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BACKGROUND: Diabetes is a costly and common condi-
tion, but little is known about recent trends in diabetes
management among Medicare beneficiaries.
OBJECTIVE: To evaluate the use of diabetes medications
and testing supplies among Medicare beneficiaries.
DESIGN/SETTING: Retrospective cohort analysis of
Medicare claims from 2007 to 2014.
PARTICIPANTS: TraditionalMedicare beneficiarieswith a
diagnosis of diabetes in the current or any prior year.
MAIN MEASURES: We analyzed choices of first diabetes
medication for those new to medication and patterns of
adding medications. We also examined the use of testing
supplies, use of statins and ACE inhibitors/angiotensin
receptor blockers, and spending.
KEY RESULTS: Diagnosed diabetes increased from
28.7% to 30.2% of beneficiaries from 2007 to 2014. The
use of metformin as the most commonly prescribed first
medication increased from 50.2% in 2007 to 70.2% in
2014, whereas long-acting sulfonylureas decreased from
16.6% to 8.2%. The use of thiazolidinediones fell consid-
erably, while the use of new diabetes medication classes
increased. Among patients prescribed insulin, long-
acting insulin as the first choice increased substantially,
from 38.9% to 56.8%, but short-acting or combination
regimens remained common, particularly among older
or sicker beneficiaries. Prescriptions of testing supplies
for more than once-daily testing were also common. The
mean total cost of diabetes medications per patient in-
creased over the period due to the increasing use of
high-cost drugs, particularly by those patients with costs
above the 90th percentile of spending, although the me-
dian costs decreased for both medications and testing
supplies.
CONCLUSIONS: The use of metformin and long-acting
insulin have increased substantially among elderly

Medicare patients with diabetes, but a substantial sub-
group continues to receive costly and complex treatment
regimens.
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INTRODUCTION

Diabetes is a chronic and progressive disease that currently
affects over 29 million people in the United States, constitut-
ing nearly 10% of the US population.1 Almost $250 billion
was spent on diabetes care in 2012, including $176 billion in
direct medical costs, representing a 41% increase from 2007.2

Diabetes is increasingly prevalent among elderly adults.3 Cur-
rently, more than 13 million individuals with diabetes are
enrolled in Medicare, accounting for 28% of Medicare
beneficiaries.4

The mainstays of diabetes treatment include lifestyle
counseling and education regarding diet, exercise, and weight
management, as well as pharmacological therapy aimed at
controlling blood glucose levels and preventing or treating
associated complications, with general internists and family
physicians providing the vast majority of diabetes care in the
US. Over the last decade, treatment approaches for diabetes
have changed rapidly with the introduction of multiple new
classes of drugs, including dipeptidyl peptidase-4 (DPP-4)
inhibitors, glucagon-like peptide 1 (GLP-1) agonists, and
sodium/glucose cotransporter 2 (SGLT2) inhibitors.5 In addi-
tion, new guidelines regarding cholesterol management for
individuals with diabetes were released in 2013, and treatment
guidelines for the initiation and adjustment of diabetes medi-
cations were updated in 2015.6,7 Tailored guidelines have also
been released for elderly patients, who are at increased risk of
hypoglycemia related to treatment and potentially at decreased
risk of longer-term complications related to diabetes.7–12

These recommendations include avoiding long-acting sulfo-
nylureas, which have been associated with increased rates of
hypoglycemia in the elderly, and setting less stringent
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treatment goals, particularly for those with intermediate or
limited life expectancy or multiple coexisting comorbid con-
ditions.13 Consensus recommendations now uniformly sug-
gest lifestyle modification plus metformin as the preferred
initial treatment strategy for type 2 diabetes, with basal insulin,
a short-acting sulfonylurea, or a DPP-4 inhibitor as the most
appropriate second medications.5,14 Some, but not all, emerg-
ing data suggest improved outcomes with various new
agents.15–22

Despite these innovations in therapy, however, little is
known about current patterns of monitoring and treatment of
diabetes in the Medicare population, with prior published data
describing these elements of care only through 2009.23 We
therefore used comprehensive data on enrollees in traditional
Medicare to examine trends in drug use and testing supplies
for diabetes from 2007 through 2014. We hypothesized that as
treatment options for diabetes have proliferated, the use of
more costly treatments and testing would increase, with po-
tential reductions in the use of recommended first- and second-
line therapies, all of which might result in care that is not
optimally aligned with patient needs.

METHODS

Data

We analyzed Medicare claims and enrollment data provided
by the Centers for Medicare andMedicaid Services (CMS) for
the period 2006–2014.24–26 Demographic and enrollment
characteristics drawn from the Master Beneficiary Summary
File were available for all enrollees, and complete claims data
were available for a random 20% sample of beneficiaries. Data
on prescription medications from the Part D files were avail-
able for the subset (ranging from 50% to 64% over the study
period) of the 20% random sample enrolled in a Part D plan.
For each study year from 2007 through 2014, our initial

sample included all persons who were continuously enrolled
in Medicare Parts A and B throughout the year and were at
least 65 years of age on January 1. We excluded beneficiaries
with end-stage renal disease, because treatment patterns for
diabetes may differ for this population, and for those enrolled
in a Medicare Advantage health plan at any point during the
year, for whom claims data are not routinely available. We
restricted some analyses focused on initiation of prescription
drugs to beneficiaries aged 66 and older who also had at least 1
year of continuous Part D enrollment prior to the respective
study year.

Identifying Enrollees with Diabetes

Beneficiaries with diabetes were identified using information
from the Chronic Conditions Data Warehouse (CCW), which
indicates whether an enrollee has been diagnosed with diabe-
tes or 26 other chronic conditions as of the end of each
calendar year or at any time since enrollment in the Medicare

program, based upon either a single diagnosis code in the
inpatient, post-acute, or home health setting, or at least two
ambulatory visits with the specified diagnosis over a 2-year
period.27

Characterizing Medication Use

To describe patterns of medication treatment and testing for
diabetes among patients identified with diabetes, we analyzed
pre-specified cohorts from those with available Part D infor-
mation for each year. Because we lacked data on intermediate
outcomes of care such as hemoglobin A1C results, these pre-
specified cohorts were selected to identify persons with dia-
betes at a similar stage of control for whom a clinician had
decided that additional medical therapy was required.

Choice of Initial Medication

We identified patients with diabetes who received a prescrip-
tion for any diabetes medication in the year of interest but who
had not received any diabetes medication prescription in the
preceding year. We categorized the initial medication choice
by class. A stratified analysis distinguished those with and
without a diagnosis of chronic kidney disease (CKD), because
advanced renal dysfunction is a relative contraindication for
metformin.

Choice of Second Medication

To characterize patterns of up-titration of prescription drug
treatment, we identified patients who had been on just a single
medication during the current year who then received a pre-
scription for a medication from a second class. We then
characterized the choice of second medication by year for
the two most commonly used initial drugs (metformin and
sulfonylureas).

Insulin Use

We next examined whether those initiating insulin in a year of
interest, but who had not been on insulin during that year,
received short-, intermediate-, long-acting, or combination
insulin, counting patients filling prescriptions for two different
types of insulin within 30 days as receiving combination
therapy. In addition, by stratifying based on age (66–75 vs.
>75 years) and number of comorbid conditions (CCW count
of >3 vs. ≤3, not including diabetes or CKD), we examined
treatment patterns for beneficiaries who were older or had a
greater number of comorbid conditions (and therefore likely
had shorter life expectancy), and thus should have been on less
complex regimens. We further stratified these analyses by the
presence of CKD as defined by whether CKD was identified
in the CCW. The CCW identifies CKD expansively based on a
broad listing of codes, including all CKD codes as well as
other codes indicating any acute or chronic kidney condition
such as nephritis or nephrosis.28
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Guideline Concordance

We based our classifications on recommendations from the
American Diabetes Association and the American Geriat-
rics Society that were largely consistent for the treatment of
elderly adults with diabetes over the period of our
study.7,8,29 We considered metformin to be the only
guideline-concordant initial choice of medication (exclud-
ing those with CKD), and long-acting insulin or a short-
acting sulfonylurea to be the preferred second-line medi-
cations, although we recognize that guidelines now allow
the use of other classes, even though, in many cases, they
had no inexpensive generic option available.29 We consid-
ered long-acting sulfonylureas to be guideline-discordant
because of increased risk of hypoglycemia in the elderly
population.30,31

Statins, ACE Inhibitors/ARBs, Use of Testing
Supplies, and Drug Spending

These analyses included all patients taking any diabetes
medication during a year. We first determined whether
beneficiaries were taking statins, defined as two or more
filled prescriptions within the year. We stratified these
analyses by age, because patients older than 75 years are
not covered by current cholesterol guidelines.32 Although
statins were not recommended uniformly for adults with
diabetes until 2013, diabetes was considered a coronary
artery disease equivalent before then, so many would have
been appropriately prescribed a statin. We also determined
the proportion receiving an angiotensin-converting enzyme
(ACE) inhibitor or angiotensin receptor blocker (ARB), the
preferred drugs for hypertension (identified from the CCW)
or proteinuria (identified using ICD-9-CM codes) in per-
sons with diabetes.
We also examined the use of glucose test strips for self-

monitoring among those taking any medication, identified
by durable medical equipment claims with Current Proce-
dural Terminology (CPT) code A4253, each representing a
bundle of 50 strips. We calculated the proportions with any
prescriptions for test strips within the year as well as those
who filled prescriptions for amounts sufficient for more
than once-daily testing (more than 365 strips in a year).
We also stratified these analyses by whether the beneficiary
was taking oral medications only, once-daily insulin, or
more than once-daily insulin.
Finally, we calculated each beneficiary’s total, out-of-

pocket (including subsidies), and Part D planmonthly diabetes
drug spending and diabetes supply spending over the year.

Beneficiary Characteristics

The Medicare Master Beneficiary Summary File provided
data on age, sex, race/ethnicity, region of the country, Medic-
aid coverage, and disability as the original reason forMedicare
eligibility.33,34

Statistical Analyses

Our analyses were primarily descriptive. We first compared
the characteristics of enrollees in the 20% random sample
with available Part D drug use data for the Medicare pop-
ulation as a whole. We tested for differences in proportions
or means using chi-square or t tests as appropriate. We
tested for differences in medication use over time using
chi-square tests, comparing the first and last years of avail-
able data, or using linear regression as appropriate. Be-
cause of the size of our sample, all differences we report
were statistically significant at the p < 0.05 level, except
where otherwise noted.
All analyses were conducted using SAS software, version

9.2 (SAS Institute, Cary, NC). Our study protocol was ap-
proved by the Harvard Medical School Human Studies Com-
mittee and the CMS Privacy Board.

RESULTS

The number of traditional Medicare beneficiaries diagnosed
with diabetes increased from 7,790,639 (28.7%) in 2007 to
9,069,911 (30.2%) in 2014 (Table 1, Appendix Figure S1).
The respective samples for which we had full medical claims
and Part D pharmaceutical claims comprised 774,709 and
1,201,000 beneficiaries. Over the same period, the percentage
of those diagnosed with diabetes not taking diabetes medica-
tions increased slightly, from 32.2% to 33.4%, and those on
two or more medications decreased from 35.0% to 30.7%,
suggesting that patients were being screenedmore consistently
for diabetes and thus were diagnosed at an earlier stage
(Appendix Figure S1). The population with Part D data was
similar to the population with diabetes as a whole, but women
and those also eligible for Medicaid were more likely to have
Part D coverage.

Choice of First Medication

Consistent with guidelines, metformin was increasingly pre-
dominant as the first prescribed medication, growing from
50.2% of first prescriptions in 2007 to 70.2% in 2014
(Fig. 1). Sulfonylureas were the second most common
initial choice, with decreasing use of long-acting (from
16.6% in 2007 to 8.2% in 2014) and short-acting agents
(12.8% to 7.8%) over the period. Thiazolidinediones were
the first-choice medication for 11.3% of patients in 2007,
but only 1.5% in 2014. The use of newer medication
classes such as DPP-4 or SGLT2 inhibitors increased from
4.7% to 7.9%, and insulin use decreased slightly, from
12.9% to 9.7%. For beneficiaries with CKD (~28% across
the study period), the choice of metformin as a first med-
ication was lower by approximately 30 percentage points,
which was stable across the study period (Appendix
Figure 2).
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Figure 1 Choice of initial medication for diabetes treatment, 2007–2014, Traditional Medicare.

Table 1 Demographic and Clinical Characteristics of Medicare Enrollees with Diabetes, 2007 and 2014*

2007 2014

100% Sample 20% Sample
w/ Part D

100% Sample 20% Sample
w/ Part D

7,790,639 774,709 9,069,911 1,201,000

Age group (years) 66–69 17.8% 18.0% 18.7% 18.6%
70–74 23.7% 23.2% 23.7% 24.6%
75–79 22.4% 21.6% 20.9% 21.2%
80–84 18.7% 18.2% 16.7% 16.4%
85+ 17.4% 19.0% 20.0% 19.2%

Race/ethnicity White 79.5% 74.1% 77.9% 76.3%
Black 10.2% 11.4% 10.3% 10.5%
Hispanic 6.3% 9.2% 6.7% 7.6%
Other 4.0% 5.2% 5.2% 5.6%

Sex Male 43.9% 36.1% 45.3% 41.1%
Female 56.1% 63.9% 54.7% 58.9%

Region Northeast 21.2% 20.1% 20.8% 22.1%
Midwest 24.5% 23.4% 21.8% 22.7%
South 39.1% 40.0% 40.4% 39.1%
West 15.2% 16.4% 16.7% 16.1%

Dual-eligible Yes 21.9% 41.2% 20.1% 27.9%
Comorbidities† HTN 75.7% 77.8% 79.1% 81.1%

Cholesterol 58.3% 56.7% 65.6% 67.4%
COPD 15.2% 16.8% 15.5% 15.8%
CKD 20.1% 21.1% 28.9% 28.6%

*Age ≥66
†HTN = hypertension, COPD = chronic obstructive pulmonary disease, CKD = chronic kidney disease
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Choice of Second Medication

Either metformin (for those on sulfonylureas) or a sulfonyl-
urea (for those on metformin) was the second-choice medica-
tion for about half of those given a second medication (Fig. 2).
Thiazolidinediones were the next most common choice in
2007, at approximately 20%, but their use declined substan-
tially, to just less than 4% in both groups in 2014. By 2013,
insulin and medication from a new class were the most

common second medications added. Among patients initially
taking either metformin or a sulfonylurea who started a second
medication, over 60% remained on their original medication.

New to Insulin

Among those new to insulin, the percentage of patients started
on a long-acting insulin increased from 38.9% to 56.8% (Fig.

Figure 2 Choice of second medication based on first medication, 2007–2014. First medication: any sulfonylurea.
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3). Long-acting insulin use was increasingly common for pa-
tients who had previously been on an oral medication (46.3% to
61.4%, Appendix Figure 3), but those starting on insulin as their
first medication were prescribed long-acting insulin less fre-
quently (37.6% in 2014), with more frequent use of combina-
tion therapy (~43% across the study period). Notably, both
patients older than 75 years and those with three or more
comorbidities were more likely to have received a complex
regimen including either short-acting or combination therapy.
For instance, in 2014, 19.4% and 24.7% of those over age 75
but without CKD were started on short-acting and combination
therapy, respectively, compared with 9.4% and 22.0% for those
younger than 75. Similarly, the use of long-acting insulin was
about 13 percentage points lower (data not shown).

Use of Testing Supplies, Statins, and ACE
Inhibitors/ARBs

The percentage of beneficiaries who filled at least one
prescription for test strips during a year decreased slightly

from 63.2% in 2007 to 56.5% in 2014. Among patients
taking only oral diabetes medications, the percentage of
those receiving strips who received sufficient strips for
more than once-daily testing decreased from 49.2% to
41.1%, dropping substantially in 2013, but then increasing
again in 2014 (Table 2). A similar pattern was seen for
those taking long-acting insulin (71.1% in 2007, decreas-
ing to 66.4% in 2014). In contrast, among patients using
short-acting insulin, approximately 80% of those receiving
strips received a sufficient number for more than one test
per day, and this was unchanged across the study period.
The percentage of patients with diabetes prescribed a statin

increased from 63.4% to 74.3% over the study period, with
rates similar between patients aged 65–75 and those over 75
years of age. The percentage taking an ACE inhibitor or ARB
increased slightly, from 69.9% in 2007 to 72.9% in 2014, with
use substantially more common among patients also diag-
nosed with hypertension and slightly more common among
those diagnosed with proteinuria.

Figure 3 Choice of first insulin for diabetes treatment, insulin cohort 2007–2014.
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Medication and Testing Costs

Overall mean diabetes-related medication costs, not in-
cluding statins and ACE inhibitors/ARBs, increased from
$880/year to $1406/year for those taking any medication.
This increase was driven by the most costly beneficiaries:
mean total spending increased from $2197 to $3783 for
those at or above the 90th percentile of spending, largely
as a result of increased use of a medication from a new
class (26.4% of beneficiaries at or above the 90th percen-
tile in 2007, to 44.1% in 2014) and insulin (52.5% to
84.0%), but both median plan costs and beneficiary out-
of-pocket costs decreased (from $211 to $105 and $264 to
$136, respectively). In contrast, both mean and median
total costs of testing supplies decreased over the study
period (median from $296 to $83), with the sharpest drop
in the last 2 years.

DISCUSSION

To reorient the health system toward providing higher-value
care,35,36 physicians should choose the safest, most effective,
and least costly treatment alternatives and should avoid over-
treatment and over-testing when such caremay be unhelpful or
even harmful.37,38 Our analyses of Medicare data suggest
meaningful progress in aspects of diabetes treatment over the
study period, notably the use of metformin as first-line therapy
for most beneficiaries and the initial use of long-acting insulin
for those starting on insulin therapy. In addition, high rates of
use were found for statins and ACE inhibitors/ARBs. None-
theless, the care provided to elderly adults with diabetes is not
in accord with national recommendations in a substantial
minority of patients: the use of complex multi-injection insulin
regimens persists even in older and sicker populations, statins
are likely underused, and over-testing remains common.

Table 2 Use and Cost of Testing Supplies and Other Recommended Medications for Patients on One or More Diabetes Medications

2007 2008 2009 2010 2011 2012 2013 2014

Testing supplies
No. 332,995 340,933 356,815 377,185 395,840 410,565 429,526 479,210
% with strips 63.2% 63.9% 64.6% 64.3% 63.6% 62.5% 60.2% 56.5%

% >1 strip, conditional on strips
No. 210,361 217,750 230,483 242,400 251,567 256,442 258,760 270,515
Oral med only 49.2% 50.6% 50.5% 50.3% 46.4% 43.1% 31.7% 41.1%
Long-acting insulin 71.1% 72.5% 72.7% 73.1% 71.4% 69.8% 62.8% 66.4%
Short-acting insulin 80.1% 81.9% 83.0% 83.7% 83.3% 82.9% 79.7% 83.0%

Use of recommended medications
No. 332,995 340,933 356,815 377,185 395,840 410,565 429,526 479,210
% on statin 63.4% 65.5% 67.7% 69.4% 70.9% 72.0% 72.9% 74.3%
Age 65–75 67.0% 68.9% 71.1% 72.4% 73.5% 74.4% 75.0% 76.0%
Age >75 62.1% 64.3% 66.2% 67.6% 69.1% 70.1% 71.0% 72.6%
% on ACE inhibitor/ARB 69.9% 70.1% 70.2% 70.3% 70.9% 71.6% 72.8% 72.9%
With hypertension diagnosis 74.9% 74.7% 74.3% 74.4% 74.7% 75.1% 76.3% 76.5%
With no hypertension diagnosis 49.2% 49.8% 50.3% 50.1% 51.5% 52.2% 52.7% 52.8%
With proteinuria diagnosis 74.9% 74.4% 73.9% 73.2% 72.8% 73.1% 73.7% 74.1%
Without proteinuria diagnosis 68.8% 69.1% 69.2% 69.6% 70.5% 71.5% 72.4% 72.5%

Annual diabetes medications costs
No. 332,995 340,933 356,815 377,185 395,840 410,565 429,526 479,210

Out-of-pocket costs
Mean $415 $443 $483 $521 $510 $535 $553 $504
Median $211 $188 $196 $195 $188 $163 $154 $105
90th percentile $1124 $1253 $1373 $1497 $1455 $1591 $1671 $1666

Plan costs
Mean $465 $493 $545 $582 $641 $707 $799 $902
Median $264 $241 $241 $234 $236 $228 $234 $136
90th percentile $1165 $1266 $1417 $1539 $1687 $1852 $2035 $2220
Total costs
Mean $880 $936 $1028 $1103 $1150 $1242 $1352 $1406
Median $521 $473 $481 $480 $474 $434 $426 $257
90th percentile $2197 $2375 $2619 $2825 $2935 $3198 $3486 $3783

Annual testing supplies costs
No. 210,361 217,750 230,483 242,400 251,567 256,442 258,760 270,515

Out-of-pocket costs
Mean $92 $96 $94 $96 $90 $86 $60 $26
Median $74 $79 $78 $78 $71 $67 $43 $20
90th percentile $187 $199 $195 $201 $187 $179 $132 $54

Plan costs
Mean $283 $289 $285 $283 $273 $267 $164 $76
Median $221 $222 $214 $214 $205 $197 $123 $50
90th percentile $597 $621 $613 $615 $598 $574 $368 $167

Total costs
Mean $375 $385 $379 $379 $363 $353 $223 $103
Median $296 $296 $281 $278 $267 $274 $170 $83
90th percentile $792 $813 $802 $802 $775 $752 $477 $229
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While some of these treatments are appropriate for certain
patients, our findings suggest that there is an opportunity to
improve the value of care provided to elderly adults with
diabetes in the Medicare population.
Emerging evidence supporting the use of new agents for

treating diabetes has been reported, and new studies continue
to be published15–17,22; however, other studies have not found
consistent advantages with these agents, and almost all
supporting studies were published after the period we exam-
ined.18–21,39 Moreover, these studies have been conducted
almost exclusively in populations at very high risk for cardio-
vascular complications, so the results of these recent works
cannot be extrapolated to the general population with diabetes.
In addition, these emerging data should influence the choice of
second medication, and not the initial choice of metformin.
Guidelines in effect across the study period and currently have
consistently recommended generic metformin as the preferred
first-line approach, although guideline recommendations were
only recently expanded to include patients with chronic renal
disease. Metformin reduces the risk of macrovascular compli-
cations compared with other oral medications for diabetes that
achieve similar glycemic control,40,41 and is associated with a
reduced need for subsequent treatment intensification.42 It is
also associated with lower morbidity and mortality compared
with the use of a sulfonylurea alone.43,44 Even in 2014, how-
ever, approximately 30% of patients were being offered alter-
native first-line agents, including 8% who received long-
acting sulfonylureas, which are not recommended for elderly
patients. These results are similar to patterns observed in a
commercially insured population.42,45 Nonetheless, given that
evidence during the period of our study showed no substantial
differences among medication classes as a second choice after
metformin, the choice of a second medication should be based
on patient preferences and cost.46

Patterns of insulin use showed substantial improvement, but
also raise concerns. The use of long-acting insulin as the first
insulin choice increased by over 50% during the study period,
consistent with most guidelines for patients with adult-onset
diabetes, which recommend long-acting insulin analogs and
discourage the use of complex multi-injection regimens. The
use of shorter-acting and combination regimens, however,
remain high. Such complex regimens may be difficult for
elderly patients to manage and administer, with little incre-
mental value over once-daily administration of a single long-
acting agent, while also carrying increased risk for hypogly-
cemia.30,47 Moreover, we observed more frequent use of such
regimens in older and sicker patients, who might benefit the
least given their shorter life expectancy. At the same time,
insulin has become increasingly costly,48,49 with average total
spending increasing from $231 in 2002 to $736 in 2013.49 As
mean and high-end (90th percentile) spending on medications
has increased substantially because of increased use of newer
oral agents and/or insulin in a subset of patients, more judi-
cious use of costly multi-injection insulin regiments may be
important for improving the value of diabetes treatment.

Our analyses also revealed substantial over-testing among
Medicare beneficiaries with diabetes. Most guidelines require
no blood sugar testing for patients taking oral medications, and
strategies for limiting the availability of test strips have not
demonstrated adverse effects.50 Self-monitoring of blood glu-
cose is most helpful during insulin dosage adjustment, partic-
ularly among those on short- or intermediate-acting drug
regimens. Our results, however, show that over 60% of elderly
adults with diabetes were receiving test strips, although there
were modest improvements in the rates of testing for patients
on oral medication or long-acting insulin only. In addition,
while the proportion of patients on oral medications who
received sufficient strips for more than once-daily testing fell
by over 10 percentage points in 2013, this number rebounded
in 2014. Average monthly spending on test strips also de-
creased, with much of this change occurring in 2013, when
CMS implemented a number of changes in reimbursement for
diabetes testing supplies, including full implementation of the
mail-order competitive bidding program that limited mail
order suppliers to 18 distributors, and cuts in reimburse-
ment.51,52 A recent study suggested that a pilot implementa-
tion of the competitive bidding program was associated with
decreased self-monitoring among diabetic patients using insu-
lin.53 We found a marked decrease during the year this pro-
gram was implemented, but use rebounded in the following
year, suggesting that issues were related to the transition
period.
Our findings of likely overtreatment in the elderly are

consistent with several prior publications. Using data from
the National Health and Nutrition Examination Survey, Lipska
et al. found that over half of older adults with an HbA1C level
of less than 7% were being treated with either insulin or a
sulfonylurea, and that treatment intensity was unrelated to
underlying health status.47 Similarly, using data from the
Veteran’s Health Administration, Sussman et al. found that
among a large cohort of veterans with moderately or very low
HbA1C levels, reduction in intensity was rare, and was not
targeted toward patients with low life expectancy.54 A consen-
sus report from the American Diabetes Association subse-
quently recommended the development of new performance
measures related to overtreatment,55 and treatment guidelines
for elderly adults with diabetes were updated to relax treatment
targets for all but the healthiest among them, along with the
introduction of numerous new medications. Our study adds to
the literature by describing the ensuing trends in treatment
patterns through 2014.
Our study has several potential limitations. First, our

analyses were limited to administrative claims data, so we
relied on diagnosis codes in claims to identify persons with
diabetes and could not assess the adequacy of diabetes
control with measures such as HbA1C levels. Second, we
lacked data on functional status and frailty, each of which
may affect decision-making and treatment goals, although
we were able to perform analyses that stratified beneficia-
ries by age and comorbidity burden. Third, Part D
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prescription data were not available for all beneficiaries in
the 20% random sample, and those without prescription
drug coverage might have different patterns of medication
use. Our analyses do show, however, that characteristics of
patients with Part D coverage were similar to those of
Medicare enrollees with diabetes overall. Finally, because
we lacked information on the date of first diagnosis, we
could not control for the duration of diabetes. For this
reason, we focused much of our analyses on initial treat-
ment choices for patients who had previously not been on a
medication, as well as patterns of adding medications for
those who had been on a single agent.
In conclusion, we found substantial improvement in the

treatment of Medicare patients with diabetes, particularly with
regard to greater use of metformin and long-acting insulin.
Nevertheless, the frequent use of costly and complex regimens
continues, and overuse of glucose self-monitoring is common.
Substantial opportunity remains to simplify treatment regi-
mens and testing, making it easier for patients to manage their
medications, contributing to cost savings, and improving the
value of diabetes treatment for both Medicare beneficiaries
and elderly patients in general.
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