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ABSTRACT

Introduction: Hypoglycemia and fear of hypo-
glycemia may contribute to basal insulin dis-
continuation, poor glycemic control, and
increased healthcare burden in patients with
type 2 diabetes (T2D). This study aimed to
determine the impact of hypoglycemia soon
after basal insulin initiation on treatment dis-
continuation and economic outcomes in
patients with T2D.

Enhanced content To view enhanced content for this
article go to http://www.medengine.com/Redeem/
92E8F060311F4DDA4.

Electronic supplementary material The online
version of this article (doi:10.1007/s12325-017-0592-x)
contains supplementary material, which is available to
authorized users.

M. R. Dalal () - M. Kazemi - F. Ye
Sanofi US, Inc., Bridgewater, NJ, USA
e-mail: Mehul.dalal@takeda.com

L. Xie
STATinMED Research, Ann Arbor, MI, USA

Present Address:

M. R. Dalal

Global Outcomes and Epidemiology Research,
Millennium Pharmaceuticals Inc., Subsidiary of
Takeda Pharmaceutical Company Limited,
Cambridge, MA, USA

M. Kazemi
Global Medical and Scientific Affairs, Abbott
Diabetes Care, Alameda, CA, USA

Methods: Hypoglycemic events within
6 months of basal insulin initiation were iden-
tified using retrospective cohort data from
patients with T2D, at least 18 years of age, ini-
tiated on basal insulin therapy in the Clinfor-
matics™ Data Mart for Multiplan claims
database from January 1, 2008, through August
31, 2012. Data were adjusted for baseline char-
acteristics. Discontinuation was established for
patients with 12-month follow-up data, while
discontinuation risk was assessed in the exten-
ded analysis (6- to 24-month follow-up) by Cox
regression analysis. Healthcare use and costs
were determined.

Results: Of 55,608 patients, 4.5% experienced
hypoglycemia within 6 months of basal insulin
initiation. Patients with hypoglycemia were
more likely to discontinue basal insulin within
12 months of initiation (79.0% vs. 74.2%;
P <0.001). Data, adjusted for baseline charac-
teristics such as age, any baseline hypoglycemia,
and use of oral antidiabetes drugs, showed that
patients with hypoglycemia had a greater risk of
discontinuation (hazard ratio 1.16; 95% confi-
dence interval 1.03, 1.32; P=0.0164), were
more likely to have a hospitalization (41.0% vs.
24.3%; P<0.001) or an ED visit (55.8% vs.
35.1%; P<0.001), and had higher dia-
betes-related ($13,662 vs. $7506; P <0.001) and
all-cause ($30,719 wvs. $19,079; P <0.001)
healthcare costs.

Conclusions: US patients with T2D who expe-
rienced hypoglycemia within 6 months of basal
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insulin initiation were more likely to discon-
tinue treatment, accompanied by a greater
healthcare burden.
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INTRODUCTION

The major focus of disease management in patients
with type 2 diabetes (T2D) is glycemic control,
which might be initially attained through lifestyle
modification and treatment with first-line oral
metformin [1]. Owing to the progressive nature of
this disease, patients with T2D eventually require
therapy intensification to achieve and maintain
glycemic control. The current position statement
from the American Diabetes Association/European
Association for the Study of Diabetes (ADA/EASD)
recommends the initiation of basal insulin, a sec-
ond oral agent, or a glucagon-like peptide-1
receptor agonist in patients with T2D who do not
achieve glycated hemoglobin (A1C) targets despite
the use of non-insulin therapy at maximum toler-
ated dose over 3 months [2].

Five different basal insulins are currently
available in the USA: intermediate-acting neutral
protamine Hagedorn (NPH) insulin, the
long-acting basal insulin analogues, such as
insulin glargine 100 U/mL (Gla-100), the new
insulin glargine 300 U/mL (Gla-300), insulin
detemir, and insulin degludec [2-4]. The efficacy
of each of these agents in lowering blood-glucose
levels, however, is associated with adverse
events, of which hypoglycemia is the most
common. In patients with T2D, the frequency of
hypoglycemia observed during early insulin use
is generally equivalent to that in patients treated
with sulfonylureas [5]. Compared with Gla-100
and insulin detemir, NPH insulin is associated
with a greater risk of symptomatic hypoglycemia
[6] and nocturnal hypoglycemia [1]. Among
basal insulin analogues, the relative risk of
hypoglycemia appears to be similar for Gla-100
and insulin detemir on the basis of data from
clinical trials [6] and real-world observational
studies [7, 8]. Compared to Gla-100, Gla-300 is

associated with a lower incidence of a severe or
confirmed nocturnal hypoglycemic episode
(blood glucose <70mg/dL [<3.9 mmol/L])
[9, 10], and a lower occurrence of a severe or
confirmed hypoglycemic event at any time of the
day [9]. These results were reported throughout
the clinical trial periods, including during the
first 8 weeks of treatment when the greatest
insulin dose titration occurs [9, 10].

Hypoglycemia and fear of hypoglycemia are
associated with delayed insulin initiation [11, 12]
and non-adherence to insulin treatment [13],
both of which can compromise clinical out-
comes. These delays occur despite the known
benefits of early insulin initiation [14, 15]. For
example, the UK Prospective Diabetes Study
showed that timely insulin initiation is associ-
ated with better glycemic control and a lower risk
of microvascular complications [14, 15]. Further,
persistence to insulin treatment is linked to
greater reductions in A1C from baseline [16].
Conversely, patients’ well-being and quality of
life are negatively affected by hypoglycemia,
which has potential clinical sequelae including
dysrhythmias [17], accidents, falls and related
fractures [18], and neurological symptoms, such
as dizziness and confusion. Hypoglycemia also
contributes to mortality in patients with T2D
[19, 20]. Such clinical consequences can be par-
ticularly relevant in elderly patients [21].

There is also an economic burden associated
with hypoglycemia due to increased healthcare
resource use and costs. In one study, the mean
costs of hypoglycemia-related hospital visits
requiring medical assistance were estimated to
be $19,345 per patient during 2004-2008 [22].
Among patients with newly diagnosed T2D,
hypoglycemia was associated with additional
costs of $71 per patient per month when initi-
ating insulin compared with non-insulin
antidiabetes medications [23]. Hypoglycemia is
also associated with work disability [24], which
can further impact patient-level costs. The
objective of the present study was to evaluate,
in patients with T2D who were newly initiated
to basal insulin, the impact of hypoglycemia on
healthcare resource use and costs, as well as
insulin discontinuation, in the first few months
immediately after initiation.
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METHODS

This is a retrospective cohort study that ana-
lyzed data from adult patients at least 18 years
of age with T2D extracted from the Clinfor-
matics™ Data Mart for Multiplan (IMPACT™;
Waltham, MA, USA) claims database from Jan-
uary 1, 2007, through March 31, 2013.
IMPACT™ is a managed care database that
comprises about 50 US healthcare plans, and
includes medical claims, pharmacy claims,
enrollment data, and laboratory results for 107
million patients, of whom 73% had pharmacy
benefits and 18% had laboratory results.
Patients diagnosed with T2D were identified on
the basis of at least one inpatient/emergency
department (ED) medical claim or at least two
ambulatory medical claims (>30days apart)
indicating presence of T2D (International Clas-
sification of Diseases, Ninth Revision, Clinical
Modification [ICD-9-CM] codes: 250.x0 or
250.x2) at any time during the study period. For
inclusion in the study, besides diagnosis of T2D,
patients had to have initiated basal insulin
within the identification period, and to have
continuous enrollment for the study period.
Patients were excluded who had any prior use of
basal insulin, premixed insulin, or prandial
insulin during the 12-month baseline period, or
who were prescribed more than one type of
basal insulin on the index date. Initiation of
basal insulin therapy was defined as having no
prescription for basal insulin at least 12 months
before starting basal insulin treatment with
Gla-100, insulin detemir, or NPH insulin, from
January 1, 2008, through August 31, 2012. The
date of the first insulin prescription was the
index date. Fach patient had a 12-month base-
line period and at least a 6-month follow-up
period after the index date of insulin initiation,
with a maximum follow-up period of
24 months. The subset of patients with a 12--
month follow-up period was used for the pri-
mary analysis, while all patients with follow-up
data ranging from 6 to 24 months were used for
an extended analysis. Analysis was replicated to
evaluate the same outcomes using the Truven
Health MarketScan™ (Ann Arbor, MI, USA)
claims database. MarketScan'™ is a US medical

and drugs insurance claims database of
approximately 138 million patients and their
dependents insured by over 150
employer-sponsored plans.

Patient data were analyzed according to
hypoglycemic events during the first 6 months
of basal insulin use. Hypoglycemic events were
identified by healthcare encounters using
ICD-9-CM diagnosis codes 251.0-3 and 270.3 in
any position on a medical claim, or diagnosis
code 250.8x with no evidence of diagnosis
codes 259.8, 272.7, 681.xx, 682.xx, 686.9x,
707.1-9, 709.3, 730.0-2, and 731.8 on the same
date of service as the claim for 250.8x.

Outcomes

The primary outcomes measured were health-
care resource use and costs, and discontinuation
from basal insulin treatment. Insulin discon-
tinuation was defined as a gap of greater than
45 days in any insulin prescription coverage.
Analyses of prescription gaps greater than
60 days or greater than 90 days were used to test
the robustness of the results. Healthcare
resource use included the number of hospital-
ization and ED visits, while healthcare costs
included all-cause and diabetes-related costs.

Statistical Analyses

Study variables, including baseline characteris-
tics and outcome measures, were analyzed
descriptively, by comparing two cohorts. The
“hypoglycemia” cohort included all patients
who experienced hypoglycemic events in the
first 6 months of basal insulin use, and the “no
hypoglycemia” cohort included patients who
did not experience hypoglycemic events in the
first 6 months of basal insulin use. The number
and percentage of patients were calculated for
dichotomous and polychotomous variables.
Means and standard deviations were calculated
for continuous variables. Statistical tests of sig-
nificance for differences between the cohorts
were conducted, with Chi-square tests used to
evaluate the statistical significance of differ-
ences in categorical variables, and Student
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t tests used for the means of continuous vari-
ables. The time to basal insulin discontinuation
was adjusted for baseline characteristics and
modeled using Cox proportional hazards mul-
tivariate regression analysis, with the presence
or absence of hypoglycemia at the 6-month
follow-up as the primary predictor. The impact
of hypoglycemia during the first 6 months of
basal insulin use on healthcare costs and use
were adjusted for baseline patient characteris-
tics and analyzed with a generalized linear
model.

Compliance with Ethics Guidelines

This article does not contain any new studies
with human or animal subjects performed by
any of the authors.

RESULTS

A total of 71,470 patients who were initiated on
treatment with basal insulin for the first time
with follow-up periods ranging from 6 to
24 months were identified in the Clinformat-
ics™ Data Mart for Multiplan (IMPACT™)
claims database, and a subset of 55,608 patients
with a 12-month follow-up was used for the
primary analysis of this study (see Appendix 1
in the supplementary material). Among
patients in that subset, 2495 (4.5%) experienced
hypoglycemia within the first 6 months of basal
insulin use and constituted the “hypoglycemia”
cohort, with the remaining 53,113 patients
constituting the “no hypoglycemia” cohort.
Baseline patient characteristics were found to
differ significantly between the two cohorts
(P<0.001; Tables 1, 2). Patients in the “hypo-
glycemia” cohort were likely to have a history of
previous hypoglycemia and hospitalization,
had more comorbidities, and a slight difference
in age compared with those in the “no hypo-
glycemia” cohort (Table 1).

Among patients with hypoglycemia, a
greater proportion had their first hypoglycemia
event diagnosed within the first month after
starting basal insulin therapy (see Appendix 2 in
the supplementary material). During the first
12 months after basal insulin initiation,

patients in the “hypoglycemia” cohort were
more likely to discontinue basal insulin within
12 months of initiation compared with patients
in the “no hypoglycemia” cohort. Using a defi-
nition of discontinuation of a greater than
45-day gap in insulin prescription coverage, we
observed that 79.0% of patients in the “hypo-
glycemia” cohort discontinued compared with
74.2% of patients in the “no hypoglycemia”
cohort (P <0.001). Despite lower insulin dis-
continuation percentages being observed when
using prescription gaps of greater than 60 days
or greater than 90 days, similar statistically sig-
nificant results were consistently seen between
cohorts and when considering pooled data of
patients with follow-up periods between 6 and
24 months (data not shown). Cox proportional
hazards analysis for patients with a 6- to
24-month follow-up showed a 16% greater risk
of discontinuation (>45-day prescription gap)
within 12 months of follow-up for patients who
experienced hypoglycemia early after basal
insulin initiation compared with those patients
who did not (hazard ratio 1.16; 95% confidence
interval 1.03, 1.32; P = 0.016).

Patients in the “hypoglycemia” cohort were
more likely than those in the “no hypo-
glycemia” cohort to have any hospitalization
(41.0% vs. 24.3%; P<0.001) or any ED visit
(55.8% vs. 35.1%; P <0.001) (Fig. 1). Patients in
the “hypoglycemia” cohort also experienced
significantly greater total all-cause healthcare
costs ($30,719 vs. $19,079 per year; P <0.001),
average quarterly all-cause healthcare costs,
total diabetes-related healthcare costs ($13,662
vs. $7506 per year), and average quarterly dia-
betes-related healthcare costs (Fig.2). Similar
statistically significant results were seen in the
extended analyses, which included follow-up
data ranging from 6 to 24 months (data not
shown).

Analysis that used information from the
MarketScan™ database yielded similar results
to the primary analysis confirming the associa-
tion between hypoglycemia and discontinua-
tion and healthcare costs. This database analysis
identified 134,934 patients who initiated basal
insulin therapy for whom 12-month follow-up
data were available. Among these patients was a
“hypoglycemia” cohort comprising 7371 (5.5%)
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Table 1 Demographic and clinical baseline characteristics for the subset of patients newly initiated on basal insulin with a

12-month follow-up

Hypoglycemia cohort No hypoglycemia cohort P value

(n = 2495) (» = 53,113)
Age, mean (SD), years 55.6 (13.2) 54.2 (11.8) <0.001
>65 years (1 (%)] 585 (23.5) 8692 (16.4) <0.001
Female [# (%)] 1135 (45.5) 23,786 (44.8) 0.488
CCI score, mean (SD) 1.63 (2.11) 1.01 (1.70) <0.001
Hypertension [ (%)] 1866 (74.8) 38,464 (72.4) <0.010
Hyperlipidemia [ (%)] 1605 (64.3) 36,446 (68.6) <0.001
Mental illness [z (%)] 718 (28.8) 11,823 (22.3) <0.001
Neuropathy [ (%)] 691 (27.7) 6621 (12.5) <0.001
Chronic obstructive pulmonary disease 487 (19.5) 8078 (15.2) <0.001

[ (%)]

Renal disease (7 (%)] 438 (17.6) 4763 (9.0) <0.001
Nephropathy [ (%)] 280 (11.2) 3194 (6.0) <0.001
Retinopathy [z (%)] 417 (16.7) 6464 (12.2) <0.001
Congestive heart failure [ (%)] 413 (16.6) 5054 (9.5) <0.001
Peripheral vascular disease [ (%)] 373 (15.0) 4281 (8.1) <0.001
Cerebrovascular disease [ (%)] 338 (13.6) 4259 (8.0) <0.001
Any baseline hypoglycemia [ (%)] 691 (27.7) 2402 (4.5) <0.001
Number of OADs, mean (SD) 1.40 (1.26) 1.65 (1.24) <0.001
Baseline SU use [z (%)] 1148 (46.0) 27,055 (50.9) <0.001

CCI Chartlson comorbidity index, 04D oral antidiabetes drug, SU sulfonylurea, SD standard deviation

patients newly started on basal insulin, who
experienced hypoglycemic events that required
medical assistance in the first 6 months follow-
ing initiation (see Appendix 1 in the supple-
mentary material). Results were similar for
patients with follow-up periods of up to
24 months, as 9854 of 175,934 patients (5.6%)
experienced hypoglycemia within the first
6 months of treatment with basal insulin.

On the basis of baseline characteristics anal-
ysis, patients in the “hypoglycemia” cohort
with a 12-month follow-up, compared with
those without hypoglycemia, were slightly
older (59.9 years vs. 57.4 years), had a greater
Charlson comorbidity index score (1.36 wvs.

0.94), and had a history of previous hypo-
glycemia (32.3% vs. 4.0%) and hospitalization
(42.5% vs. 27.9%).

Discontinuation of basal insulin within
12 months of initiation was greater in those
patients in the “hypoglycemia” cohort than in
the “no hypoglycemia” cohort (74.6% vs.
73.3%, respectively; P < 0.05) based on a greater
than 45-day prescription gap. Again, similar
results were found when considering greater
than 60-day or greater than 90-day prescription
gaps and among patients with follow-up periods
ranging from 6 to 24 months (data not shown).
In the 12-month follow-up, patients with T2D
newly initiating basal insulin and experiencing
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Table 2 Healthcare resource utilization and costs at baseline for the subset of patients newly initiated on basal insulin with

a 12-month follow-up

Hypoglycemia cohort No hypoglycemia cohort P value
(n = 2495) (» = 53,113)
Baseline all-cause healthcare utilization
Any hospitalization [7 (%)] 1101 (44.1) 14,135 (26.6) <0.001
Any ED visit [# (%)] 1312 (52.6) 20,277 (38.2) <0.001
Baseline diabetes-related healthcare utilization
Any hospitalization [7 (%)] 993 (39.8) 12,300 (23.2) <0.001
Any ED visit [z (%)] 980 (39.3) 13,624 (25.7) <0.001
Baseline all-cause healthcare costs
Total costs [mean (SD), $] 33,301 (59,318) 20,086 (44,771) <0.001
ED costs [mean (SD), $] 987 (2596) 628 (1708) <0.001
Baseline diabetes-related healthcare costs
Total costs [mean (SD), $] 10,026 (19,913) 5820 (12,464) <0.001
ED costs [mean (SD), $] 425 (1441) 257 (987) <0.001
ED emergency department, SD standard deviation
80 35,000 B Hypoglycemia No hypoglycemia
B Hypoglycemia No hypoglycemia 30,719
70 30,000
60 - 55.8° & 25,000
;\? 50 - E 20,000 19,079
hvd 41.0° b=
£ 40 35.1 4 15,000 13,662
2 2
E 30 243 8 10,000 7,9532 7,506
: 4,715
20 2,000 L 3396° 1,821
o o m
Total cost Average quarterly Total cost Average quarterly
0 cost increment cost increment
Any hospitalization Any ED visit All-cause Diabetes-related

Healthcare utilization

Fig. 1 Final model adjusted for baseline differences
showing healthcare utilization associated with patients
newly initiated on basal insulin—subset of patients with
12-month follow-up. Logistic regression was used to model
any inpatient admission and any ED visit. *P < 0.001. ED
emergency department

hypoglycemia in the first 6 months, compared
to those who did not, had higher rates of hos-
pitalization (35.3% vs. 23.3%; P < 0.001) and ED
visits (51.3% vs. 32.3%; P <0.001), as well as

Healthcare cost

Fig. 2 Final model adjusted for bascline differences
showing healthcare costs utilization associated with
patients newly initiated on basal insulin. Generalized
linear model was used to analyze healthcare costs.
P < 0.001

greater annual total all-cause healthcare costs
($28,253 vs. $19,439; P<0.001) and annual
total diabetes-related healthcare costs ($13,458
vs. $7668; P <0.001).
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DISCUSSION

In this real-world analysis of patients newly
initiating basal insulin therapy for the man-
agement of T2D, approximately 5% experienced
hypoglycemia that required medical assistance
during the first 6 months after starting basal
insulin therapy. Compared with those patients
who did not experience hypoglycemia, the
patients in the “hypoglycemia” cohort were
more likely to have comorbid conditions, more
often had experienced hypoglycemia before
starting therapy with basal insulin, and were
slightly older. Nevertheless, compared with
patients without hypoglycemia, those with
hypoglycemia were hospitalized more often and
incurred greater annual diabetes-related
healthcare costs even after controlling for dif-
ferences in baseline differences that included
healthcare costs. Patients with hypoglycemia
were also more likely to discontinue basal
insulin therapy than those patients who did not
experience hypoglycemia soon after starting
insulin. The robustness of these results was
confirmed when consistent trends were
observed on the basis of greater than 60-day or
greater than 90-day prescription gap definitions
of discontinuation, as reported with the pri-
mary greater than 45-day gap definition, as well
as consistency between the primary and exten-
ded analyses, and also the analysis that used
information from the unrelated MarketScan™
database.

It is increasingly recognized that clinical tri-
als might not address issues related to real-world
settings, as they operate in an idealized envi-
ronment and assess limited, standardized pop-
ulations [25]. To the best of our knowledge, this
is the only real-world analysis to date of
healthcare resource use and economic out-
comes related to hypoglycemia occurring soon
after patients newly initiated basal insulin.
Prospective real-world studies may further
complement the data. Discontinuation from
basal insulin therapy soon after initiating the
treatment has important consequences for
patient management. Not only is continuation
with insulin important for achieving treatment
goals, but also greater insulin treatment

persistence is linked to improved clinical out-
comes and reduced healthcare utilization [16].
The impact of hypoglycemia on clinical and
economic outcomes might be alleviated by the
use of newer basal insulin analogues with lower
risks of hypoglycemia, such as Gla-300 and
insulin degludec, which are available in the US
market or were recently approved by the US
Food and Drug Administration, respectively
[9, 10, 26, 27].

Recent studies have used the same or similar
databases for investigating clinical and eco-
nomic outcomes associated with basal insulin
use, but have considered different subpopula-
tions of US patients with T2D than the one used
in this study. In a study of patients with
uncontrolled glycemia (A1C > 9.0%), insulin
continuation was significantly associated with
lower risks of all-cause and diabetes-related
hospital readmissions [28]. In another study,
hypoglycemia was found to be associated with
an increased length of hospital stay and an
increased in-hospital mortality rate [20]. A
recent study that used Truven’s Health Analyt-
ics Commercial Claims and Encounters data-
base identified greater costs over a 12-month
period among patients with intermittent insu-
lin use (early discontinuation and restart)
compared with early discontinuation alone
[29]. Finally, in another analysis that used the
IMPACT™ database, hypoglycemia in patients
with T2D treated with oral antidiabetes drugs
only was associated with treatment discontin-
uation and significantly increased healthcare
costs [30].

There are several limitations associated with
the present study. This was a retrospective
analysis of claims data, which are collected for
billing purposes. As the detection of hypo-
glycemic events was based exclusively on
ICD-9-CM diagnostic codes, any hypoglycemic
events not severe enough to require medical
intervention, and thus result in a healthcare
claim, are excluded. This results in an underes-
timation of the overall incidence of hypo-
glycemia. Furthermore, the sample extracted
from the Clinformatics™ Data Mart for Multi-
plan (IMPACT™) dataset might not be repre-
sentative of all patients with T2D in the USA. A
further issue with studies of this nature is that
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claims data analyses can be subject to selection
bias or confounding, and coding errors. Specific
to this study, discontinuation was measured
using prescription orders. However, the pres-
ence of a claim for a filled prescription does not
necessarily mean that the medication was taken
as prescribed. Finally, specific data were not
available, including the reason for discontinu-
ation, the duration of T2D, and the insulin
dose. Despite the limitations, comparable
results found across the Clinformatics'™ Data
Mart for Multiplan (IMPACT™) and MarketS-
can'™ databases support the consistency and
robustness of this study.

CONCLUSION

This analysis shows that patients who experi-
enced hypoglycemia shortly after basal insulin
initiation were more likely to discontinue
therapy and were associated with greater
healthcare resource use and costs than patients
with no hypoglycemia during the first 6 months
following initiation. These data may help
healthcare decision-makers in their clinical
management of patients with T2D when start-
ing new basal insulin analogues.
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