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Abstract

Background: Approximately 7.4 million Americans with diabetes used insu-

lin. This study aimed to document the 10-year trend of insulin and other

glucose-lowering medications expenditure among insured and uninsured

populations and to examine the impact of insulin out-of-pocket (OOP) pay-

ment and insurance status on glucose-lowering medication OOP expenditure.

Methods: We extracted data from the Medical Expenditure Panel Survey

(2009–2018) to document trends in the expenditure of insulin among people

with diabetes. Total expenditures and OOP spending per person were docu-

mented on insulin and noninsulin glucose-lowering medications among

insured and uninsured populations. Multivariable regression was applied to

assess the association of insulin OOP payment and insurance status on

glucose-lowering medication OOP expenditure.

Results: Although insulin usage was stable over the decades, total insulin

expenditure almost doubled per person per year after the Affordable Care Act

(ACA) regardless of the insurance status. The OOP cost of insulin by the unin-

sured population increased from $1678 per person per year in the pre-ACA

period to $2800 per person per year in the post-ACA period. After the ACA

was enacted, the uninsured population had $403.96 and $143.64 more on OOP

costs than the people with public and private insurance, respectively.

Conclusion: For insured people, the rising financial burden of insulin was

borne mainly by insurance. The uninsured population is bearing a heavy bur-

den due to the high price of insulin. Policymakers should take action to reduce

the insulin price and improve the transparency of the insulin pricing process.
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Highlights

• Approximately 7.4 million Americans with diabetes use one or more formu-

lations of insulin and the price of insulin tripled from 2002 to 2013. There
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are limited studies to explore the impact of insulin price, particularly on the

uninsured population.

• For insured people, there was little impact on the out-of-pocket (OOP) pay-

ment for patients with diabetes using insulin treatment during the insulin

price rise. The burden was borne mainly by insurance.

• When the high insulin price issue came into the uninsured population, the

financial burden became urgent because the consequences of rationing insu-

lin are deadly. After the Affordable Care Act was enacted, the uninsured

population had $403.96 and $143.64 more OOP payments than people with

public and private insurance, respectively.

1 | INTRODUCTION

Approximately 34 million Americans were estimated to
have been diagnosed with diabetes in 2018.1 Among
them, 7.4 million people with diabetes used at least one
formulation of insulin.1 The population with type 1 diabe-
tes mellitus (T1DM) would have to take insulin indefi-
nitely because their bodies no longer make this
hormone.2 Individuals with type 2 diabetes mellitus
(T2DM) could manage the disease with a healthier life-
style. Insulin therapy is recommended for a person with
advanced T2DM when other medications have failed to
maintain glycemic control.3

The rising prices of insulin products are anything but
justifiable. One insulin Humalog (Lispro, 10 ml vial) was
$21 in 1999, but cost $332 in 2019, reflecting a price
increase of more than 1000%.4 The high price being
attributed to the “high cost of development” does not
apply to insulin because even the latest and most com-
monly used analog insulin products have been on the
market for over 20 years or longer. This soaring price
contributed to the total economic burden of diagnosed
diabetes, which was estimated to be $327 billion in
2017.5,6 One in three Medicare beneficiaries has diabetes,
and 3.1 million Part D enrollees require insulin.7 Around
25% of the diabetes population covered by Medicare
reported a reduction in the use of insulin owing to the
rising cost.8 Beyond the economic burden, the rising
insulin price also had clinical implications, especially for
the most vulnerable subgroups. To lower the burden
caused by insulin prices, people with diabetes rationed
their insulin. They either skipped insulin injections or
did not take enough to prolong each dose. There were
people with diabetes who suffered severe complications
(eg, diabetic ketoacidosis and end-stage renal disease)
and died owing to insulin rationing with the poor afford-
ability of insulin.9 People even went to Canada to buy
insulin because they could no longer afford insulin in the
United States.10

The medication expenditure could be reimbursed par-
tially by the insurance. Thus, the out-of-pocket (OOP)
cost matters to every insulin user through the rising insu-
lin price issue. OOP cost includes deductibles, coinsur-
ance, and copayments for covered services plus all costs
for services that are not covered.11 For uninsured and
underinsured people, a large proportion of their medical
expenses are OOP payments. Therefore, the vulnerable
uninsured and underinsured population are more likely
to live with restricted insulin access or even higher mor-
tality risk, owing to the high cost of the insulin OOP
payments.

The Affordable Care Act (ACA), which was enacted
on March 23, 2010, addressed health insurance coverage,
health care costs, and preventive care. In 2009, 17% of all
adults with diabetes under age 65 were uninsured. After
the ACA took effect, that number declined to 5%. Among
low-income adults with diabetes, 33% were uninsured
before the ACA and 6% were uninsured after. In all, an
additional 1.9 million people with diabetes—more than
half of whom were low income—gained insurance cover-
age after the ACA.12 However, the act did not provide
details about whether the expenses of prescription drugs
including insulin syringes, insulin pumps, and infusion
sets are covered and if these expenses would be applied
before or after deductibles are met for those insured.13

Moreover, those who remained uninsured and underin-
sured after ACA, as the most vulnerable population, were
still suffering from the high price of insulin.

Therefore, there is an urgent need to examine insulin
expenditure and its impact on individuals, especially on
the uninsured population. Prior studies looked into the
insulin spending on either T1DM or T2DM in only cohort
or elderly populations. Lipska et al discussed the OOP
cost of insulin among the T2DM population from 2000 to
2010 using the Optum Labs Data Warehouse, private
insurance claim data.14 There is another research group
focused on insulin spending by the T1DM population.15

Researchers also investigated Medicare spending on
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insulin.7 Hua's team used the Medical Expenditure Panel
Survey (MEPS) data from 2002 to 2013 and examined the
price and expenditures of antihyperglycemic medication.6

After the ACA, the uninsured population is gaining more
attention on the rising insulin price. This study aimed to
document the 10-year trend in insulin spending and
other glucose-lowering medications spending among the
insured population and the uninsured population and to
examine the impact of OOP expenditure for insulin and
insurance status on the overall OOP cost for glucose-
lowering medication from 2009 to 2018.

2 | METHODS

Ten-year individual and prescription data from the MEPS
2009 to 2018 were extracted to describe and compare
trends in the expenditure of insulin and insulin analogs
among people with diabetes. The MEPS is a nationally
representative household survey supplemented with data
collected from pharmacies and other providers. Its
Household Component (HC) collects demographic char-
acteristics, health conditions, health status, use of medi-
cal services, charges and source of payments, access to
care, satisfaction with care, health insurance coverage,
income, and employment of each person interviewed.
The overall response rate from MEPS-HC in the study
period ranges from 42.7% to 57.2%.16 To derive national
estimates, MEPS data were weighted by the proportion of
the population they represent. The longitudinal files
derived from the respondents to the MEPS Panel and Full
Year Consolidated Data File, Medical Conditions File,
and Prescribed Medicines File were used for analysis.

Diabetes diagnosis was determined by the MEPS dia-
betes condition variable. If people were considered as
treated for diabetes with medication, they must take
glucose-lowering medication and/or treat diabetes with
insulin injections. Multum Lexicon Codes were used to
identify glucose-lowering medications. The non-nsulin
medications included metformin, thiazolidinediones,
sulfonylureas, alpha-glucosidase inhibitors, sodium-
glucose cotransporter-2 (SGLT-2) inhibitors, megliti-
nides, dipeptidyl peptidase-4 (DPP-4) inhibitors, amylin
analogs, incretin mimetics, and antidiabetic combina-
tions. OOP payment was indicated by “self/family” as a
source of payment variable. Overall spending was aggre-
gated by different sources, including Medicaid/Medi-
care, other public insurances (Veterans/CHAMPVA,
Tricare, state and local government, other federal and
other public), commercial insurances (private insur-
ance, workers company insurance, and other private
insurance), and OOP payments. Insurance status was
grouped as insured (any private insurance or public

insurance)) and uninsured. All expenditures were
adjusted as the 2018 dollars using Consumer Price Index
(CPI) for prescription drugs (CPI-PMED).17 All the
information from MEPS data was self-reported and vali-
dated by the MEPS pharmacy sector.

The study documented the trend of the gross per-
person spending on insulin versus noninsulin medica-
tions and total glucose-lowering medication expenditure
on insured and uninsured populations. Descriptive statis-
tics were used to describe individuals' characteristics
including demographic characteristics, insurance status,
and glucose-lowering drug use in each year through the
decade. Glucose-lowering medication spending on the
use of insulin vs noninsulin glucose-lowering medica-
tions by OOP payment and total payment of insured and
uninsured in pre- and post-ACA period was presented.
Annual median spending was also presented. Because of
the disadvantage of being affected by any single value
being too high or too low compared to the rest of the
sample, we used median as a representative midpoint
measurement instead of mean. Moreover, multivariate
regression was conducted to explore the impact of insulin
OOP payment and insurance status on overall glucose-
lowering medication OOP expenditure, controlling for
demographic characteristics, treated diabetes, insurance
types, quantity of insulin used among participants who
used insulin, and ACA. ACA has an impact on insurance
coverage and in turn, influences medication use. With a
concern of collinearity with the ACA dummy variable
(year 2013 and after), the calendar year variable was not
included in the regression. The regression was clustered
by year and variance estimation primary sampling unit
provided by the MEPS data file to avoid serial correlation.
The interaction term of insurance status and ACA was
also included in the regressions. SAS “proc survey” was
used for analysis as recommended by MEPS.18

3 | RESULTS

A total of 13 696 participants were extracted from the
MEPS data from 2009 to 2018. The medication informa-
tion was recorded annually. The prevalence of insulin
purchase has a small growth from 25% to 30%. Alpha-
glucosidase inhibitors, amylin analogs, and meglitinides
were no longer recorded in the MEPS database since
2013, whereas SGLT-2 started to take its place after its
first agent in the class was approved in 2013. There was a
reduction in the proportion of antidiabetic combinations,
sulfonylureas, and thiazolidinediones use. The propor-
tions of other medications including DPP-4 inhibitors,
incretin mimetics, and metformin increased over the
years (Table 1).
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By comparing the median OOP expenditure and over-
all medication expenditure between the insured popula-
tion and uninsured population, the insulin OOP cost of
individuals with insurance even decreased by approxi-
mately $300, and their overall insulin expenditure dou-
bled from $11 213 to $20 652 because of the
implementation of ACA and Medicaid expansion. In con-
trast, for the uninsured population, the insulin OOP

payment had an overall increasing trend from $1678 to
$2800. The noninsulin OOP payments and the overall
OOP payment, however, decreased after the ACA for
uninsured population. These results suggested that the
increased insulin expenditure carried a larger impact on
the uninsured population because the main payment
method for these people was OOP. When looking into
the noninsulin medication costs, noninsulin OOP

TABLE 2 Median expenditure per person for insulin vs noninsulin by OOP and total payment on all glucose-lowering medication

expenditure, pre- and post-ACA

Expenditure type Period

Insured sample Uninsured sample

Insulin Non-insulin Total Insulin Noninsulin Total

OOP Pre-ACAb 1595 348 680 1678 331 678

Post-ACAc 1226 205 489 2800 289 543

Total expenditurea Pre-ACAb 11 213 983 4134 4680 439 1220

Post-ACAc 20 652 672 6417 7122 396 1077

Note: Payment and expenditure were first calculated as median expenditure per person per year. Then they were calculated as the mean of 2009–2013 median
expenditure per person for pre-ACA period and the mean of 2014–2018 median expenditure per person for pre-ACA period.
aTotal expenditure: total expenditure was aggregated by different sources, including Medicaid/Medicare, other public insurances, commercial insurance,
and OOP.
bPre-ACA: 2009–2013.
cPost-ACA: 2014–2018.
Abbreviations: ACA, Affordable Care Act; OOP, out-of-pocket payment.

TABLE 3 Estimated regression

coefficients of factors associated with

OOP expenditure

Parameter Estimate Standard error p Value

Age ≥ 65 years ref

Age < 65 years 60.59 79.77 .4476

Male ref

Female �75.92 69.05 .2716

Race White ref

Race Asian 246.37 463.93 .5954

Race Black �190.95 76.76 .0129

Race Hispanic �238.78 77.98 .0022

Race Other �179.28 129.24 .1655

Treated diabetes with diet ref

Treated diabetes with medication 81.37 92.85 .3809

Insulin quantity �1.33 0.66 .0433

Uninsured ref

Any private insurance 91.33 151.99 .5480

Public insurance only 119.45 176.47 .4985

ACA 266.30 245.45 .2781

Uninsured*ACA ref

Any private insurance*ACA �143.64 258.45 .5791

Public insurance only*ACA �403.96 273.30 .1395

Insulin OOP 1.01 0.00 <.0001

Abbreviations: ACA, Affordable Care Act; OOP, out-of-pocket payment.
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expenditure and noninsulin total expenditure decreased
regardless of insurance status (Table 2). The medication
OOP overall (noninsulin OOP payment and insulin OOP
payment together) decreased by approximately 33% (from
$818 to $546) and 47% (from $804 to $429) for the insured
population and uninsured population, respectively
(Table A1). It indicated that the decrease in glucose-
lowering medication OOP costs was contributed by non-
insulin OOP payment because there was a large drop in
noninsulin OOP. Moreover, though there was little varia-
tion in insulin OOP payment for the individuals with
insurance coverage, the insulin OOP payment had a high
increase from the uninsured population. Jonckheere–
Terpstra test was conducted and indicated the trend was
statistically significant.

In the regression analysis, age was transformed into a
categorical variable by a cutoff point of 65 years old based
on the Medicare coverage age limit. The regression
explored the impact of insulin OOP payment and insur-
ance status on glucose-lowering medication OOP expen-
diture. Compared with White people, the Asian
population spent $246.37 more on glucose-lowering med-
ication, whereas the Black and Hispanic populations
spent $190.95 and $238.78 less on glucose-lowering drugs
OOP cost, respectively. The implementation of ACA
increased the overall glucose-lowering medications
expenditure by $266.30. After the ACA, people with pub-
lic and private insurance had $403.96 and $143.64 lower
OOP payments than the uninsured population, respec-
tively. These statistics indicated that the ACA did allevi-
ate the OOP cost for the insured population; however, for
the uninsured population, the impact of the ACA was
exacerbated (Table 3).

4 | DISCUSSION

In this study, we observed an increasing trend in insulin
expenditure. For people with insurance, insulin OOP cost
was not greatly affected because health insurance pay-
ments covered the gap generated by the rapidly increas-
ing insulin expenditure. From the uninsured population
side, however, the OOP payment of this essential medica-
tion increased 1.7 times along with the increased insulin
price. The ACA and its provisions like Medicaid Expan-
sion and Marketplace subsidies did remove a large pro-
portion of the population from uninsured status. The
population that remained uninsured, however, was the
most vulnerable group that was sensitive to the disease's
financial burden.19 The magnitude of estimated coeffi-
cients in the regression analysis indicated that health
insurance, public or private, played an important role in
the overall glucose-lowering medication OOP

expenditure. But for the uninsured population, high OOP
expenditure caused by the high price of insulin treatment
posed a large barrier that may decrease their adherence
and threaten their lives.

Our findings are consistent with a study by the Cen-
ters for Disease Control and Prevention that used the pri-
vate insurance MarketScan Claims database showing the
increase in insulin spending was covered by payers.20 For
example, the policy on closing the Medicare Part D cover-
age gap traded off the impact of higher insulin prices,
which kept the OOP cost in check.21 Nevertheless, insur-
ance companies could use their buyer power to bargain
and receive discounts and rebates from the pharmacy
companies on insulins in return for their formulary sta-
tus.22 Our study suggested that the rising insulin price
became a big problem for uninsured people who would
have to pay full price for insulin prescriptions, whereas
people with insurance could be better shielded by the
insurance coverage plan. It was always the uninsured
population who were more vulnerable. One study con-
firmed our conclusion for the insured people that used
claims data of privately insured enrollees, which indi-
cated high reimbursement proportion.14 A recent study
found that 14.1% of insulin users spent 40% of their post-
subsistence family income on insulin alone over 1 year,
representing almost 1.2 million people. Approximately
two thirds of people who experienced this high spending
on insulin were Medicare beneficiaries.23 Insulin expen-
diture is a great burden even for the insured population
with government assistance. How this high OOP pay-
ment affects the uninsured population is imaginable. It
was appalling to see a six-times increase in the insulin
OOP cost for the uninsured in our study. Moreover, the
national health reform reduced the burden for people
with preexisting conditions and increased insurance cov-
erage; however, those unable to pay the insurance pre-
mium still existed and these people are the most
vulnerable population. Therefore, previous studies and
our study raised the concern about the uninsured/
underinsured population because they had the high OOP
cost of insulin without a third-party payer. Considering
the great impact on uninsured low-income, minority
populations who need insulin treatment and the unrea-
sonably high price for this life-saving medication, the dis-
parities and inequities in insulin access need to be
addressed through multifaceted national actions.

Both government and industry are making efforts to
satisfy the need for insulin and to decrease the price of
insulin in many ways. Congress and state governments
are discussing action to relieve the burden of rising insu-
lin prices.24–27 The Centers for Medicare & Medicaid Ser-
vices is offering lower insulin costs through enhanced
Part D prescription drug plans will have access to a broad
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set of insulins at a maximum $35 copay for a month's
supply, from the beginning of the year through the Part
D coverage gap.28 Pharmaceutical companies offer sup-
port programs to defray the costs for those who are
experiencing high OOP costs, including coupons, free
samples, and patient assistance programs (PAPs).29–32

However, for the uninsured population, the accessibility
of insulin was still limited because of the high price.
Finding information about these PAPs can be difficult,
and PAPs often have complicated income, insurance, and
prescription requirements even with the information
collected.

Our study had several limitations. We used patient-
reported data from a national survey with a response rate
ranging from 42.7% to 57.2%. The survey participants
have the possibility of faulty recall or other ascertainment
bias and volunteer bias. We did observe certain outliers
in Table 2, although these outliers did not affect the over-
all increasing/decreasing trend. One explanation of this
might be the different sample: MEPS data were not able
to follow up with households for a very long period,
which may change the characteristics largely in a certain
year and caused the outliers.33 Furthermore, the physical
condition and diabetes duration were not taken into con-
sideration as control variables in our study because self-
reports may not perfectly conform to diagnoses made by
physicians. Insulin use adherence and appropriateness
are important factors; however, the information is not
contained in the MEPS data. Our study controlled only
for insulin quantity, which may not get a full picture of
the research question. Usage of free medication samples,
insurance premiums, and the amount of tax paid were
not included in our analyses because of the data avail-
ability. However, the payment amount was validated
with pharmacy records for prescription drugs., which
ensured our data quality and the credibility of the results.

5 | CONCLUSION

Our study found that the price of insulin and its analogs
increased. For the insured cohort, the financial burden of
this rapid price change was covered by insurance. The
insulin OOP payment among insured individuals with dia-
betes was stable. When the high insulin price issue came
to the uninsured population, the financial burden became
urgent because the consequences of rationing insulin are
significant. The irrational increase in insulin price, how-
ever, remained an unresolved issue after ACA. It is imper-
ative to slow down the increasing expenditure trend by
reducing insulin costs. Additionally, more supportive poli-
cies should be implemented for the uninsured diabetes
population to get enough necessary insulin usage.
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APPENDIX A

TABLE A1 Median expenditure per person for insulin vs noninsulin by OOP and total payment on all glucose-lowering medication

expenditure, 2009–2018

Expenditure type

Insured sample Uninsured sample

Year Insulin Noninsulin Total Insulin Noninsulin Total

OOP 2009 1509.27 418.72 817.91 1149.49 441.7 804.3

2010 1439.3 388.67 752.68 1598.12 291.63 459.18

2011 1455.42 361.49 703.15 1513.36 337.39 745.24

2012 2107.2 313.77 582.63 3019.67 328.53 725.35

2013 1464.46 256.89 541.24 1110 253.88 657.18

2014 1456.74 242.11 525.14 691.05 222.31 542.96

2015 1202.2 186.5 470.96 2196.76 255.98 433.52

2016 1074.79 210.8 467.99 2115.49 396.5 611.03

2017 946.33 185.39 434.12 2472.59 383.13 698.96

2018 1448.91 201.24 545.59 6522.29 186.93 428.92

Total expenditurea 2009 10 165 1350.37 4665.91 3215.53 586.9 1369.37

2010 10 439 1030.66 4235.08 4928.52 438.94 976.74

2011 9371.14 877.99 3744.03 2418.26 429.02 956.49

2012 14 449 847.37 4201.54 8451.94 375.29 1426.28

2013 11 642 810.94 3823.36 4383.61 362.94 1370.67

2014 18 980 683.56 4375.36 3559.87 442.16 822.23

2015 19 275 745.53 5838.97 6692.56 439.17 882.88

2016 19 886 662.54 5544 4202.47 510.11 1725.61

2017 21 440 681.85 7911.38 13 396 407.8 1121.39

2018 23 681 587.62 8416.4 7756.94 182.22 834.07

aTotal expenditure: total expenditure was aggregated by different sources, including Medicaid/Medicare, other public insurances, commercial insurance,
and OOP.

Abbreviation: OOP, out-of-pocket payment.
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