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Factors Contributing to the Rising
National Cost of GlucoseLowering Medicines for Diabetes
During 2005–2007 and 2015–2017
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OBJECTIVE

We examined changes in glucose-lowering medication spending and quantiﬁed the
magnitude of factors that are contributing to these changes.
RESEARCH DESIGN AND METHODS

Using the Medical 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 increase was mainly associated
with higher expenditures from analogs (156%). For noninsulin, the increase was a
net effect of higher cost for newer medications (188%) and decreased 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.
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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.
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Diabetes imposes a substantial economic burden on the national health care system in
the U.S. It was the most costly condition among common health conditions in 2013 (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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RESEARCH DESIGN AND METHODS
Data Source and Study Sample

Data were from the Medical Expenditure
Panel Survey (MEPS), a nationally representative survey for the civilian noninstitutionalized 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 fullyear consolidated ﬁles, which contained
person-level data within a calendar year.
Physician’s diagnoses of diabetes were
self-reported by participants. Each person was then linked to his or her use
records of prescribed medicines.

Data on prescription medications were
collected from both in-person interviews
and pharmacies’ purchasing records (10).
Survey participants reported all prescribed medicines they purchased. With
written permission to release their pharmacy 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-ofpocket (OOP) payments and payments
made by private and public health insurances (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 properly 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 categorized into medication groups by using
the Multum Lexicon therapeutic class
codes in MEPS. We ﬁrst grouped glucoselowering medicines into insulin and noninsulin. Among insulin, we identiﬁed
analog insulin and human insulin using
the generic (or biosimilar) names of the
medications. Among noninsulin, we grouped
agents into metformin, older medications
(sulfonylureas, thiazolidinediones, aglucosidase inhibitors, and meglitinides),
newer medications (DPP-4, amylin analog,
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 combination of two or more active pharmaceutical ingredients. We separated metformin
from other noninsulin medications because it is the most used and recommended 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 periods, 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 from MEPS data. Second, 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. Census Bureau for people aged $18 years
(12). Third, we calculated the cost-peruser 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 medication spending. The increase in the costs
of glucose-lowering medications was the
percentage change between 2005–2007
and 2015–2017. All costs were inﬂated to
2017 U.S. dollars using the gross domestic product price index (13).
Breaking Down the Increase in
Medication Spending

To examine the magnitude of each factor
leading to an increase in total spending,
we used a full decomposition method,
which is commonly used to assess spending growth between two periods (14).
The contribution to cost growth of a given
factor was assessed by determining how
much would have changed if only one
factor changed while other factors remained constant. Thus, the contribution
or share of the given factor represents a
percentage point increase in total medication cost (see the Supplementary
Material for details). Using the decomposition method, we evaluated the magnitude, in percentage points, of each
factor to explain the increase in total
spending. Speciﬁcally, we separated the
growth in cost for each medication group
into the contributions of the number
of users, cost-per-user, and their combined effect. The contribution of one
medication group to the total medication cost was the sum of the effects of
the three components within the medication 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, Medicare, Medicaid, private insurance, and
others (Veterans Health Administration, TRICARE, Indian Health Service, workers’ compensation, and other miscellaneous sources).
We estimated both the amount and proportion paid by each payment source and
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patients, payors, and policymakers and
can possibly cause adverse health outcomes for patients and negatively affect
the health care system.
Many factors could have inﬂuenced
the rising national spending on glucoselowering medications. First, the number
of medicines available for diabetes increased over time, especially after 2005
(5). By 2011, there were 13 classes of
glucose-lowering medicines, and several
new medicine classes were in development (6). Second, the prices of newer oral
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 increased. In 2003, 13.2 million adults ﬁlled
prescriptions for glucose-lowering medications from commercial pharmacies.
The number increased to 18.8 million in
2012 (8).
However, how these factors contributed 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 medications from 2005–2007 to 2015–2017 in
total and by medication groups and 2)
quantify the contribution of each medication group, the number of users, and
cost-per-user to the increase. Exploring
the magnitude of contributions for each
factor helps identify targeted interventions to slow down the rising cost of glucoselowering medications.

Zhou and Associates
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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

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 medicines increased considerably, total insulin spending increased sixfold, whereas
total noninsulin spending doubled. Because 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, total 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-peruser 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, while more patients used insulin
in general, the number of users for human
insulin decreased. Among noninsulin medicines, 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 combination medications. Metformin 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 insulin and noninsulin medicines (Table 2).

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)

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 noninsulin medicines, cost-per-user had a
slightly larger effect on spending than the
number of users overall. However, the
effect of the cost-per-user was negative
for metformin and older noninsulin medicines. For newer noninsulin medicines,
which contributed the majority of the
spending increase for noninsulin medicines
overall, the effect of the number of users
was three times that of cost-per-user.

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
Human
Analog

4,723
1,692
3,031

33,323
3,846
29,476

4,333
3,325
1,957

7,303
2,239
5,859

1,090
509
1,549

4,562
1,718
5,031

Noninsulin
Metformin
Older
noninsulin*
Newer
noninsulin†
Combinations‡

12,221
2,957

24,234
3,286

13,262
7,969

17,997
13,690

922
371

1,346
240

7,299

1,466

9,090

7,049

803

208

864
1,101

15,840
3,643

657
1,641

4,322
1,474

1,316
671

3,665
2,471

*Older noninsulin medications include sulfonylureas, thiazolidinediones, a-glucosidase inhibitors,
and meglitinides. †Newer noninsulin medications include DPP-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.

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 2015–2017 was borne by
payors, especially by Medicare. In contrast, the amount of OOP payment did
not change substantially. Furthermore,
the proportion of the cost-per-user paid
by OOP fell signiﬁcantly for all medication
groups except analog insulin.
CONCLUSIONS

From 2005–2007 to 2015–2017, the
national total annual cost for glucoselowering medicines more than tripled;
insulin added mostly to the increase. The
main contributing factor of the total spending increase for insulin was a shift to analogs
and an increase in costs-per-user. Furthermore, increased use of newer noninsulin
medicines had a large effect on increases in
total noninsulin medication spending.
Our estimates of multifold increases in
total glucose-lowering medication spending, 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 tripled from 1997 to 2007 (15), and the per
capita cost for insulin tripled from 2002
to 2013 in the U.S. (7). With the decomposition 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, specifically 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
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The study population included .5,000
individuals in each study period. Supplementary Table 1 provides sample characteristics. 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.
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found that the unit list price of insulin
grew fast, and it related to an exponential
increase in Medicaid reimbursement and
patients’ OOP cost (7,16,17). Our estimates further showed that the national
spending on insulin increased considerably and that cost-per-user was a big
contributing factor in insulin spending.
We also found that a change in medication choice (i.e., decreased use of human
insulin and increased use of analog insulin) may have played a role in the
spending increase. Previous studies suggested such a shift as one of the reasons
for the rapid growth in insulin spending
(17–19). We quantiﬁed that the contribution of the share of analog insulin was
12 times the contribution of the share
of human insulin to the increase in overall insulin spending. Within analogs, the
contribution of basal insulin was slightly

larger than the contribution of rapidacting insulin (Supplementary Table 2).
For noninsulin medicines, the number
of users had a larger effect than the costper-user for most noninsulin medication
groups. There are many possible reasons.
First, the increase in the number of users
could be a natural consequence of the
increase in both the prevalence of diabetes and the proportion of patients
with diabetes taking noninsulin medicines. From 2006 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 commercial 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

Table 2—Contribution (in percentage points) of the number of users and cost-peruser to the increase in glucose-lowering medication spending, 2005–2007 to
2015–2017
Insulin
Human
Analog
Noninsulin
Metformin
Older noninsulin†
Newer noninsulin‡
Combinations§

Number of users

Cost-per-user

Combined effect*

19
23
36
26
13
210
28
21

89
24
40
33
26
232
9
17

61
28
80
12
24
7
51
22

*Combined effect represents the interaction of the changes in number of users and cost-per-user.
†Older noninsulin medications include sulfonylureas, thiazolidinediones, a-glucosidase inhibitors,
and meglitinides. ‡Newer noninsulin medications include DPP-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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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, and meglitinides. †Newer noninsulin medications include DPP-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.

common among patients with T2D 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 noninsulin medicines, including DPP-4, GLP-1,
and SGLT2, are being used more frequently 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 costrelated insulin underuse (17). Studies
have shown that a reduction in medication adherence results in poor glycemic
control and increased hospitalization
(21). The effect of medication costs on
patients extends beyond health consequences, because many insulin underusers also report going into ﬁnancial debt
or cutting back on living expenses to pay
for their medications (22).
Addressing the affordability of insulin is a complex issue. Since we found
that medication choice and cost-per-user
were important contributing factors to
insulin cost, health care providers may
consider the use of less expensive insulins when medically appropriate. The
American Diabetes Association recommended that health care providers could
consider prescribing human insulin instead of analogs for most patients with
T2D who have a low risk of hypoglycemia
(11,23). One study found that substitution of analogs with human insulin reduced insulin costs considerably among
Medicare beneﬁciaries in 2 years (24).
Another study found that switching from
extended-release insulin to immediaterelease insulin when they are therapeutically equivalent could also reduce
insulin costs (25). Certainly, a medication
regimen should be made 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 studies have proposed various potential solutions such as increasing competition by
introducing more generic (or biosimilar)
forms of insulin to the market and regulating the pricing mechanism through
enhancing the transparency of the insulin market and simplifying the supply
chain (26,27). Policies aimed at addressing these issues could reduce insulin
prices considerably.
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Table 3—Changes in amount and proportion paid by different sources for the average annual cost-per-user
2005–2007
OOP

Medicare

All medication

347

Insulin
Human
Analog

342
215
392

Noninsulin
Metformin
Older noninsulin†
Newer noninsulin‡
Combinations§

2015–2017

Medicaid

Private insurance

Other

OOP

Medicare

Medicaid

Private insurance

Other

236

98

357

68

249*

1,094*

232
98
347

112
52
159

324
90
563

80
53
87

364*
187*
382*

1,979*
1,019*
2,077*

223*

978*

183*

445*
136*
503*

1,442*
251
1,702*

332*
125*
367*

290
140
237
289
229

197
61
189
306
128

76
22
80
14
59

306
121
250
696
226

53
26
48
12
30

145*
25*
35*
354*
332

480*
71
81*
1,418*
652*

81
20
11*
213*
122

561*
110
61*
1,507*
1,119*

80*
13
20*
174*
246*

All medication
Insulin
Human
Analog

31.4
31.4
42.3
25.3

21.3
21.3
19.3
22.4

8.9
10.3
10.2
10.3

32.3
29.7
17.7
36.4

6.1
7.3
10.4
5.6

9.1*
8.1*
11.3*
7.6

39.9*
43.8*
61.5*
41.1*

8.1*
9.9*
8.2*
10.0*

35.6*
31.9*
15.1*
33.7*

6.7*
7.4*
7.5
7.3*

Noninsulin
Metformin
Older noninsulin
Newer noninsulin
Combinations

31.5
37.8
29.5
22.1
34.1

21.4
16.5
23.5
23.4
19.0

8.2
5.9
10.0
1.1
8.8

33.2
32.7
31.1
53.3
33.6

5.7
7.0
6.0
0.9
4.5

10.7*
10.6*
16.7*
9.6*
12.7*

35.5*
30.1*
38.6*
38.4*
25.0*

6.0*
8.5*
5.2*
5.8*
4.7*

41.4*
46.6*
29.0*
40.9*
42.9

5.9*
5.5*
9.5*
4.7*
9.4*

Amount (2017 US$)

*Signiﬁcantly different (P , 0.05) compared with 2005–2007. †Older noninsulin medications include sulfonylureas, thiazolidinediones, a-glucosidase
inhibitors, and meglitinides. ‡Newer noninsulin medications include DPP-4, amylin analog, GLP1, and SGLT2. §A combination medication is a single pill
with a ﬁxed-dose combination of two or more active pharmaceutical ingredients.

For noninsulin medications, although
newer medicines, such as SGLT2 inhibitors and GLP-1 receptor agonists, have
been associated with cost increases, they
may have clinical advantages. Recent cardiovascular trials suggested cardiovascular beneﬁts of SGLT2 inhibitors and GLP-1
receptor agonists in patients with T2D
and cardiovascular disease or chronic
kidney disease (28–30). While the availability of newer medications increases
treatment choices, the decision of the
regimen needs to consider both the potential beneﬁts and also costs of medications, 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 prescription decisions by considering more 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 between physicians and patients could have
profound implications for lowering medication 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 persons 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 Zealand maintains relatively low medication
prices via negotiated and competitive national supply contracts (32). The
U.K. entails critical reviews of the costeffectiveness of new medications before the approval of these medications
for public reimbursement. Some other
countries adopt a single-payor system
that has stronger consolidated bargaining power at medication prices compared 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 the monthly 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 underlying factors that have caused the
increasing cost-per-user, such as how
much of the increase was due to adherence 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 medications is cost-effective. In addition, future
studies can explore who bears the ﬁnancial
burden of the increased medication spending and what is the implication to patients,
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patients, and it might differ from the
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of the gap is unknown at the national
level due to the lack of information on
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medication spending (14,40).
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The current study provides data to the
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is so expensive. Our ﬁndings are useful to
guide policies for targeted interventions to
reduce medication costs for diabetes.
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