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ABSTRACT

Introduction: There are limited real-world data
on the prescribing of glucagon-like peptide-1
receptor agonists (GLP-1 RAs) for patients with
type 2 diabetes mellitus (T2DM).
Methods: This was a retrospective analysis of
the CoDiC� database of the Japan Diabetes
Clinical Data Management Study Group
(JDDM). Demographic and clinical characteris-
tics, concomitant treatment patterns, and GLP-
1 RA treatment persistence or modification in

patients with T2DM initiating GLP-1 RA ther-
apy were evaluated.
Results: The analysis included 932 eligible
patients with T2DMwhohad their first GLP-1 RA
prescription (index date) between September
2016 and July 2018.Mean agewas 63.8 years and
56.0% were male. Most patients had an index
GLP-1 RA of dulaglutide (65.7%) or liraglutide
(29.1%). Common comorbidities were obesity
(58.7%), hypertension (54.7%), dyslipidemia
(52.0%), retinopathy (11.3%), and nephropathy
(10.2%). Mean hemoglobin A1c (HbA1c) levels
decreased from 8.3 to 7.8% over 6 months after
GLP-1 RA initiation, and the proportion of
patients achieving HbA1c\7.0% increased
from 14.4% at index date to 22.9% at 6 months.
Reductions occurred in mean body weight, body
mass index, triglycerides, total cholesterol, low-
density lipoprotein cholesterol, and adjusted
urinary albumin over 6 months. Antidiabetic
medication use decreased after GLP-1 RA initia-
tion, whereas non-antidiabetic medication pre-
scribing showed little change. Index GLP-1 RA
persistence rates were 80.5%, 66.2%, and 51.6%
at 6, 12, and 18 months post-index, respectively,
with a median persistence until discontinuation
or switch of 600 days. Persistence rates at 6, 12,
and 18 months post-index, respectively, were
81.9%, 70.7%, and 65.4% for dulaglutide and
79.7%, 60.0%, and 30.4% for liraglutide.
Conclusion: The study shows real-world bene-
fits of GLP-1 RA therapy for T2DM, including
improvements in HbA1c, body weight, and
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blood lipid profile, and supports the high rates
of long-term persistence previously reported
with dulaglutide, the GLP-1 RA most commonly
prescribed for T2DM in Japanese clinical
practice.

PLAIN LANGUAGE SUMMARY

Glucagon-like peptide-1 receptor agonists (GLP-
1RAs) are drugs that patientswith type 2diabetes
mellitus (T2DM) take to help control their blood
sugar levels. In Japan, the GLP-1 RAs that doctors
can prescribe are dulaglutide, exenatide, liraglu-
tide, and lixisenatide as of May 2020. We con-
ducted a study of howGLP-1 RAs are used to treat
patients with T2DM in Japanese real-world clin-
ical practice. We used a large database of anony-
mous information from hospitals and clinics in
Japan. Over 900 adult patients started their first
GLP-1 RA treatment for T2DM between Septem-
ber 2016 and July 2018. Before these patients
started GLP-1 RA treatment, many were over-
weight, had high blood pressure, and had
abnormal levels of lipids in their blood. Six
months after starting GLP-1 RA treatment, on
average these patients had lower hemoglobin
A1c (a measure of average blood sugar levels),
lower body weight, and better blood lipid levels
than before they started GLP-1 RA treatment.
Dulaglutide was the most common GLP-1 RA
prescribed, then liraglutide. After 6 months,
most patients (four-fifths) continued to use their
GLP-1 RA treatment without stopping or chang-
ing to another treatment. After 18 months, half
of the patients were still using their GLP-1 RA.
Two-thirds of patients on dulaglutide and one-
third of patients on liraglutide continued the
treatment after 18months. This study shows that
GLP-1 RAs can benefit patients with T2DM in
real-world clinical practice. It also shows that
patients may be able to take long-term dulaglu-
tide treatment.

Keywords: Diabetes mellitus, type 2;
Glucagon-like peptide-1 receptor agonist;
Registry; Treatment persistence

Key Summary Points

Why carry out this study?

There are limited data on the prescribing
of glucagon-like peptide-1 receptor
agonists (GLP-1 RAs) for patients with
type 2 diabetes mellitus (T2DM) in
Japanese clinical practice.

What was learned from the study?

Patients initiating GLP-1 RA therapy
commonly have comorbid obesity
(58.7%), hypertension (54.7%), and
dyslipidemia (52.0%).

GLP-1 RA therapy was associated with
improvements in hemoglobin A1c, body
weight, and blood lipid profile at 6
months after patients initiated treatment.

Index GLP-1 RA persistence rates were
80.5%, 66.2%, and 51.6% at 6, 12, and 18
months post-index, respectively, with a
median persistence until discontinuation
or switch of 600 days.

Dulaglutide, the most commonly
prescribed GLP-1 RA (65.7%), showed
persistence rates at 12 and 18 months of
70.7% and 65.4%, respectively, and
liraglutide showed persistence rates of
60.0% and 30.4%, respectively.

DIGITAL FEATURES

This article is published with digital features to
facilitate comprehension of the article. To view
digital features for this article, go to https://doi.
org/10.6084/m9.figshare.13281140.

INTRODUCTION

An estimated 13.6% of the Japanese adult pop-
ulation are strongly suspected of having dia-
betes mellitus [1]. The prevalence of strongly
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suspected diabetes mellitus has almost doubled
over the past 20 years in Japanese males, from
9.9% in 1997 to 18.1% in 2017, and has
increased in females from 7.1 to 10.5% [1, 2].
Clinical guidelines published by the Japan Dia-
betes Society recommend oral antidiabetic
medications and/or injectable glucagon-like
peptide-1 receptor agonists (GLP-1 RAs) or
insulin for non-insulin-dependent patients with
diabetes that is not controlled by diet and
exercise, and combination therapy of insulin
plus oral antidiabetic medications or GLP-1 RAs
in diabetic patients requiring intensive insulin
therapy [3]. However, unlike clinical guidelines
from the United States (US) or Europe [4],
Japanese guidelines do not recommend specific
first-line or combination antihyperglycemic
agents from the available treatment options [3].
Consequently, the choice of diabetes medica-
tion prescribed in Japan depends predomi-
nantly on physician judgment and preference.

Previous studies have identified differences
in prescribing patterns between Japan and the
US or Europe for patients with type 2 diabetes
mellitus (T2DM), such as earlier and more fre-
quent use of dipeptidyl peptidase-4 (DPP-4)
inhibitors in Japan [5, 6]. These variations in
treatment practices may have arisen because
Asian patients with T2DM, including Japanese,
are characterized to a greater extent by impaired
insulin secretion rather than by increased
insulin resistance when compared with Cau-
casian patients [7]. Additionally, because of
increases in obesity among Japanese diabetic
patients, Japanese physicians may prefer to
prescribe treatments that are not associated
with weight increase or that promote weight
loss [8]. To date, there has been insufficient
evidence in Japanese patients with T2DM to
determine the most appropriate first-line or
second-line antihyperglycemic medications [9].

GLP-1 RAs, also known as incretin mimetics,
are a class of injectable antidiabetic drugs that
stimulate glucose-dependent insulin secretion,
suppress postprandial glucagon secretion, and
induce satiety by slowing gastric emptying,
leading to weight loss [10–12]. In Japan, GLP-1
RAs have been available for 10 years, with the
approval of liraglutide and exenatide in 2010, a
once-weekly regimen of exenatide in 2012,

lixisenatide in 2013, and dulaglutide in 2015.
Despite GLP-1 RAs showing greater efficacy in
Asian versus non-Asian populations [13], and
their beneficial effects on weight loss [10], the
use of GLP-1 RAs in Japan is low [14]. Although
GLP-1 RAs are recommended treatment options
for patients with T2DM in the Japan Diabetes
Society guidelines [3], there are limited data on
the prescribing of GLP-1 RAs in Japanese clinical
practice.

The aim of this retrospective analysis of
Japanese diabetes registry data was to under-
stand GLP-1 RA use in patients with T2DM by
assessing the demographic and clinical charac-
teristics of patients initiating GLP-1 RA therapy.
The study also assessed concomitant treatment
patterns of patients initiating GLP-1 RA therapy
and GLP-1 RA treatment persistence or modifi-
cation in this Japanese real-world clinical
setting.

METHODS

Study Design

This retrospective observational study analyzed
data from the Computerized Diabetes Care
database (CoDiC�) of the Japan Diabetes Clin-
ical Data Management Study Group (JDDM).
This database was specifically developed by the
JDDM to promote research on medical care for
diabetes in Japan [15]. CoDiC is a large validated
database containing anonymized, longitudinal,
patient-level information, including diagnoses,
laboratory results, and prescription data. The
database holds records for approximately
60,000 patients from 98 institutions specializ-
ing in diabetes treatment across Japan and is
updated annually.

The study protocol was approved by the
JDDM Ethical Review Board (JDDM2018-2). All
patients provided informed consent. The study
was conducted in accordance with the ethical
principles of the Declaration of Helsinki 1964
and its later amendments, Good Pharmacoepi-
demiology Practices, and applicable local laws
and regulations.
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Patient Selection

The target population was adult Japanese
patients with T2DM who were identified as new
users of GLP-1 RA therapy based on the date of
their first GLP-1 RA prescription (the index date)
in CoDiC database records. Eligible patients were
those with an index date (first GLP-1 RA pre-
scription date) between September 1, 2016 and
July 31, 2018, who had been previously diag-
nosed with T2DM and were C 18 years on their
index date. The index date window of September
2016 to July 2018 was chosen to commence once
prescribing restrictions were consistent for all
GLP-1 RAs, as new pharmaceutical products in
Japan are generally restricted to 14-day prescrip-
tions for the first year. Patients were to have fol-
low-up data, defined as evidence of prescription
activity for any drug, for C 6 months before
and C 6 months after their index date. To cap-
ture C 6 months of data either side of the index
date window, the analysis included CoDiC data
from March 1, 2016 to January 31, 2019.

Patients were excluded if their records for the
6 months before the index date showed previ-
ous GLP-1 RA use; if they were prescribed any
GLP-1 RA therapy for weight loss; had type 1 or
gestational diabetes; or had undergone bariatric
surgery. GLP-1 RA prescriptions were identified
by searching for the five GLP-1 RA regimens
that were approved and commercially available
in Japan: liraglutide, exenatide twice daily,
exenatide once weekly, lixisenatide, and
dulaglutide.

Outcome Measures

Patient information obtained from the CoDiC
database included age at index date, sex, dura-
tion of T2DM from onset to index date, and
comorbidities (predefined as nephropathy,
retinopathy, myocardial infarction, cerebral
infarction, hypertension, dyslipidemia, lower
extremity amputations, and obesity, defined as
body mass index [BMI] C 25 kg/m2). Comorbid
hypertension and dyslipidemia were identified
by prescriptions for antihypertensive or lipid-
lowering treatments, respectively, and other

comorbidities were identified directly from
database records.

Clinical characteristics data included hemo-
globin A1c (HbA1c), weight, BMI, triglycerides
(TG), total cholesterol (TC), high-density
lipoprotein cholesterol (HDL-C), low-density
lipoprotein cholesterol (LDL-C), serum crea-
tinine, and urinary albumin adjusted for crea-
tinine. Available data for clinical characteristics
were identified at the index date, using the
closest available assessment to the index date in
a window of - 183 days to ? 14 days, and also
at 6 months (183 days) follow-up, using the
closest available assessment in a window
of ? 93 days to ? 228 days. An exploratory
analysis of HbA1c at index date and at 6 months
follow-up was performed in the subpopulation
of GLP-1 RA continuers, defined as patients who
continued their index GLP-1 RA therapy for the
6-month post-index period. The subpopulation
of GLP-1 RA continuers comprised 80.5% of the
GLP-1 RA population. Changes in clinical
characteristics from index date to 6 months
after GLP-1 RA initiation were calculated for
HbA1c, weight, and BMI. The proportions of
patients with HbA1c levels of\ 6.0%, C 6.0%
to\7.0%, C 7.0% to\8.0%, and C 8.0% at
index date and at 6 months follow-up were
calculated.

Medication use was identified from the data-
base records based on prescription data. Medi-
cations for the 6-month pre-index period were
those prescribed during a window of - 183 days
to - 1 day before the index date. Concomitant
medications during the 6-month post-index
period included medications prescribed at the
index date andmedications that were prescribed
during both the 6-month pre-index period and
the post-index period (index date to the index
GLP-1 RA discontinuation or switch date
or ? 183 days, whichever came first), with an
interval between consecutive prescriptions of
B 90 days that overlapped with the index date.
GLP-1 RA prescriptions were categorized by
individual product. Antidiabetic medications
were categorized by product class (alpha-glu-
cosidase inhibitors, biguanides, DPP-4 inhibi-
tors, glinides, sodium-glucose transport protein
2 [SGLT2] inhibitors, sulfonylureas, thiazo-
lidinediones, and prandial, basal, and premix
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insulins), and non-antidiabetic medications
were categorized by therapy class (antiplatelet
medication, antihypertensive medication, and
lipid-lowering medication).

Index GLP-1 RA treatment modifications
were classified as discontinuation, switch, or
augmentation, and were assessed using overall
follow-up data at 6, 12, and 18 months post-
index. As physicians in Japan prescribe suffi-
cient medication to cover the duration between
visits and patients make an average of 12 visits
to specialists per year [16], discontinuation was
defined as an absence of any prescription for the
index GLP-1 RA for[ 60 days since the previous
visit. Switch was defined as the prescription of a
new antidiabetic medication within 30 days
before or after discontinuation of the index
GLP-1 RA. Augmentation was defined as the
prescription of a new antidiabetic medica-
tion[ 30 days before index GLP-1 RA discon-
tinuation or the end of the follow-up period,
whichever came first. Time to treatment modi-
fications of the index GLP-1 RA was evaluated,
as well as persistence, which was defined as the
duration of index GLP-1 RA therapy from initi-
ation to discontinuation or switch.

Statistical Analysis

Analyses were conducted for the GLP-1 RA
population, which included all eligible patients
identified from the database, and for the sub-
groups of patients with an index GLP-1 RA of
dulaglutide or liraglutide. The proportions of
patients with an index GLP-1 RA of lixisenatide,
exenatide twice daily, or exenatide once weekly
were insufficient for separate by-treatment
analyses. Patient demographic and clinical
characteristics, medication use, and GLP-1 RA
treatment persistence and modifications were
summarized descriptively. Persistence was
described using Kaplan–Meier survival analysis.
Missing data were not imputed for any outcome
measures. Statistical analysis was performed by
Deloitte Tohmatsu Consulting LLC using R
version 3.6.1 (R Foundation for Statistical
Computing, Vienna, Austria).

RESULTS

Patient Population and Characteristics

A total of 932 patients with T2DM met the eli-
gibility criteria and were included in the GLP-1
RA population (Fig. 1). The majority of the
patients had an index GLP-1 RA therapy of
dulaglutide (612 patients; 65.7%) or liraglutide
(271 patients; 29.1%). The remaining patients
were prescribed lixisenatide (38 patients; 4.1%),
exenatide twice daily (6 patients; 0.6%), or
exenatide once weekly (5 patients; 0.5%) as the
index GLP-1 RA. Among the GLP-1 RA popula-
tion, 750 patients (80.5%) continued to take
their index GLP-1 RA therapy for C 6 months
and were included in the GLP-1 RA continuer
subpopulation (Fig. 1).

The mean age in the GLP-1 RA population
was 63.8 years, and 56.0% of patients were male
(Table 1). The mean duration of diabetes was

Fig. 1 Patient identification. GLP-1 RA glucagon-like
peptide-1 receptor agonist, JDDM Japan Diabetes Clinical
Data Management Study Group, T1DM type 1 diabetes
mellitus, T2DM type 2 diabetes mellitus
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16.1 years, with 45.7% of patients having had
diabetes for C 15 years. The most common
comorbidities were obesity (58.7%), hyperten-
sion (54.7%), dyslipidemia (52.0%), retinopathy
(11.3%), and nephropathy (10.2%) (Table 1).

Change in HbA1c

At 6 months after GLP-1 RA treatment initia-
tion, mean HbA1c levels decreased from 8.3 to
7.8% in the GLP-1 RA population (Fig. 2a), with
25.3% of patients experiencing a reduction in
HbA1c[ 1.0%. The proportion of patients who
achieved the target HbA1c\ 7.0% increased

Table 1 Patient characteristics

Variable All GLP-1 RA (n = 932) Dulaglutide (n = 612) Liraglutide (n = 271)

Age, years 63.8 (13.3) 64.6 (13.3) 63.4 (12.8)

Age category, years, n (%)

18–29 9 (1.0) 5 (0.8) 3 (1.1)

30–39 32 (3.4) 17 (2.8) 11 (4.1)

40–49 110 (11.8) 67 (10.9) 29 (10.7)

50–59 168 (18.0) 112 (18.3) 44 (16.2)

60–69 275 (29.5) 177 (28.9) 90 (33.2)

70–79 226 (24.2) 142 (23.2) 74 (27.3)

C 80 112 (12.0) 92 (15.0) 20 (7.4)

Male, n (%) 522 (56.0) 329 (53.8) 171 (63.1)

Body weight, kga 71.7 (17.9) 71.1 (17.6) 71.6 (17.5)

BMI, kg/m2b 27.4 (5.4) 27.5 (5.4) 26.8 (5.3)

Duration of diabetes, yearsc 16.1 (9.6) 16.2 (9.6) 16.5 (9.5)

Comorbidities, n (%)

Obesity 547 (58.7) 367 (60.0) 140 (51.7)

Hypertension 510 (54.7) 326 (53.3) 163 (60.1)

Dyslipidemia 485 (52.0) 317 (51.8) 144 (53.1)

Retinopathy 105 (11.3) 55 (9.0) 42 (15.5)

Nephropathy 95 (10.2) 76 (12.4) 15 (5.5)

Myocardial infarction 2 (0.2) 1 (0.2) 1 (0.4)

Cerebral infarction 2 (0.2) 1 (0.2) 1 (0.4)

Lower extremity amputations 0 0 0

Data are mean (standard deviation) unless otherwise stated
BMI body mass index, GLP-1 RA glucagon-like peptide-1 receptor agonist
a All GLP-1 RA n = 844; dulaglutide n = 554; liraglutide n = 243
b All GLP-1 RA n = 831; dulaglutide n = 545; liraglutide n = 239
c All GLP-1 RA n = 888; dulaglutide n = 584; liraglutide n = 256
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from 14.4% at the index date to 22.9% at
6 months post-index, whereas the proportion of
patients with HbA1c C 8.0% decreased from
58.0 to 37.7% (Fig. 3a).

Mean HbA1c levels at the time of treatment
initiation were 8.4% and 8.1% for patients in
the dulaglutide and liraglutide groups, respec-
tively (Fig. 2a). At 6 months after treatment
initiation, both the dulaglutide and liraglutide
groups showed decreases in mean HbA1c levels
of 0.45% and 0.50%, respectively (Fig. 2a). The
proportion of patients achieving the target
HbA1c (Fig. 3a) increased with dulaglutide and

liraglutide and were consistent with the GLP-1
RA population. The proportion of patients with
a[ 1% reduction in HbA1c was 26.8% in the
dulaglutide group and 23.5% in the liraglutide
group.

GLP-1 RA Continuer Analysis of Change
in HbA1c

In the GLP-1 RA continuer subpopulation,
which included all patients who continued on
their index GLP-1 RA therapy for C 6 months,
the reduction in mean HbA1c from index date
to 6 months post-index (0.53%; Fig. 2b) was
consistent with the overall GLP-1 RA popula-
tion (0.45%; Fig. 2a). The proportion of patients
with a reduction in HbA1c of[1.0% was also
similar for the GLP-1 RA continuers (27.7%) and
the overall GLP-1 RA population (25.3%). The
target HbA1c of\ 7.0% was achieved by 13.1%
of GLP-1 RA continuers at the index date,
increasing to 23.4% at 6 months post-index,
whereas the proportion of continuers with
HbA1c C 8.0% decreased from 59.3% to 36.3%
over the 6-month post-index period (Fig. 3b).

Reductions in mean HbA1c from index to
6 months post-index were 0.52% and 0.60% in
GLP-1 RA continuers receiving dulaglutide and
liraglutide, respectively (Fig. 2b), and a reduc-
tion in HbA1c of[1.0% was achieved in 29.1%
of dulaglutide continuers and 26.0% of liraglu-
tide continuers. Improvements in target HbA1c
achievement (Fig. 3b) seen after 6 months of
treatment with dulaglutide or liraglutide were
consistent with those seen in the GLP-1 RA
population (Fig. 3a).

Other Clinical Characteristics

During the 6-month period after initiating GLP-
1 RA, patient clinical characteristics in the GLP-
1 RA population generally showed clinically
meaningful improvement. Mean body weight
decreased by 1.3 kg (Fig. 4f) and mean BMI
decreased by 0.5 kg/m2 (Fig. 4g). Reductions
were also seen in mean concentrations of TG
(10.8 mg/dL; Fig. 4a), TC (4.7 mg/dL; Fig. 4b),
LDL-C (2.2 mg/dL; Fig. 4d), and adjusted uri-
nary albumin (15.5 mg/dL Cre; Fig. 4e). There

Fig. 2 Change in mean HbA1c from index date to
6 months post-index for a the GLP-1 RA population and
b the GLP-1 RA continuers subpopulation (patients who
continued on their index GLP-1 RA therapy
for C 6 months). Data are mean ± standard deviation.
Index date includes the closest available HbA1c assessment
to the index date in a window of - 183 days
to ? 14 days; 6 months post-index includes the closest
available HbA1c assessment to 183 days in a window
of ? 93 days to ? 228 days. GLP-1 RA glucagon-like
peptide-1 receptor agonist, HbA1c hemoglobin A1c
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was a minimal increase in HDL-C levels
(0.1 mg/dL; Fig. 4c) in the GLP-1 RA population
and no change in mean serum creatinine.

The reduction in the mean TG at 6 months
post-index for liraglutide was 30.4 mg/dL, while
the reduction for dulaglutide was 0.7 mg/dL

(Fig. 4a). Mean HDL-C increased by 0.4 mg/dL
in the dulaglutide group and decreased by
0.6 mg/dL in the liraglutide group (Fig. 4c);
however, the small changes in HDL-C were not
considered to be clinically meaningful.

Fig. 3 HbA1c target achievement at index date and
6 months post-index for a the GLP-1 RA population and
b the GLP-1 RA continuers subpopulation (patients who
continued on their index GLP-1 RA therapy
for C 6 months). Index date includes the closest available
HbA1c assessment to the index date in a window of

- 183 days to ? 14 days; 6 months post-index includes
the closest available HbA1c assessment to 183 days in a
window of ? 93 days to ? 228 days. GLP-1 RA gluca-
gon-like peptide-1 receptor agonist, HbA1c hemoglobin
A1c
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Antidiabetic Medication

In the 6 months before initiating GLP-1 RA
therapy, 94.0% of patients in the GLP-1 RA
population were prescribed oral antidiabetic
medication, with most receiving 2 or 3 classes of
antidiabetic medication (26.9% and 28.5%,
respectively; Table 2). In the 6 months after
initiating GLP-1 RA therapy, the use of oral
antidiabetic medication decreased to 85.3% of
patients, with most patients receiving 1 or 2
classes of antidiabetic (33.0% and 33.5%,
respectively). Prescribing decreased for all clas-
ses of oral and injectable antidiabetic medica-
tions during the post-index period (Fig. 5a). The
largest change was in DPP-4 inhibitors, which
were the most commonly prescribed antidia-
betic class during the pre-index period (74.1%)
and decreased in usage to 9.0% after GLP-1 RA
therapy initiation (Table S1 in the Electronic
supplementary material, ESM). The decrease in
prescribing after GLP-1 RA therapy initiation
was generally consistent across all other antidi-
abetic medication classes. Biguanides were the
second most commonly prescribed antidiabetic
before the index date and the most common
after the index date. In the pre-index period,
24.8% of dulaglutide patients and 11.1% of
liraglutide patients were receiving C 4 classes of
oral antidiabetic medication (Table 2). Never-
theless, a large decrease in DPP-4 inhibitor use
and small decreases in the use of all other oral
and injectable antidiabetic classes were seen in
the dulaglutide and liraglutide groups (Fig. 5b
and c), which were consistent with the overall
GLP-1 RA population.

Non-antidiabetic Medication

The use of non-antidiabetic medication
remained consistent after the initiation of GLP-
1 RA therapy (Table S2 in the ESM). Antihy-
pertensive medication was used by approxi-
mately half of the patients in the GLP-1 RA
group during the pre-index and post-index
periods; angiotensin II receptor blockers and
calcium channel blockers were the most com-
monly prescribed antihypertensive medications
(Table S2 in the ESM). A lipid-lowering

medication was also used by approximately half
of patients in the pre-index and post-index
periods, with statins being the most commonly
prescribed of these medications. Overall, pre-
scribing of non-antidiabetic medication in the
dulaglutide and liraglutide groups was consis-
tent with that in the GLP-1 RA population.

GLP-1 RA Treatment Persistence
and Modification

At 6 months post-index, 80.5% (95% confi-
dence interval [CI] 77.8–83.0%) of patients
persisted with their index GLP-1 RA therapy in
the GLP-1 RA population, including 10.2% of
patients whose index GLP-1 RA therapy was
augmented (Table 3). Persistence rates at 12 and
18 months post-index were 66.2% and 51.6%,
respectively. The median duration of persis-
tence until discontinuation or switch during
the overall follow-up was 600 days. At all time
points, most patients who no longer persisted
with their index GLP-1 RA had discontinued,
while a minority had switched to a new
antidiabetic medication (Table 3).

Persistence rates were 81.9% (95% CI
78.6–84.8%) in the dulaglutide group and
79.7% (95% CI 74.4–84.3%) in the liraglutide
group at 6 months after initiation of therapy
(Table 3). At 12 and 18 months, respectively,
70.7% and 65.4% of patients were persisting on
their index dulaglutide therapy, and 60.0% and
30.4% of patients were persisting on liraglutide
over the same period (Table 3; Fig. 6). The
median duration of persistence for liraglutide
was 440 days. Median duration of persistence
could not be calculated for dulaglutide, as
greater than 50% of patients continued their
index therapy over the follow-up period.

DISCUSSION

This is the first known analysis of GLP-1 RA
prescribing patterns in Japanese patients with
T2DM using the CoDiC database of the JDDM.
On average, patients initiated on GLP-1 RA
therapy were over 60 years of age, had been
diagnosed with T2DM for more than 16 years,
were characterized by comorbid obesity,
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hypertension, and dyslipidemia, and were fail-
ing to meet glycemic targets despite receiving
multiple antidiabetic therapies. Improvements
in mean HbA1c and in the proportion of
patients achieving target HbA1c\ 7.0% were
seen by 6 months after GLP-1 RA initiation, and
were confirmed in the subgroup of patients who
continued their index GLP-1 RA throughout the
6-month follow-up. Improvements were also
seen in mean body weight and BMI, coupled
with decreases in mean TC, TG, LDL-C, and
adjusted urinary albumin. Approximately two-
thirds of patients were prescribed dulaglutide as
their first GLP-1 RA, and almost one-third were
prescribed liraglutide. Because less than 5% of
patients were prescribed each of the other GLP-
1 RAs, subgroup analyses for these patients were
not feasible. Over 80% of patients persisted with
GLP-1 RA index therapy at 6 months, and per-
sistence rates remained high with dulaglutide at
12 and 18 months. These results illustrate the
health outcome benefits of GLP-1 RA therapy in

T2DM and the high persistence achieved with
dulaglutide in real-world clinical practice in
Japan.

Consistent with our findings in a Japanese
population, the tendency to prescribe GLP-1 RA
therapy in patients with obesity and poorly
controlled diabetes has been reported in a
European study of patients with T2DM [17]. In
addition, similarly high incidences of comorbid
hypertension and dyslipidemia, and the com-
mon use of concomitant antihypertensive and
lipid-lowering medications, have been identi-
fied in patients initiating GLP-1 RA in US and
European populations [18, 19]. However,
patients in European and US studies initiated
GLP-1 RAs at a younger mean age [17, 18, 20]
and after a shorter duration of diabetes [17]
than in our Japanese study. The decrease in
mean HbA1c levels at 6 months in our study
(0.45%) was slightly smaller than in real-world
analyses from the US, which have shown
decreases of 0.90% at 6 months after initiating
dulaglutide and 0.52% at 12 months after ini-
tiating GLP-1 RA therapy in patients with T2DM
[21, 22]. This may be because DPP-4 inhibitors,
which have a similar basis of action to GLP-1
RAs [23], are more commonly used in Japan
than in the US and Europe [5, 6], and most
Japanese patients in our study stopped DPP-4
inhibitor use when initiating GLP-1 RA therapy.
The smaller decreases in HbA1c seen in real-
world data compared with clinical trials have
been associated with poorer adherence to

bFig. 4 Change from index date to 6 months post-index
for the GLP-1 RA population in mean a TG, b TC,
c HDL-C, d LDL-C, e urinary albumin adjusted for
creatinine, f weight, and g body mass index. Data are
mean ± standard deviation. BMI body mass index, GLP-1
RA glucagon-like peptide-1 receptor agonist, HDL-C high-
density lipoprotein cholesterol, LDL-C low-density
lipoprotein cholesterol, TC total cholesterol, TG
triglycerides

Table 2 Number of classes of oral antidiabetic medications prescribed in the GLP-1 RA populations

Variable All GLP-1 RA (n = 932) Dulaglutide (n = 612) Liraglutide (n = 271)

6 months pre-
index

6 months post-
index

6 months pre-
index

6 months post-
index

6 months pre-
index

6 months post-
index

Oral antidiabetic medication classes, n (%)

0 56 (6.0) 137 (14.7) 31 (5.1) 76 (12.4) 22 (8.1) 54 (19.9)

1 174 (18.7) 308 (33.0) 89 (14.5) 192 (31.4) 68 (25.1) 96 (35.4)

2 251 (26.9) 312 (33.5) 157 (25.7) 211 (34.5) 77 (28.4) 86 (31.7)

3 266 (28.5) 143 (15.3) 183 (29.9) 107 (17.5) 74 (27.3) 29 (10.7)

C 4 185 (19.8) 32 (3.4) 152 (24.8) 26 (4.2) 30 (11.1) 6 (2.2)

GLP-1 RA glucagon-like peptide-1 receptor agonist
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diabetes medication in clinical practice than in
a trial setting [22]. Although we were unable to
assess HbA1c at 12 and 18 months in our study,

it is likely that reductions in HbA1c would have
continued while patients persisted on their
medication, as seen in non-Japanese studies
[18, 22]. Reported 12-month GLP-1 RA persis-
tence rates of 63.6–70.5% (reported as non-
persistence rates of 29.5–36.4%) in Europe [24]
and 51.9% in the US [25] are consistent with the
GLP-1 RA persistence rate of 66.2% seen in our
study at 12 months, despite the eligibility
requirement of C 6 months post-index follow-

bFig. 5 Antidiabetic medications prescribed during
6 months pre-index and 6 months post-index for a the
GLP-1 RA population, b patients with an index GLP-1
RA of dulaglutide, and c patients with an index GLP-1 RA
of liraglutide. DPP-4 dipeptidyl peptidase-4, GLP-1 RA
glucagon-like peptide-1 receptor agonist, SGLT2 sodium-
glucose transport protein 2

Table 3 Index GLP-1 RA persistence and first modification at 6 months post-index and during overall follow-up

Variable All GLP-1 RA
(n = 932)

Dulaglutide
(n = 612)

Liraglutide
(n = 271)

Persistencea, % (95% CI)

6 months 80.5 (77.8–83.0) 81.9 (78.6–84.8) 79.7 (74.4–84.3)

12 months 66.2 (63.1–69.5) 70.7 (67.0–74.6) 60.0 (54.2–66.4)

18 months 51.6 (47.7–55.9) 65.4 (61.0–70.1) 30.4 (24.3–38.1)

Duration of persistencea, days, median (95%

CI)

600 (526.0–NC) NC 440 (396.0–484.0)

Any first index treatment modificationb, n (%)

6 months 274 (29.4) 173 (28.3) 79 (29.2)

Overall follow-up 507 (54.4) 293 (47.9) 183 (67.5)

First discontinuationc, n (%)

6 months 148 (15.9) 94 (15.4) 43 (15.9)

Overall follow-up 279 (29.9) 145 (23.7) 118 (43.5)

First switchd, n (%)

6 months 32 (3.4) 16 (2.6) 11 (4.1)

Overall follow-up 50 (5.4) 22 (3.6) 21 (7.7)

First augmentatione, n (%)

6 months 95 (10.2) 64 (10.5) 25 (9.2)

Overall follow-up 179 (19.2) 127 (20.8) 44 (16.2)

CI confidence interval, NC not calculable, GLP-1 RA glucagon-like peptide-1 receptor agonist
a Persistence was the duration of index GLP-1 RA therapy from initiation to discontinuation or switch
b Any first index GLP-1 RA treatment modification included the first post-index discontinuation, switch, or augmentation
c Discontinuation was an absence of any prescription for the index GLP-1 RA for[ 60 days since the previous visit
d Switch was the prescription of a new antidiabetic medication within 30 days before or after discontinuation of the index
GLP-1 RA
e Augmentation was the prescription of a new antidiabetic medication[ 30 days before index GLP-1 RA discontinuation
or the end of the follow-up period, whichever came first
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up in our study versus C 12 months in the
European and US studies.

In this study, initiation of any GLP-1 RA
therapy was associated with a decrease in the
number of concomitant antidiabetic medica-
tions, suggesting that GLP-1 RAs are being pre-
scribed as a replacement rather than an addition
to existing antidiabetic therapy. Concomitant
DPP-4 inhibitor use decreased dramatically after
initiation of GLP-1 RA therapy. Some prefec-
tures in Japan allow reimbursement for con-
comitant use of DPP-4 inhibitors during GLP-1
RA therapy; however, the 9% of patients pre-
scribed concomitant DPP-4 inhibitors in this
study may include patients who switched from
GLP-1 RA to DPP-4 inhibitor therapy but whose
discontinuation of GLP-1 RA therapy was not
immediately reflected in prescribing data,
which is a recognized limitation of prescription
data analyses. All other oral antidiabetic medi-
cations and insulins showed smaller, consistent
decreases in prescribing post-index. As GLP-1
RA therapy is not recommended in patients
with poorly controlled HbA1c using multiple
oral antidiabetic medications, early initiation of
GLP-1 RAs is advised.

GLP-1 RAs have been shown to reduce body
weight by slowing gastric emptying and

inducing satiety [10–12]. Obesity was a com-
mon comorbidity in GLP-1 RA initiators, and
both dulaglutide and liraglutide were associated
with reduced body weight and BMI at 6 months
post-index, despite neither treatment signifi-
cantly decreasing body weight in Japanese
patients with T2DM in a clinical trial setting
[26, 27]. An earlier study in Japan indicated that
diabetes specialists choose GLP-1 RAs for obese
patients with T2DM, suggesting that concerns
over weight loss as well as glycemic control are
driving prescribing decisions [9]. This reflects
findings in other countries of high BMI in
patients initiating GLP-1 RAs [17, 20].

Interpretation of the findings from this study
should take into account the retrospective nat-
ure of the study design, lack of comparative
analyses, and strengths and limitations of the
CoDiC database. First, the database includes a
large number of patients and reflects a real-
world T2DM population in Japan, but because
patients in the database are treated by diabetes
specialists, and predominantly at clinics rather
than hospitals, the findings from this study may
not be representative of the entire population.
Additionally, data collection is per institution,
so patient follow-up is incomplete if patients are
transferred from JDDM institutions to

Fig. 6 Kaplan–Meier analysis of GLP-1 RA persistence during the overall follow-up period. GLP-1 RA glucagon-like
peptide-1 receptor agonist
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occasionally use non-JDDM institutions. How-
ever, as GLP-1 RA therapy is generally initiated
at specialist clinics in Japan, the coverage of the
database can likely be considered representative
of new users of GLP-1 RA therapy. Second, the
reliability of the data in the CoDiC database is
likely to be high because the data are entered by
JDDMmembers and physicians from specialized
diabetes institutions according to JDDM guide-
lines. Moreover, as both patient and laboratory
pathology data are available from the database,
assessments of the relationships between pre-
scription patterns and clinical outcomes can be
conducted. However, in this study, laboratory
data were not analyzed for patients who per-
sisted beyond 6 months, and no analyses strat-
ified by GLP-1 RA were performed. Finally, the
overall GLP-1 RA population at 6 months
included approximately 20% of patients who
had discontinued GLP-1 RA therapy, and the
reasons for their GLP-1 RA discontinuation
could not be assessed; however, the subgroup
analysis conducted in patients who continued
their index GLP-1 RA for at least 6 months
showed similar results for change in HbA1c
compared with the overall population. There-
fore, it is likely that the patients who had dis-
continued therapy in the overall population did
not have a major impact on the clinical out-
comes. Since the end of the data collection
period for this study, the subcutaneous GLP-1
RA semaglutide and a higher dose of liraglutide
have been approved in Japan. Future updates to
this study will be important to understand the
evolution of real-world prescribing practices.

CONCLUSION

This is the first study to define the demographic
and clinical characteristics of patients with
T2DM initiating GLP-1 RA therapy in Japan
using the CoDiC database of the JDDM. The
results illustrate the real-world health outcome
benefits of GLP-1 RA therapy, including
improvements in HbA1c, body weight, and
blood lipid profile. The study also supports the
high rates of long-term persistence previously
reported for dulaglutide, the GLP-1 RA most

commonly prescribed for T2DM in Japanese
clinical practice.
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