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ABSTRACT

Introduction: Liraglutide, a glucagon-like pep-
tide-1 receptor agonist (GLP-1 RA), is effective
in patients with type 2 diabetes (T2D), but
treatment discontinuation without new T2D
therapy initiation may compromise outcomes.
Methods: This retrospective cohort study (July
1, 2012, to December 31, 2019) identified
patients C 18 years with T2D in the Optum�

Clinformatics� Data Mart who discontinued
liraglutide (index date). Patients with continu-
ous enrollment for C 12 months before and
after discontinuation (baseline), C 6 months
liraglutide coverage pre-index, and no new T2D
therapy start during follow-up were included.

Changes from baseline in all-cause healthcare
resource utilization (HCRU; outpatient visits,
emergency room [ER] visits, and hospitalization
events), costs, and glycated hemoglobin
(HbA1c) over 12 months after discontinuation
were evaluated.
Results: Overall, 625 of 186,630 patients who
discontinued liraglutide during the baseline
period (mean [standard deviation (SD)] age,
62.1 [10.1] years) were included in the
12-month analysis. A significant increase in the
rate of ER visits (rate ratio [95% confidence
interval (CI)]: 1.23 per 100 person-months
[1.05, 1.43]; P = 0.0079), hospitalizations (1.36
[1.09, 1.70]; P = 0.0056), and outpatient visits
(1.03 [1.01, 1.06]; P = 0.0075) was observed.
Total HCRU costs significantly increased after
discontinuation ($436.12 per patient per month
[$90.07, $782.17]; P = 0.0136), driven by sig-
nificantly higher outpatient costs ($238.70
[$34.16, $443.25]; P = 0.0223). HbA1c increased
significantly by 12 months from mean (SD) 7.37
(1.53) at baseline to 7.63 (1.64; differ-
ence: ? 0.25 [95% CI 0.14, 0.36]; P\ 0.0001).
Conclusions: Patients who discontinued
liraglutide showed increases in HCRU; costs,
mainly driven by outpatient cost; and HbA1c
within 12 months, emphasizing the importance
of treatment optimization on clinical and eco-
nomic outcomes in patients with T2D.

Supplementary Information The online version
contains supplementary material available at https://
doi.org/10.1007/s13300-022-01322-z.

C. Uzoigwe � Y. Liang
Real World Data Science and Innovation, Novo
Nordisk Inc., Plainsboro, NJ, USA

J. Noone � S. N. Ali
Health Economics and Outcomes Research, Novo
Nordisk Inc., Plainsboro, NJ, USA

C. Gamble
Medical Affairs, Novo Nordisk Inc., Plainsboro, NJ,
USA

C. Uzoigwe (&)
Real World Evidence, Novo Nordisk Inc., 800
Scudders Mill Road, Plainsboro, NJ 08536, USA
e-mail: coms@novonordisk.com

Diabetes Ther (2022) 13:1861–1874

https://doi.org/10.1007/s13300-022-01322-z

http://orcid.org/0000-0002-6853-7117
https://doi.org/10.1007/s13300-022-01322-z
https://doi.org/10.1007/s13300-022-01322-z
https://doi.org/10.1007/s13300-022-01322-z
https://doi.org/10.1007/s13300-022-01322-z
http://crossmark.crossref.org/dialog/?doi=10.1007/s13300-022-01322-z&amp;domain=pdf
https://doi.org/10.1007/s13300-022-01322-z


PLAIN LANGUAGE SUMMARY

Liraglutide is indicated in patients with type 2
diabetes and elevated cardiovascular risk or
established cardiovascular disease. In this study,
we observed that adults with type 2 diabetes
who discontinued liraglutide showed increases
in healthcare resource utilization; costs, which
were mainly driven by increases in outpatient
visits; and glycated hemoglobin within 12
months. In adults with type 2 diabetes, treat-
ment discontinuation without restarting or
initiating a new therapy impacts short-term
healthcare resource utilization and economic
outcomes, and future work may further inves-
tigate the long-term implications of sustained
treatment discontinuation.

Keywords: Glucagon-like peptide-1 receptor
agonist; Glycated hemoglobin; Healthcare
resource utilization; Liraglutide; Treatment
optimization; Type 2 diabetes

Key Summary Points

Delayed initiation of treatment and
treatment discontinuation are common in
patients with T2D and may be
attributable in part to clinical inertia,
which substantially contributes to the
clinical and economic burden associated
with T2D in the US.

A better understanding of the clinical and
economic impact of treatment
discontinuation among these patients can
help support and inform multi-
stakeholder programs dedicated to the
continuity of care for patients with T2D,
particularly those with an elevated risk of
cardiovascular disease or other
complications.

This study evaluated changes in HCRU,
costs, and HbA1c over 12 months after
discontinuation of liraglutide among
adults who did not initiate another
modern antidiabetic or insulin therapy.

Post-discontinuation, a significant
increase in the rate of emergency room
visits, hospitalizations, and outpatient
visits was observed over the 12-month
follow-up. Total HCRU costs were
significantly higher 12 months after
discontinuation, mainly driven by
significant outpatient costs. HbA1c
increased significantly at 12 months from
baseline.

Discontinuation of therapy without
restarting or initiating a new therapy
impacts short-term clinical and economic
outcomes for adults with T2D in the US.

INTRODUCTION

According to the 2018 American Diabetes
Association (ADA) estimates, approximately
34.2 million Americans have diabetes [1], of
whom 90–95% have type 2 diabetes (T2D) [2].
T2D and related complications are known to
incur a meaningful clinical and humanistic
burden on patients [3, 4], with a substantial
economic burden on public and private payers
in the United States (US) [5, 6]. For diagnosed
patients, total costs associated with diabetes are
estimated to be $327 billion (2017 estimates),
with $237 billion attributed to direct medical
costs and $90 billion to reduced productivity
[1, 2]. The prevalence and burden of T2D
among Americans C 65 years of age, whether
diagnosed or undiagnosed, are particularly high
(26.8% or 14.3 million seniors) [1, 3].

As the economic burden of T2D increases
with related complications, improving glycemic
control to prevent complications is an impor-
tant clinical goal that can also help reduce costs
[7, 8]. Reduction in glycated hemoglobin
(HbA1c) of 1% is associated with reductions in
all-cause and diabetes-related total healthcare
costs, resulting in annual cost savings of $429
and $736 per patient, respectively [9]. Reducing
T2D complications reduces costs by $67 to $105
per patient per month (PPPM) among
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commercial plan beneficiaries and by $99 to
$158 PPPM among Medicare beneficiaries [3].

Modern non-insulin antidiabetic drugs
(NIADs), such as injectable glucagon-like pep-
tide-1 receptor agonists (GLP-1 RAs), have
demonstrated efficacy, safety, and cost-effec-
tiveness in patients with T2D [10–12]. Liraglu-
tide is recommended as an adjunct to diet and
exercise to improve glycemic control and to
reduce the risk of major adverse cardiovascular
events in adults with T2D and established car-
diovascular disease [13]. Liraglutide is a cost-ef-
fective and budget-neutral treatment option for
T2D from a US third-party payer perspective
[14, 15].

When effective therapeutic options are
available, supporting appropriate treatment
persistence and adherence is important for
achieving optimal outcomes related to glycemic
control and reducing long-term complications,
mortality, and subsequent healthcare resource
utilization (HCRU) and costs [16, 17]. However,
the discontinuation rate for injectable GLP-1
RAs in US clinical practice exceeds 47% after
12 months and 70% after 24 months in patients
with T2D [18]. Numerous factors influence T2D
medication adherence (such as perceived effi-
cacy, occurrence of hypoglycemia, treatment
complexity, convenience, and treatment costs)
and persistence (such as medication class, sex,
younger age, and non-White ethnicity) [19–22].
Delayed initiation of treatment and treatment
discontinuation are common in routine clinical
care for patients with T2D and may be
attributable in part to clinical inertia, which
makes a substantial contribution to the clinical
and economic burden associated with T2D in
the US [23].

A better understanding of the clinical and
economic impact of treatment discontinuation
among these patients can help support and
inform multi-stakeholder programs dedicated
to the continuity of care for patients with T2D,
particularly those with an elevated risk of car-
diovascular disease or other complications. In
this study, we aimed to evaluate changes in
HCRU, costs, and HbA1c over 12 months after
discontinuation of liraglutide among adults
who did not initiate another modern NIAD or
insulin. A subgroup analysis including patients

aged C 65 years and those with 24 months of
follow-up was also performed.

METHODS

This retrospective, non-interventional cohort
study evaluated 12-month changes in all-cause
HCRU and costs among adults (C 18 years old)
with T2D in the Optum� Clinformatics� Data
Mart after discontinuation of liraglutide
between July 1, 2012, and December 31, 2019.
The Optum Clinformatics Data Mart is derived
from a database of medical and pharmacy
administrative claims for members of large
commercial and Medicare Advantage health
plans, including approximately 17–19 million
annual covered lives. The Clinformatics Data
Mart is statistically de-identified under the
Expert Determination method, consistent with
the Health Insurance Portability and Account-
ability Act (HIPAA), and managed according to
Optum customer data use agreements (Optum,
Inc., Eden Prairie, MN; www.optum.com) [24].
The population is geographically diverse and
spans all 50 US states. Optum standard pricing
algorithms create standard prices that reflect the
intensity of care provided, where differences in
price amount to differences in utilization in the
de-identified claims data. The payment
amounts (insurance payment plus the patient
payment) in the pricing algorithm account for
the number of services provided, relative
resource costs, and nature of healthcare uti-
lization. Inpatient evaluations in the algorithm
are based on the Medicare Severity Diagnostic
Related Group (DRG), while outpatient services
are based on the Centers for Medicare and
Medicaid Services (CMS) Outpatient Prospective
Payment System. Lastly, pharmacy costs in the
algorithm are based on First Databank (www.
fdbhealth.com) [25] and adjusted according to
therapeutic category and generic indicator. This
study was conducted using secondary data from
a large commercial health plan. The data were
de-identified; therefore, there was no way to
trace personal health information to any indi-
viduals in the study. As a result, Institutional
Review Board (IRB) approval was not needed.
This study was performed in accordance with
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the Helsinki Declaration of 1964 and its later
amendments.

Patient Population

Adults with T2D who discontinued liraglutide
during the study period were identified; the
date of liraglutide discontinuation was set as the
index date with a 12-month pre-index (base-
line) period. Patients C 18 years of age with C 2
separate diagnoses of T2D on different days
and C 6 months of liraglutide medication cov-
erage during the baseline period (defined as
total days’ supply dispensed; consecutive fills
not required) were included. Discontinuation of
liraglutide was defined as the absence of a refill
for C 180 days after exhaustion of days’ supply.
All eligible patients were to have continuous
health plan coverage for 12 months prior to the
index date and throughout the 12-month fol-
low-up period. The HCRU analysis measured
changes in HbA1c where eligible patients had
HbA1c data available within 90 days prior to the
index date and within 90 days after the end of
the follow-up period (Fig. 1). The list of drug
codes is presented in supplementary informa-
tion, Table S1.

In order to appropriately evaluate the impact
of discontinuing liraglutide therapy without
replacement therapy, patients with a new pre-
scription for a modern NIAD or insulin after
liraglutide discontinuation that was not
observed during the baseline period were
excluded (NIADs included sodium-glucose

cotransporter 2 [SGLT2] inhibitors, dipeptidyl-
peptidase 4 [DPP4] inhibitors, GLP-1 RAs, and
thiazolidinediones [TZD]). Exclusions also con-
sidered a 90-day window for starting a modern
NIAD or insulin prior to the index date, known
as a ‘‘proximate switching’’ approach, as the
start of a new therapy may have overlapped
with the exhaustion of days’ supply for liraglu-
tide. Patients with missing demographic infor-
mation, evidence of coordination of benefits,
pregnancy at any time point during the baseline
or follow-up periods, or evidence of bariatric
surgery or hospice care during the baseline or
follow-up periods were excluded.

Study Variables and Analysis

The study’s primary objective was to evaluate
changes from baseline to 12 months in all-cause
HCRU and costs, including those for outpatient
visits, emergency room (ER) visits, and hospi-
talizations. Patient demographics and clinical
characteristics were evaluated at the index date
and reported as frequencies (percentages) for
categorical variables and means with standard
deviations (SDs) for continuous variables. Out-
patient visits included any patient and health-
care provider interaction resulting in a charge,
whether office-based, home visit, or virtual.
Changes in HbA1c after discontinuation of
liraglutide were also measured among those
with baseline and follow-up HbA1c values. The
average costs PPPM were computed, and the

Fig. 1 Study design. HbA1c glycated hemoglobin, 1Y 1 year, 2Y 2 years
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differences between baseline and 12-month
values were compared.

A subgroup analysis was performed among
adults C 65 years of age for all outcomes. Sec-
ondary analyses were also conducted using a
24-month follow-up period (all adults and
C 65-year subgroup) and among patients who
did not have both baseline and follow-up
HbA1c values (12- and 24-month changes in all
adults).

Incidence rates for each type of HCRU ser-
vice (outpatient visits, ER visits, and hospital-
izations) were calculated for baseline and
follow-up periods based on the count of events
divided by the duration. Poisson test was used
to calculate and test incidence rate ratios
between time periods. Paired t tests were used to
evaluate pre- versus post-discontinuation dif-
ferences in outcomes, with the hypothesis that
there would be no difference at an alpha level of
0.05. All analyses were performed using R 3.6.0
(R Foundation for Statistical Computing,
Vienna, Austria).

RESULTS

Primary Analysis: 12-Month Changes
in HCRU, Costs, and HbA1c

A total of 186,630 adults with T2D who dis-
continued liraglutide during the baseline period
were identified, of whom 625 patients were
eligible for the 12-month primary analysis
(Fig. 2). The mean (SD) age of the primary
analysis cohort was 62.1 (10.1) years, 51% were
women, and approximately half (45%) of all
patients had a Charlson Comorbidity Index
(CCI) score C 3 (Table 1).

A significant increase in the rate of ER visits
(rate ratio [95% confidence interval (CI)]: 1.23
per 100 person-months [1.05, 1.43];
P = 0.0079), hospitalizations (1.36 [1.09, 1.70];
P = 0.0056), and outpatient visits (1.03 [1.01,
1.06]; P = 0.0075) was observed over the
12-month follow-up after liraglutide discontin-
uation (Table 2). Total all-cause medical costs
were significantly higher 12 months after dis-
continuation of liraglutide ($436.12 PPPM
[$90.07, $782.17]; P = 0.0136), driven by

significantly higher outpatient visit costs
($238.70 [$34.16, $443.25]; P = 0.0223;
Table 2). Increases in hospitalization costs
($126.44 [95% CI, $ - 87.66, $340.54];
P = 0.2466) and ER visit costs ($70.97 [95% CI,
$ - 17.09, $159.04]; P = 0.1140) were not sig-
nificant (Table 2). At the 12-month follow-up, a
significant increase in HbA1c (from mean [SD]
7.37 [1.53] to 7.63 [1.64]) was observed versus
baseline (difference: ? 0.25 [95% CI: 0.14,
0.36]; P\0.0001).

Subgroup Analysis: 12-Month Changes
in HCRU, Costs, and HbA1c in the ‡ 65-
Year Subgroup

A total of 288 patients were aged C 65 years and
eligible for the 12-month analysis. The mean
(SD) age of the C 65-year subgroup was 71.1
(4.56) years, 55% were women, and approxi-
mately half (57%) of all patients had a CCI
score C 3 (supplementary information,
Table S2). A significant increase in the rate of ER
visits (rate ratio [95% CI]: 1.31 per 100 person-
months [1.02, 1.69]; P = 0.0344), hospitaliza-
tions (1.80 [1.29, 2.51]; P = 0.0003), and out-
patient visits (1.05 [1.02, 1.09]; P = 0.0022) was
observed over the 12-month follow-up after
liraglutide discontinuation compared with
baseline (Table 3).

Total medical costs over the 12-month fol-
low-up after liraglutide discontinuation signifi-
cantly increased by $837.34 PPPM (95% CI,
$245.99, $1428.69; P = 0.0057) compared with
baseline, also driven by increased outpatient
visit costs ($485.16 [95% CI, $119.15, $851.17];
P = 0.0096). Increases in hospitalization costs
($228.67 [95% CI, $ - 94.37, $551.71];
P = 0.1646) and ER visit costs ($123.50 [95% CI,
$ - 58.89, $305.90]; P = 0.1837) were not sig-
nificant (Table 3). At the 12-month follow-up,
the change in HbA1c from baseline (from mean
[SD] 7.37 [1.43] to 7.46 [1.37]) was not signifi-
cant (difference: 0.09 [95% CI: - 0.05, 0.24];
P = 0.1921).
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Secondary Analyses: 24-Month Changes
in the Overall Cohort and ‡ 65-Year
Subgroup

A total of 237 adults were included in the
overall 24-month follow-up cohort (supple-
mentary information, Figure S1). The mean (SD)
age of the 24-month follow-up cohort was 62.3
(10.6) years, of whom 45% were women and
46% had a CCI score C 3 (supplementary
information, Table S3). A significant increase in
the rate of outpatient visits (rate ratio [95% CI]:
1.06 per 100 person-months [1.03, 1.10];
P = 0.0003) was observed over the 24-month
follow-up after liraglutide discontinuation
compared with baseline (supplementary infor-
mation, Table S4). Total medical costs over the
24-month follow-up after liraglutide discontin-
uation significantly increased by $435.89 PPPM
(95% CI, $9.41, $862.37; P = 0.0452) compared

with baseline. As in the primary analysis, the
major contributor to the increase in total costs
was the increase in outpatient visit costs
($316.21 [95% CI, $76.27, $556.15]; P = 0.01).
Increases in hospitalization costs ($84.72 [95%
CI, $ - 194.92, $364.37]; P = 0.5512) and ER
visit costs ($34.96 [95% CI, $ - 38.78, $108.70];
P = 0.3513) were not significant (supplementary
information, Table S5). At the 24-month follow-
up, the change in HbA1c from baseline (from
mean [SD] 7.42 [1.66] to 7.47 [1.46]) was not
significant (difference: 0.06 [95% CI: - 0.12,
0.23]; P = 0.5327).

A total of 107 adults C 65 years old were
included in the 24-month follow-up subgroup
analysis. Demographic and clinical characteris-
tics were generally comparable to those of the
12-month C 65-year subgroup (supplementary
information, Table S3). A significant increase
was observed in the rate of ER visits (rate ratio:

Fig. 2 Patient attrition in the 12-month follow-up cohort. COB coordination of benefits; HbA1c glycated hemoglobin;
NIAD non-insulin antidiabetic drug; T2D type 2 diabetes
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Table 1 Baseline patient demographics in the 12-month primary analysis cohort

Variable Group Patients, n (%)

Total 625

Age, mean (SD), years 62.1 (10.1)

Sex Female 317 (50.7)

Male 308 (49.3)

Region Midwest 65 (10.4)

Northeast 72 (11.5)

South 340 (54.4)

West 148 (23.7)

Insurance coverage Commercial 295 (47.2)

Medicare 330 (52.8)

Health plan type Exclusive provider organization 49 (7.8)

Health maintenance organization 124 (19.8)

Point of service 207 (33.1)

Preferred provider organization 48 (7.7)

Other 197 (31.5)

Charlson Comorbidity Index score Mean (SD) 3.01 (2.29)

0–1 189 (30.2)

2 152 (24.3)

3 82 (13.1)

4 81 (13.0)

C 5 121 (19.4)

Common system comorbidities Renal 147 (23.5)

Pulmonary 139 (22.2)

Cardiovascular, myocardial 102 (16.3)

Cerebrovascular 60 (9.6)

Liver 62 (9.9)

Malignancy 58 (9.3)

Rheumatic 21 (3.4)

Antidiabetic classes in use while on liraglutide

Metformin Baseline use 425 (68.0)

Sulfonylureas Baseline use 181 (29.0)

Thiazolidinediones Baseline use 65 (10.4)

DPP4 inhibitors Baseline use 81 (13.0)
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1.48 per 100 person-months [1.02, 2.17];
P = 0.0347) over the 24-month follow-up after
liraglutide discontinuation compared with
baseline (supplementary information, Table S4).
Total medical costs over the 24-month follow-
up after liraglutide discontinuation increased by
$553.60 PPPM (95% CI, $ - 211.26, $1318.46;
P = 0.1542) compared with baseline. Increases
in costs related to outpatient visits, hospital-
izations, and ER visits were not statistically sig-
nificant (supplementary information, Table S5).
At the 24-month follow-up, the change in
HbA1c from baseline (mean [SD] 7.33 [1.57] to
7.21 [1.15]) was not significant (differ-
ence: - 0.12 [95% CI: - 0.38, 0.14];
P = 0.3555).

Secondary Analyses: 12- and 24-Month
Changes in Patients Missing the HbA1c
Data Criteria

After removing the baseline and follow-up
HbA1c data requirement, the broader 12-month
secondary analysis cohort comprised 6,674
patients (Fig. 2). Demographic and clinical
characteristics were generally comparable to
those of the primary analysis cohort (supple-
mentary information, Table S6). A statistically
significant increase in the rate of ER visits (rate
ratio [95% CI]: 1.08 per 100 person-months
[1.04, 1.12]; P = 0.0001), hospitalizations (1.24
[1.16, 1.33]; P\0.0001), and outpatient visits
(1.01 [1.01, 1.02]; P = 0.0005) was observed over
the 12-month follow-up after liraglutide dis-
continuation compared with baseline (supple-
mentary information, Table S7). The total cost
over the 12-month follow-up after liraglutide
discontinuation significantly increased by
$364.21 PPPM (95% CI, $261.58, $466.83;
P\ 0.0001). Costs for outpatient visits,

hospitalizations, and ER visits were all signifi-
cantly higher after 12 months compared with
baseline (all P\ 0.001; supplementary infor-
mation, Table S8).

After removing the HbA1c eligibility criteria,
the 24-month secondary analysis cohort com-
prised 2909 patients (supplementary informa-
tion, Figure S1). Overall, 41.9% of patients
were C 65 years of age and 48.1% were male
(supplementary information, Table S6). A sig-
nificant increase in the rate of ER visits (rate
ratio [95% CI]: 1.16 per 100 person-months
[1.10, 1.23]; P\0.0001) and a significant
decrease in outpatient visits (0.98 [0.97, 0.99];
P = 0.0006) were observed over the 24-month
follow-up after liraglutide discontinuation
compared with baseline. The increase in the rate
of hospitalizations (1.09 per 100 person-months
[0.99, 1.20]; P = 0.0713) was not significant
(supplementary information, Table S7). Total
medical costs over the 24-month follow-up after
liraglutide discontinuation significantly
increased by $256.89 PPPM (95% CI, $126.26,
$387.51; P = 0.0001). The major contributor to
the increase in total costs was the significant
increase in outpatient visit costs ($205.49 [95%
CI, $114.61, $296.37]; P\0.0001). Increases in
hospitalization costs ($43.36 [95% CI,
$ - 24.12, $110.85]; P = 0.2078) and ER visit
costs ($8.03 [95% CI, $ - 28.77, $44.83];
P = 0.6687) were not significant (supplementary
information, Table S8).

DISCUSSION

This study demonstrated significant increases in
HCRU, costs, and HbA1c over 12 months after
adults with T2D discontinued liraglutide with-
out restarting or initiating new treatment.
Increases in HCRU were statistically significant

Table 1 continued

Variable Group Patients, n (%)

SGLT2 inhibitors Baseline use 82 (13.1)

Insulin Baseline use 287 (45.9)

DPP4 dipeptidyl peptidase 4; SD standard deviation; SGLT2 sodium-glucose cotransporter 2
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for outpatient visits, ER visits, and hospitaliza-
tions. Significant increases in total all-cause
medical costs appeared to be driven by the
increased costs of outpatient visits. A statisti-
cally significant increase in HbA1c was also
observed after 12 months in this insured adult
cohort; however, the increase was not signifi-
cant at the 24-month follow-up. Results related
to HCRU and costs were generally consistent in
a subgroup analysis of patients C 65 years of age
and secondary analyses accounting for a
24-month follow-up period and absence of
HbA1c values at both baseline and follow-up.

A significant increase in HCRU was observed
in patients C 65 years of age over the 12-month
follow-up after liraglutide discontinuation, with
almost double the increase in cost compared
with the overall cohort. However, over the
24-month follow-up, a significant increase was
observed only in ER visits, suggesting that dis-
continuation and disease progression in
patients C 65 years of age may have led to more
serious complications/comorbidities requiring
ER visits. Additional HCRU from discontinuing
liraglutide in patients C 65 years of age was not
reflected in HbA1c levels at the 12- and
24-month follow-ups. Stopping a therapy for
whatever reason without an appropriate treat-
ment plan can have implications for the health
of the patient and cost to the system. Given the
different drug classes, routes of administration,
and financial assistance programs, no patient
should be allowed to fall through the cracks.
Although we did not evaluate the reasons for
discontinuing liraglutide, non-adherence/non-
persistence negatively impacts the successful
outcome, and this is especially true in the dia-
betes space [18]. Non-adherence to oral antidi-
abetic medications has been associated with
increased risk of hospitalization, greater hospi-
talization costs, and longer hospital stays, as
reported in State Pharmaceutical Assistance
Program (SPAP)-enrolled elderly patients. Med-
ication non-adherence was associated with sig-
nificantly greater all-cause ($22,670 vs. $16,383)
and diabetes-related ($13,518 vs, $12,634) hos-
pitalization costs [26].

Findings from the secondary analysis in
patients without baseline and follow-up HbA1c
data were consistent with the results of the

12-month primary analysis, with a significant
increase in HCRU and associated costs after
liraglutide discontinuation. In the 24-month
follow-up cohort, a significant increase in ER
visits, total costs, and outpatient visit costs was
observed. Over 24 months, patients also had a
slight increase in HbA1c levels and rates of
HCRU events, suggesting that treatment dis-
continuation of this duration may be costly.
Patients in this study were reasonably con-
trolled on liraglutide at baseline based on the
ADA guidelines [27, 28], but their HbA1c levels
started increasing within 12 months of discon-
tinuation, emphasizing the importance of
staying on therapy. As an adjunct treatment,
liraglutide can help achieve the target ADA
guideline [27] recommendations in adults to
lower HbA1c levels without significant hypo-
glycemia or other adverse effects based on pro-
vider judgment and patient preference, or less-
stringent HbA1c goals in appropriate patients
[28]. Short-term outcomes observed in this
study from discontinuing treatment without
restarting or replacing it began to show an
impact on glycemic control and subsequent
requirements for physician encounters, as well
as ER visits and hospitalizations associated with
more urgent and serious care requirements. This
was most evident in the secondary analysis that
did not require the presence of HbA1c values in
the database, which may have approximated a
more authentic real-world population of
patients seen in US clinical practice (since a
quantitative limitation was removed).

Strengths and Limitations

This study should be interpreted in the context
of certain strengths and limitations. We used a
large, geographically diverse administrative
claims database to investigate real-world out-
comes in an insured US population. The pri-
mary and secondary analyses were generally
consistent and may offer generalizability to
insured US adults receiving injectable GLP-1
therapy nationwide. However, as the study
sample was from an administrative claims
database, and represents people insured with
United Healthcare, the T2D population selected
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for the study may not reflect the general T2D
population. Medication use was identified via
evidence of prescription fill dates; however, the
investigators did not have access to information
detailing whether patients took their medica-
tions as prescribed. We did not assess the
potential dose modifications of concomitant
baseline medications (especially for insulin
usage, which was high in this population) in
defining treatment modification, which may
impact the results. We accounted for medical
reasons for treatment discontinuation by
excluding patients with bariatric surgery or
hospice care during the study period, though
other medical reasons not visible in the data
source may have been present. Administrative
coding errors are possible and cannot be ruled
out, creating possible selection bias or misclas-
sification bias. To reduce selection or misclassi-
fication bias, the study required at least two
separate diagnoses of T2D on different days so
as to reduce the error of a misdiagnosis for T2D.

The study data reflect Optum-imputed costs
rather than original paid costs. In addition, as
the cost of metformin is low, some patients pay
out-of-pocket rather than through insurance;
thus, all use of metformin may not have been
captured in the database.

CONCLUSIONS

Adults with T2D who discontinued liraglutide
showed increases in all-cause HCRU, costs, and
HbA1c within 12 months, driven by increases in
outpatient visits. Increased HCRU and costs
were also observed among those with
24 months of follow-up. Findings were consis-
tent in the secondary analysis looking at the
overall population and in a subgroup of
patients C 65 years of age. However, the signif-
icant increase in HCRU observed in patients
aged C 65 years over the 12-month follow-up
after liraglutide discontinuation was almost
double the increase in cost compared with the
overall cohort. Discontinuation of therapy
without restarting or initiating a new therapy
impacts short-term clinical and economic out-
comes, and future work may further investigate
the long-term implications of treatment

discontinuation without replacement for adults
with T2D in the US.
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