (13).

Breaking Down the Increase in
Medication Spending
To examine themagnitude of each factor
leading to an increase in total spending,
we used a full decomposition method,
which is commonly used to assess spend-
ing growth between two periods (14).
Thecontribution tocostgrowthofagiven
factor was assessed by determining how
much would have changed if only one
factor changed while other factors re-
mained constant. Thus, the contribution
or share of the given factor represents a
percentage point increase in total med-
ication cost (see the Supplementary
Material for details). Using the decom-
position method, we evaluated the mag-
nitude, in percentage points, of each
factor to explain the increase in total
spending. Specifically, we separated the
growth in cost for eachmedication group
into the contributions of the number
of users, cost-per-user, and their com-
bined effect. The contribution of one
medication group to the total medica-
tion cost was the sum of the effects of
the three components within the med-
ication group.

To understand who bore the increase
in medication costs during the study
period, we broke down cost-per-user by
the source of payment for OOP, Medi-
care, Medicaid, private insurance, and
others (Veterans Health Administration, TRI-
CARE, Indian Health Service, workers’ com-
pensation, and othermiscellaneous sources).
We estimated both the amount and pro-
portion paid by each payment source and
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used a t test to examine the statistical
significance of the difference between
the two time points for each source.

RESULTS

The study population included .5,000
individuals in each study period. Supple-
mentary Table 1 provides sample char-
acteristics. Compared with individuals in
2005–2007, those in 2015–2017 were
older, more likely to be Hispanic than
non-Hispanic, less likely to be married,
more likely to be high school graduates
or have a college education, and more
likely to have public insurance.

Changes in National Spending, the
Number of Users, and Cost-per-User
During 2005–2007 and 2015–2017, the
annual national cost for glucose-lowering
medications increased from $16.9 billion
to $57.6 billion, representing a 240%
increase (Table 1). Although the costs
for both insulin and noninsulin medi-
cines increased considerably, total insu-
lin spending increased sixfold, whereas
total noninsulin spending doubled. Be-
cause of the larger cost growth in insulin,
the total cost for insulin surpassed the
total cost for noninsulin during 2015–
2017. Within the insulin category, the
increase in the total cost of analog insulin
was seven times the increase in human
insulin. Among noninsulin medicines, to-
tal costs for newer medications increased
by 17-fold, whereas total costs for older
medications decreased by 80%.

In addition, both the number of users
and cost-per-user increased, although at
different rates. For insulin, the cost-per-
user increased more than the number
of users. For noninsulin medicines, both
the number of users and cost-per-user
increased by ;40%. Within the insulin
category,whilemorepatientsused insulin
in general, the numberofusers for human
insulin decreased. Among noninsulinmed-
icines, newer medicines experienced an
increase in both the number of users and
cost-per-user, while metformin had more
users but lower cost-per-user.

Contribution by Medication Groups
Of the $40.6 billion (240%) increase in
total medication spending, two-thirds
was from insulin (Fig. 1). Within the
insulin category, 156 percentage points
of the 169 percentage-point increase in
the cost of all insulins was from analog
insulin. Within the noninsulin category,
the $12.0 billion (71 percentage points)
increase in total medication cost was
the net result of a 34 percentage-point
decrease in older medication spending,
an 88 percentage-point increase in newer
medicines, and a 15 percentage-point
increase in combinationmedications.Met-
formin had a small effect on total cost
change.

Contribution by the Number of Users
and Cost-per-User
The contributions of the number of users
and cost-per-user differed between in-
sulin and noninsulin medicines (Table 2).

For insulin, the cost-per-user had a larger
effect on spending than the number of
users for all insulin groups. In particular,
the contribution of the number of users
was negative to human insulin. For non-
insulin medicines, cost-per-user had a
slightly larger effecton spending than the
number of users overall. However, the
effect of the cost-per-user was negative
for metformin and older noninsulin med-
icines. For newer noninsulin medicines,
which contributed the majority of the
spending increase fornoninsulinmedicines
overall, the effect of the number of users
was three times that of cost-per-user.

Source of Payment
Changes in the cost-per-user by payment
source are presented in Table 3. Most of
the increase in medication costs between
2005–2007 and 2015–2017was borne by
payors, especially by Medicare. In con-
trast, the amount of OOP payment did
not change substantially. Furthermore,
the proportion of the cost-per-user paid
byOOP fell significantly for allmedication
groups except analog insulin.

CONCLUSIONS

From 2005–2007 to 2015–2017, the
national total annual cost for glucose-
lowering medicines more than tripled;
insulin added mostly to the increase. The
main contributing factor of the total spend-
ing increase for insulinwasa shift toanalogs
and an increase in costs-per-user. Further-
more, increased use of newer noninsulin
medicines had a large effect on increases in
total noninsulin medication spending.

Our estimates ofmultifold increases in
total glucose-lowering medication spend-
ing, especially total insulin spending, are
consistent with previous studies that
documented a rising trend of total costs
for glucose-lowering medicines during
the past two decades. Previous studies
found that the total cost for insulin tri-
pled from 1997 to 2007 (15), and the per
capita cost for insulin tripled from 2002
to 2013 in the U.S. (7). With the de-
composition method, our study extends
existing knowledge by quantifying that
three-quarters of the increase in total
medication cost from 2005–2007 to 2015–
2017 was associated with insulin, specif-
ically analog insulin.

For insulin, our estimates showed that
cost-per-user accounted for a larger
share of the spending increase than the
number of users. Previous studies have

Table 1—Changes in the total cost, the number of users, and cost-per-user for
glucose-lowering medicines from 2005–2007 to 2015–2017 (costs are in 2017 U.S.
dollars)

Total cost
(in millions)

Number of users
(in thousands) Cost-per-user

2005–2007 2015–2017 2005–2007 2015–2017 2005–2007 2015–2017

All medications 16,944 57,557 15,318 21,106 1,106 2,727

Insulin 4,723 33,323 4,333 7,303 1,090 4,562
Human 1,692 3,846 3,325 2,239 509 1,718
Analog 3,031 29,476 1,957 5,859 1,549 5,031

Noninsulin 12,221 24,234 13,262 17,997 922 1,346
Metformin 2,957 3,286 7,969 13,690 371 240
Older

noninsulin* 7,299 1,466 9,090 7,049 803 208
Newer

noninsulin† 864 15,840 657 4,322 1,316 3,665
Combinations‡ 1,101 3,643 1,641 1,474 671 2,471

*Older noninsulinmedications include sulfonylureas, thiazolidinediones,a-glucosidase inhibitors,
andmeglitinides.†Newernoninsulinmedications includeDPP-4, amylin analog, GLP-1, and SGLT2.
‡A combination medication is a single pill with a fixed-dose combination of two or more active
pharmaceutical ingredients.
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found that the unit list price of insulin
grewfast, and it related toanexponential
increase inMedicaid reimbursement and
patients’ OOP cost (7,16,17). Our esti-
mates further showed that the national
spending on insulin increased consider-
ably and that cost-per-user was a big
contributing factor in insulin spending.
We also found that a change in medica-
tion choice (i.e., decreased use of human
insulin and increased use of analog in-
sulin) may have played a role in the
spending increase. Previous studies sug-
gested such a shift as one of the reasons
for the rapid growth in insulin spending
(17–19). We quantified that the contri-
bution of the share of analog insulin was
12 times the contribution of the share
of human insulin to the increase in over-
all insulin spending. Within analogs, the
contribution of basal insulin was slightly

larger than the contribution of rapid-
acting insulin (Supplementary Table 2).

For noninsulin medicines, the number
of users had a larger effect than the cost-
per-user for most noninsulin medication
groups. There aremanypossible reasons.
First, the increase in the number of users
could be a natural consequence of the
increase in both the prevalence of di-
abetes and the proportion of patients
with diabetes taking noninsulin medi-
cines. From2006 to 2015, the prevalence
of diagnosed diabetes increased from
5.6% (16 million) to 9.3% (23 million)
(12,20). Alongside this trend, the total
number of prescriptions from commer-
cial pharmacies for noninsulin medicines
increased by one-third, from 89 million
to 121 million, between 2003 and 2012
(8). Second, the benefit of metformin is
better understood, and its use is more

commonamongpatientswithT2D in recent
years. As the first-line medication for T2D
recommended by the American Diabetes
Association, the use of metformin doubled
from 2003 to 2012 (8). Third, newer non-
insulin medicines, including DPP-4, GLP-1,
and SGLT2, are being used more fre-
quently nowadays than following their
first introduction to the market (8).

The high cost of glucose-lowering
medicines could lead to adverse health
outcomes. In the U.S., nearly a quarter of
patients with diabetes encounter cost-
related insulin underuse (17). Studies
have shown that a reduction in medica-
tion adherence results in poor glycemic
control and increased hospitalization
(21). The effect of medication costs on
patients extends beyond health conse-
quences, because many insulin under-
users also report going into financial debt
or cutting back on living expenses to pay
for their medications (22).

Addressing the affordability of insu-
lin is a complex issue. Since we found
thatmedication choice and cost-per-user
were important contributing factors to
insulin cost, health care providers may
consider the use of less expensive in-
sulins when medically appropriate. The
American Diabetes Association recom-
mended that health care providers could
consider prescribing human insulin in-
stead of analogs for most patients with
T2Dwho have a low risk of hypoglycemia
(11,23). One study found that substitu-
tion of analogs with human insulin re-
duced insulin costs considerably among
Medicare beneficiaries in 2 years (24).
Another study found that switching from
extended-release insulin to immediate-
release insulin when they are thera-
peutically equivalent could also reduce
insulin costs (25). Certainly, amedication
regimen should bemade primarily based
on clinical benefits, and such a decision
should not be focusing exclusively on cost
consideration.

The rising cost of insulin is also at the
center of policy discussion. Previous stud-
ies have proposed various potential sol-
utions such as increasing competition by
introducing more generic (or biosimilar)
forms of insulin to the market and reg-
ulating the pricing mechanism through
enhancing the transparency of the insu-
lin market and simplifying the supply
chain (26,27). Policies aimed at address-
ing these issues could reduce insulin
prices considerably.

Figure 1—Contribution (in percentage points and dollar values in 2017 U.S. dollars, billions) of
medication groups to the increase in total glucose-lowering medication spending, 2005–2007 to
2015–2017. *Older noninsulin medications include sulfonylureas, thiazolidinediones, a-glucosidase
inhibitors, andmeglitinides. †Newer noninsulinmedications include DPP-4, amylin analog, GLP-1,
andSGLT2.‡Acombinationmedication is a singlepillwith afixed-dosecombinationof twoormore
active pharmaceutical ingredients.

Table 2—Contribution (in percentage points) of the number of users and cost-per-
user to the increase in glucose-lowering medication spending, 2005–2007 to
2015–2017

Number of users Cost-per-user Combined effect*

Insulin 19 89 61
Human 23 24 28
Analog 36 40 80

Noninsulin 26 33 12
Metformin 13 26 24
Older noninsulin† 210 232 7
Newer noninsulin‡ 28 9 51
Combinations§ 21 17 22

*Combined effect represents the interaction of the changes in number of users and cost-per-user.
†Older noninsulinmedications include sulfonylureas, thiazolidinediones,a-glucosidase inhibitors,
andmeglitinides.‡Newernoninsulinmedications includeDPP-4, amylin analog, GLP-1, and SGLT2.
§A combination medication is a single pill with a fixed-dose combination of two or more active
pharmaceutical ingredients.
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For noninsulin medications, although
newer medicines, such as SGLT2 inhib-
itors and GLP-1 receptor agonists, have
been associatedwith cost increases, they
may have clinical advantages. Recent car-
diovascular trials suggested cardiovascu-
lar benefits of SGLT2 inhibitors and GLP-1
receptor agonists in patients with T2D
and cardiovascular disease or chronic
kidney disease (28–30). While the avail-
ability of newer medications increases
treatment choices, the decision of the
regimen needs to consider both the po-
tential benefits and also costs of medi-
cations, especially for patients with high
OOP payments.
Another noteworthy solution to the

rising medication costs lies in the efficient
communication between physicians and
patients. Physicians make their prescrip-
tion decisions by consideringmore of the
clinical benefits of medications than the
cost of medications (31). Patients, even
those with financial difficulties to pay
for their medications, hesitate to discuss
cost issues with their providers (22).
Transparency about the cost burden of
medication selection in discussions be-
tween physicians and patients could have
profound implications for lowering medi-
cation costs (22,27).

Compared with the U.S., many other
high-income countries have much lower
medication costs. One study found that,
on average, the U.S. spent four times
more on noninsulin medications for per-
sons with diabetes in 2015 than other
high-income countries, such as Australia,
Canada, France, and the U.K. (32). One of
the reasons for the difference is that
medication prices are highly regulated in
these countries. For example, New Zea-
landmaintains relatively lowmedication
prices via negotiated and competi-
tive national supply contracts (32). The
U.K. entails critical reviews of the cost-
effectiveness of new medications be-
fore the approval of these medications
for public reimbursement. Some other
countries adopt a single-payor system
that has stronger consolidated bargain-
ing power at medication prices com-
pared with payors in the U.S. (32). These
policies have effectively curbed the rising
medication costs in these countries. In
contrast, the U.S. has no nationwide
policies to constrain medication costs.
However, some states have begun to
implement relevant policies. Colorado,
for example, was the first state to pass a
bill to cap themonthly copay of insulin at
$100 in 2019 (33). We expect that more

states will enact similar policies to shield
patients from rising medication costs.

Future studies are needed to explore
the in-depth causes and implications of
rising medication costs. For example,
future studies can investigate the un-
derlying factors that have caused the
increasing cost-per-user, such as how
much of the increase was due to adher-
ence or dose, to changes in the unit price
of medications, and to a switch from
cheaper to more expensive medications.
Moreover, it is also interesting to see
whether using newer agents at a higher
cost leads to better glucose control and
a reduction in diabetes complications
or hospitalization costs. At the national
level, there is no clear evidence that
glucose control has been improved over
time (34,35). Rates of acute myocardial
infarction and stroke in persons with
diabetes have been stable since 2010
after a long-time improvement,while the
rate of diabetes-related lower-extremity
amputation increased after 2010 (36,37).
Studies are needed to examine whether
the use of newer glucose-lowering medi-
cations is cost-effective. In addition, future
studies can explore who bears the financial
burden of the increasedmedication spend-
ing and what is the implication to patients,

Table 3—Changes in amount and proportion paid by different sources for the average annual cost-per-user

2005–2007 2015–2017

OOP Medicare Medicaid Private insurance Other OOP Medicare Medicaid Private insurance Other

Amount (2017 US$)

All medication 347 236 98 357 68 249* 1,094* 223* 978* 183*

Insulin 342 232 112 324 80 364* 1,979* 445* 1,442* 332*
Human 215 98 52 90 53 187* 1,019* 136* 251 125*
Analog 392 347 159 563 87 382* 2,077* 503* 1,702* 367*

Noninsulin 290 197 76 306 53 145* 480* 81 561* 80*
Metformin 140 61 22 121 26 25* 71 20 110 13
Older noninsulin† 237 189 80 250 48 35* 81* 11* 61* 20*
Newer noninsulin‡ 289 306 14 696 12 354* 1,418* 213* 1,507* 174*
Combinations§ 229 128 59 226 30 332 652* 122 1,119* 246*

Proportion (%)

All medication 31.4 21.3 8.9 32.3 6.1 9.1* 39.9* 8.1* 35.6* 6.7*

Insulin 31.4 21.3 10.3 29.7 7.3 8.1* 43.8* 9.9* 31.9* 7.4*
Human 42.3 19.3 10.2 17.7 10.4 11.3* 61.5* 8.2* 15.1* 7.5
Analog 25.3 22.4 10.3 36.4 5.6 7.6 41.1* 10.0* 33.7* 7.3*

Noninsulin 31.5 21.4 8.2 33.2 5.7 10.7* 35.5* 6.0* 41.4* 5.9*
Metformin 37.8 16.5 5.9 32.7 7.0 10.6* 30.1* 8.5* 46.6* 5.5*
Older noninsulin 29.5 23.5 10.0 31.1 6.0 16.7* 38.6* 5.2* 29.0* 9.5*
Newer noninsulin 22.1 23.4 1.1 53.3 0.9 9.6* 38.4* 5.8* 40.9* 4.7*
Combinations 34.1 19.0 8.8 33.6 4.5 12.7* 25.0* 4.7* 42.9 9.4*

*Significantly different (P, 0.05) compared with 2005–2007. †Older noninsulin medications include sulfonylureas, thiazolidinediones, a-glucosidase
inhibitors, andmeglitinides. ‡Newer noninsulinmedications include DPP-4, amylin analog, GLP1, and SGLT2. §A combinationmedication is a single pill
with a fixed-dose combination of two or more active pharmaceutical ingredients.
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payors, and the health care system. Our
crudeanalysis on the sourceof payment for
cost-per-user showed that the increase in
spending on glucose-lowering medications
between 2005–2007 and 2015–2017 was
mainly paid by payors, while the OOP
spending changed little. However, there
might be variations in OOP spending across
subpopulations. Forexample,personswith-
out insurance,most likely from low-income
families, may face a high financial burden
as a result of increased medication costs.
Our study has several limitations. First,

costs were measured as payments in the
analyses, which are payments for each
refill of medication and aggregated at
the person level. The payment reflected
the total amount paid by insurers and
patients, and it might differ from the
amount received by drug manufacturers
due to discounts and rebates. The degree
of the gap is unknown at the national
level due to the lack of information on
discounts and rebates for each medica-
tion. A study that used data for a broad
range of brandedmedications found that
the net prices (i.e., list prices subtracted
discounts) still increased substantially
between2007and2018(38).Futurestudies
canrefineourestimates ifdataondiscounts
and rebates become available. Second, di-
abetes diagnoses were self-reported. How-
ever, MEPS data are proven to be a good
source because disease diagnoses were
confirmed by associated medical events
(39). Third, the decomposition method
does not reveal a causal relationship be-
tween driving factors and rising spending.
Fourth, the full decomposition method
did not remove the effect of population
changes as we broke down total med-
ication spending rather than per capita
medication spending (14,40).
During 2005–2007 and 2015–2017, the

total cost forglucose-loweringmedications
more than tripled. The main contributing
factors to suchan increaseweremoreusers,
ahigher cost-per-user for analog insulin, and
more users of newer noninsulin medicines.
The current study provides data to the
recent national discussion on why med-
ication therapy fordiabetesmanagement
is so expensive. Our findings are useful to
guidepolicies for targeted interventionsto
reduce medication costs for diabetes.
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