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ABSTRACT

Introduction: The use of antihyperglycemic
agents (AHA), especially insulin and sulfony-
lureas (SU), is a risk factor for hypoglycemia.
Despite the significant clinical and economic
burdens associated with hypoglycemia and the
decreasing use of SU in favor of other oral AHA,
relatively little is known about hypoglycemia
trends specific to the use of non-insulin AHA.
We sought to estimate annual hypoglycemia
event rates and costs among patients with type
2 diabetes mellitus (T2DM) who started either
SU or dipeptidyl peptidase-4 inhibitors (DPP-4i)
and to predict rates and costs in the absence of
DPP-4i.

Methods: Truven’s MarketScan Commercial
Claims database was used to estimate hypo-
glycemia event rates and costs from 2007 to
2013. Hypoglycemia, defined using diagnosis
codes, was assessed during the 12 months fol-
lowing SU (n = 245,201) or DPP-4i (n = 176,786)
initiation by adults with T2DM. Coefficients
from a Poisson regression model used to esti-
mate the impact of patient characteristics on
hypoglycemia rates for patients who started SU
were used to predict rates for patients who
started DPP-4i had they started SU instead.
Results: Hypoglycemia events per 100 patient-
years (costs per event) ranged from 5.4 ($565) in
2007 to 10.4 ($1154) in 2013 for patients start-
ing SU; rates (costs) for patients starting DPP-4i
ranged from 3.2 ($308) in 2007 to 6.4 ($482) in
2013. Predicted hypoglycemia rates would have
been 5.3–9.9 per 100 person-years for patients
who started DPP-4i had they started SU instead.
Starting DPP-4i, rather than SU, would have
resulted in national savings of $750.3 million in
healthcare costs due to avoided hypoglycemia
events during this period.
Conclusions: Hypoglycemia rates and costs
were consistently higher for patients who star-
ted SU rather than DPP-4i. The overall burden of
hypoglycemia could be lowered substantially in
the USA if, when feasible, patients with T2DM
initiate DPP-4i instead of SU.
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INTRODUCTION

Type 2 diabetes mellitus (T2DM) affects
approximately 28 million individuals in the
USA, a number that is expected to grow to
almost 36 million by the year 2030 [1, 2]. Dia-
betes is responsible for $176 billion in annual
direct medical costs and $69 billion annually in
disability, lost work productivity, and prema-
ture mortality in the USA [3]. The goal of dia-
betes treatment is to achieve glycemic control
and reduce the risk of long-term complications
[4]. To be able to achieve and maintain their
glycemic control goals and avoid complica-
tions, patients should remain adherent to their
prescribed treatment regimen [5]. However,
intensive glycemic control with use of antihy-
perglycemic agents (AHA), especially insulin
and sulfonylureas (SU), could lead to increased
risk of hypoglycemia [6–10], which is associated
with decreased quality of life [11], higher risk of
cardiovascular events, fractures, and death
[12–17]. In addition, hypoglycemia episodes
requiring third-party medical help or hospital-
ization can pose a significant economic burden
to the healthcare system. The mean cost per
hypoglycemic event treated on an outpatient
basis ranges from $285 to $394 [2008 US dollars
(USD)] [8, 18], while the mean cost per event
treated on an inpatient basis ranges from $7562
(2013 USD) [19] to $17,564 (2008 USD) [18].
Zhao et al. [33] have estimated that hypo-
glycemia is responsible for anywhere from $1.8
to $3.5 billion (2009 USD) per year in the USA
in direct medical costs.

Several personal and clinical factors are
related to patients’ willingness and ability to
adhere to their treatment regimens, with fear of
hypoglycemia being one of the most important
barriers to adherence [20–23]. Some diabetes
medications are associated with higher rates of
hypoglycemia than others. For example, Lipska
et al. examined medical and pharmacy claims
from 2006 through 2013 and reported that
incidence rates for severe hypoglycemia

resulting in a hospital admission, observation
stay, or emergency department (ED) visit were
about four times higher for patients using
insulin or SU than for patients using other AHA
(1.80–2.0 vs. 0.2 per 100 patient-years) [24]. The
period they studied coincided with one during
which diabetes treatment patterns changed. For
example, dipeptidyl peptidase-4 inhibitors
(DPP-4i), which were first approved by the US
Food and Drug Administration in 2006 and
entered the US market in October of that year,
have been shown to be associated with lower
risks of hypoglycemia and hospitalization for
hypoglycemia than SU [25–27].

Despite the significant clinical and economic
burdens associated with hypoglycemia and the
decreasing use of SU in favor of other oral AHA
[28], relatively little literature is devoted to
hypoglycemia trends specific to the use of non-
insulin AHA in recent years. The objectives of
this study are, therefore, to estimate annual
hypoglycemia event rates and costs among
patients with T2DM who have started either SU
or DPP-4i, and to predict hypoglycemia event
rates and costs in the absence of DPP-4i from
2007 to 2013.

METHODS

Data Source, Study Design, and Study
Sample Selection

We analyzed encounters and services that
occurred from January 2007 to December 2013
using data from the Truven MarketScan Com-
mercial Claims and Encounters database. Since
1995, this database have accumulated health
insurance enrollment and claims information
for approximately 185 million commercially
insured working age adults and their depen-
dents. Enrollment data, medical claims, and
pharmacy claims are linked to each patient
using an encrypted identification number.

We selected patients 18–64 years old with
evidence of T2DM who were newly treated with
SU or DPP-4i during each year and who were
continuously enrolled in their health plan with
medical and pharmacy benefits for at least
12 months prior to starting their index therapy
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(SU or DPP-4i) (Fig. 1). Specifically, patients
were included if they had at least one claim
during the 12 months before they started their
index therapy (baseline period) with a T2DM
diagnosis code (International Classification of
Diseases, Ninth Revision, Clinical Modification
[ICD-9-CM] code 250.x0 or 250.x2) and who did
not have a claim for their index therapy during
the baseline period. Patients were excluded
from the sample if they had any claims with

type 1 diabetes mellitus codes (ICD-9-CM code
250.x1 or 250.x3), had any evidence of sec-
ondary diabetes (ICD-9-CM codes 249.xx), had
a prescription for insulin during the baseline
period, or initiated SU and DPP-4i on the same
date. Patients were followed from the date they
started their index therapy until the last date of
continuous enrollment in medical and phar-
macy benefits, the end of the index therapy, or
start of insulin, whichever came first.

Fig. 1 Sample attrition flowchart. DPP-4i dipeptidyl peptidase-4 inhibitors, SU sulfonylureas, T1DM type 1 diabetes
mellitus, T2DM type 2 diabetes mellitus

Diabetes Ther (2018) 9:2259–2270 2261



This article is based on previously collected
data and does not report any results based on
studies of human participants performed by any
of the authors.

Study Measures

Demographic and Clinical Characteristics
Patients’ demographic and clinical characteris-
tics included age; gender; geographic region of
residence; presence of comorbid conditions,
including cardiovascular disease; and use of
antihyperglycemic, antihypertensive, and anti-
hyperlipidemic medications. Demographic
characteristics were assessed as of the first day of
the follow-up period; any presence of comorbid
conditions and use of medications were assessed
during the baseline period. A complete list of
the comorbid conditions, and their definitions,
is available in Appendix A. In addition to mea-
suring baseline health status using individual
health conditions, we also computed a version
of the Charlson Comorbidity Index (CCI)
modified by Quan et al. [29].

Hypoglycemia Events and Costs
Hypoglycemia events were defined as those
outpatient, inpatient, or ED services with a
hypoglycemia-related diagnosis that occurred
during the follow-up period. Claims with
hypoglycemia diagnosis codes that occurred on
consecutive days were considered part of the
same single event unless interrupted by at least
1 day without evidence of hypoglycemia, in
which case, each run of consecutive days of
with hypoglycemia diagnosis codes was con-
sidered a separate event (hypoglycemia events
occurring in the outpatient and inpatient/ED
settings on the same day were considered
inpatient/ED events). Consistent with previ-
ously published research, we identified hypo-
glycemia events by the presence of diagnosis
codes 251.0, 251.1, 251.2, 270.3, or 962.3; or
the presence of diagnosis codes 251.8x without
codes 259.8, 272.7, 681.xx, 682.xx, 686.9,
707.1x. 707.2x, 707.8, 707.9, 709.3, 730.1x,
730.2x, or 731.8 in the ICD-9-CM diagnosis
fields [30]. The original algorithm for identify-
ing hypoglycemia-related events published by

Ginde et al. [30] included ICD-9-CD codes 270.3
(leucine-induced hypoglycemia), 775.0 (hypo-
glycemia in an infant born to a diabetic
mother), and 775.6 (neonatal hypoglycemia),
which we excluded as a result of the sample
selection criteria.

Online Appendix B describes in detail the
multistage process we followed to predict
hypoglycemia rates. We developed and vali-
dated a Poisson regression model to estimate
the impact of patient characteristics, adjusted
for differences in follow-up duration, on hypo-
glycemia events experienced by patients who
started SU. The estimated model was then used
to predict hypoglycemia events experienced by
patients who started DPP-4i had they started SU
instead. The difference between the observed
and predicted rates represents the hypo-
glycemia burden associated with starting DPP-4i
instead of SU.

Hypoglycemia-related costs were measured
by payments for hypoglycemia-related services,
defined above. The costs for all claims related to
the same hypoglycemia event were summed
and expressed in nominal 2013 dollars using
the medical care component of the Consumer
Price Index. To estimate observed and predicted
aggregate hypoglycemia costs for the entire
USA, we combined the average costs per hypo-
glycemia event experienced by patients who
have started DPP-4i and SU with the observed
and predicted hypoglycemia rates and the
number of patients using DPP-4i in the USA
derived from the National Health and Nutrition
Examination Survey. The difference between
the observed and predicted aggregate hypo-
glycemia costs for patients who started DPP-4i
estimates the hypoglycemia-related healthcare
costs saved, on the national level, associated
with starting DPP-4i instead of SU (see Online
Appendix B for details).

Statistical Analyses

Patient baseline demographic and clinical
characteristics were summarized by their means
and standard deviations for continuous mea-
sures and their proportions for categorical vari-
ables. Crude annual hypoglycemia event rates
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were calculated as the total number of events
divided by the total number of patient-years,
defined as the number of days divided by 365,
observed during the follow-up period. The 95%
confidence intervals (CI) for the hypoglycemia
event rates were obtained using the Poisson
distribution. Patient characteristics, observed
hypoglycemia rates, and costs were stratified by
index therapy; predicted hypoglycemia rates
and costs were computed for patients using
DPP-4i.

RESULTS

Patient Characteristics

We identified 245,201 and 176,786 patients
newly treated with SU and DPP-4i, respectively.
Patients in both groups were 52–53 years old
and 44–46% were women. Patients in both
groups generally had similar distributions of
comorbid conditions, including cardiovascular
disease (Table 1). Patients in the SU group were
less likely than patients in the DPP-4i group to
have hypertension (53% vs. 58%) and hyper-
lipidemia (48% vs. 57%). They were also less
likely to use metformin (61% vs. 69%), thiazo-
lidinediones (13% vs. 25%), antihypertensive
medications (59% vs. 65%), and antihyperlipi-
demic medications (48% vs. 59%) at baseline.
Almost 5% of patients in the SU group were
already using DPP-4i before starting SU therapy
and 17% of patients in the DPP-4i group were
already using SU before starting DPP-4i therapy.

Hypoglycemia Event Rates and Costs

Annual hypoglycemia event rates were consis-
tently higher for patients who started using SU
than DPP-4i (Table 2; see Appendix C for 95%
CI). Patients who started SU experienced 5.4
hypoglycemia events per 100 patient-years in
2007 to 10.4 per 100 patient-years in 2013,
while patients who started DPP-4i experienced
3.2 hypoglycemia events per 100 patient-years
in 2007 to 6.4 per 100 patient-years in 2013. As
shown in Appendix C, the increasing trends in
hypoglycemia event rates reflect the patterns in

outpatient hypoglycemic event rates; inpatient/
ED event rates, and the proportion of events
due to inpatient/ED events, remained relatively
unchanged during the 7 years. In addition to
higher rates, patients who started using SU also
experienced more expensive events. Costs of
hypoglycemia events ranged, on average, from
$565 in 2007 to $1154 in 2013 for patients who
started SU and from $308 in 2007 to $482 in
2013 for patients who started DPP-4i.

Our prediction model indicated that patients
in the DPP-4i group would have experienced
more hypoglycemia events had they started
using SU instead (5.3 per 100 patient-years in
2007 to 9.9 per 100 patient-years in 2013), close
to the levels observed for patients who started
using SU (Fig. 2). In other words, the use of DPP-
4i as the index therapy, rather than SU, was
associated with event rates that were 35% (in
2013) to 57% (in 2009), for an average of 46%,
lower from 2007 to 2013. Figure 3 displays the
annual total observed and predicted costs of
hypoglycemia events for patients who started
using DPP-4i. Total observed hypoglycemia-re-
lated costs ranged from $9.6 million in 2007 to
$73.7 million in 2013, for a total $264.3 million
over 7 years. Total predicted costs, had the
patient started SU instead of DPP-4i, ranged
from $29.1 million in 2007 to $273.1 million in
2013, for a total of $1014.9 million over 7 years.
Starting treatment with DPP-4i, rather than SU,
resulted in savings of $750.3 million in health-
care costs over 7 years due to avoided hypo-
glycemia events (see Online Appendix B for
further details).

DISCUSSION

Past literature has presented mixed information
about national hypoglycemia trends in the USA.
For example, although Lipska et al. reported
that annual rates of hospitalization for hypo-
glycemia among Medicare fee-for-service bene-
ficiaries have increased approximately 12%
between 1999 and 2011 [31], other researchers
have reported conflicting data. Wang et al. [32],
using national survey data, found that hypo-
glycemia-related ED visit rates decreased 22%
from 1.8 (in 2006) to 1.4 (in 2011) per 100
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Table 1 Baseline demographic and clinical characteristics of patients starting sulfonylureas and dipeptidyl peptidase-4
inhibitors

Characteristic Sulfonylureas (N = 245,201) Dipeptidyl peptidase-4
inhibitors (N = 176,786)

Mean (SD) age, years 51.9 (8.9) 52.8 (8.3)

Female, % 43.5 45.5

Geographic region, %

Northeast 9.9 12.1

Midwest 24.1 22.3

West 47.6 52.1

South 17.6 12.8

Mean (SD) Charlson comorbidity index 1.5 (1.3) 1.6 (1.2)

Comorbid conditions, %

Hypertension 53.3 57.5

Hyperlipidemia 48.4 56.5

Obesity or overweight 9.1 8.6

Cataracts, macular edema, retinopathy, or blindness 8.0 10.0

Neuropathy 7.4 8.5

Depression 6.5 6.3

Chronic obstructive pulmonary disease 5.5 5.0

Cancer 4.3 4.3

Chronic kidney diseases or nephropathy 3.8 4.0

Hypoglycemia 2.3 2.0

Proteinuria 2.2 2.4

Fracture 1.9 1.9

Sleep disorder 1.6 1.8

HIV/AIDS 0.2 0.2

Alzheimer’s disease, dementia, or MCI 0.1 0.1

Cardiovascular disease, %

Arrhythmia 4.5 4.4

Cerebrovascular disease 3.2 3.4

Congestive heart failure 3.1 2.8

Peripheral arterial disease 2.7 3.2

Stroke/transient ischemic attacks 2.6 2.8

Myocardial infarction 1.7 1.3
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adults and Zhao et al. [33], also using national
survey data, found that there were almost
100,000 fewer hospital admissions from ED
visits in 2009 than in 2005. Most recently, using
data from private health insurance and Medi-
care Advantage claims and a network of 11
integrated health systems, neither Pathak et al.
[34] nor Lipska et al. [24] found any significant
upward or downward changes in severe hypo-
glycemia rates between 2005–2011 and
2006–2013, respectively, even though diabetes
treatment patterns changed substantially in the
same period [24, 34–37].

This study contributes to the literature on
the burden of hypoglycemia-related events by
providing more recent data and by focusing on
the differences between two oral AHA of dif-
ferent classes and vintages. While we found that
overall, inpatient/ED and outpatient hypo-
glycemia event rates associated with starting SU
or DPP-4i increased over time, which is consis-
tent with data on the increasing proportion of
adults using antidiabetic agents [38], we also
found that hypoglycemia event rates associated
with SU were consistently higher and grew at a
slightly faster pace than rates associated with
DPP-4i. We also found that for patients who

Table 1 continued

Characteristic Sulfonylureas (N = 245,201) Dipeptidyl peptidase-4
inhibitors (N = 176,786)

Angina pectoris 1.6 1.8

Use of antihyperglycemic medications, %

Metformin 61.1 68.8

Thiazolidinediones 13.1 25.1

Dipeptidyl peptidase-4 inhibitors 4.8 0.0

Meglitinides 0.9 1.9

Alpha-glucosidase inhibitors 0.1 0.3

Sulfonylureas 0.0 16.9

Use of antihypertensive medications, % 58.5 65.3

Use of antihyperlipidemic medications, % 47.8 58.9

AIDS acquired immune deficiency syndrome, HIV human immunodeficiency syndrome, MCI mild cognitive impairment,
SD standard deviation

Table 2 Hypoglycemia event rates and costs among patients starting sulfonylureas and dipeptidyl peptidase-4 inhibitors

2007 2008 2009 2010 2011 2012 2013

Hypoglycemia event rate per 100 patient-years

Sulfonylureas 5.4 6.7 8.1 8.2 7.5 9.0 10.4

Dipeptidyl peptidase-4 inhibitors 3.2 3.0 3.2 3.6 4.3 4.3 6.4

Mean cost per hypoglycemia event, $

Sulfonylureas 565 1168 1035 880 931 1098 1154

Dipeptidyl peptidase-4 inhibitors 308 514 915 410 365 477 482

Diabetes Ther (2018) 9:2259–2270 2265



started SU, inpatient/ED hypoglycemic event
rates were a smaller portion of their total event
rates than for patients who started DPP-4i and
that hypoglycemia-related events associated
with starting SU were also consistently more
expensive than events associated with starting
DPP-4i. Furthermore, we found, through our
predictive model, that starting DPP-4i, instead
of SU, from 2007 to 2013 was associated with
nearly 50% fewer (i.e., avoided) hypoglycemia
events, which corresponded to a total savings in
hypoglycemia-related healthcare costs of $750
million over 7 years.

Limitations

Using claims and other administrative data to
study hypoglycemia-related healthcare events is
challenging. Although it is unlikely that hypo-
glycemia-related services were incorrectly iden-
tified as such in the claims data we analyzed, it is
possible that some hypoglycemia events were
not captured or recorded correctly, particularly if

the events did not result in a billable service, did
not involve an interaction with a healthcare
provider, or an appropriate diagnosis code was
not used, which could be quite common [39].
The degree to which these cost estimates are
biased may also vary with patient characteristics
if, as Veronese et al. have shown using Italian
data [40], underreporting is related to disease
severity. The data we analyzed only captured
hypoglycemia events that required medical care
or hospitalization; as a result, hypoglycemia
burden may be underestimated. It could be
argued that since we observed hypoglycemia-re-
lated events that involved interactions with
healthcare providers and facilities, these hypo-
glycemia events were likely to be severe; how-
ever, no evidence about their severity is
available. We were unable to differentiate
between daytime and nocturnal hypoglycemia
nor could we account for several clinical char-
acteristics known to be associated with hypo-
glycemia such as HbA1c, body mass index, renal
function, and lipid levels that are not typically
available in claims data. We were also unable to
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account or adjust for duration of diabetes, or
events and costs beyond 12months from
patients’ start of their index therapies. Our
exclusion criteria may also have resulted in a
sample that was healthier (no inulin use prior to
start of SU or DPP-4i) than the target population
of T2DM patients using these regimens. Because
we focused on hypoglycemia-related costs, other
aspects of the economic burden related to use of
these medications, such as medication costs or
the economic implications of weight changes,
were not considered in this study. Furthermore,
our results are based on commercially insured
patients 18–64 years old and retirees covered by
supplemental Medicare plans who were followed
for no more than 12 months. Caution, therefore,
is recommended when generalizing these find-
ings to other populations.

CONCLUSIONS

Despite these limitations, our results for hypo-
glycemia rates are consistent with recent meta-

analyses of population-based studies and clini-
cal trials that compared hypoglycemia rates
across multiple treatments for T2DM. Edridge
et al. reported that 5% (for severe) to 30% (for
mild/moderate) of patients using SU experi-
enced a hypoglycemia event [35] while Mis-
hriky et al. reported that 20% and 6% of
patients using SU and DPP-4i, respectively,
experienced an incident hypoglycemia event
since starting those agents [36]. Mearns et al.
found, on the basis of a network meta-analysis
of 62 clinical trials involving 25 agents, that the
risk of confirmed hypoglycemia among patients
using SU was 3.1–71.3 (3.1–25.3 excluding alo-
gliptin) times higher than for patients using
DPP-4i [37].

In addition to confirming what has been
reported in the recent literature, our results also
provide comparative information on the annual
rates and average costs of hypoglycemia events
since DPP-4i became available in the USA:
hypoglycemia rates and costs associated with
starting SU are higher than those associated
with DPP-4i. This information, to our
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knowledge, has not been previously published.
Data from our predictive model also show that
the overall burden of hypoglycemia could be
lowered substantially if, when clinically feasi-
ble, patients with T2DM started using DPP-4i
instead of SU.
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