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ABSTRACT

Introduction: Many individuals with type 2
diabetes (T2D) experience suboptimal glycemic
control. Treatment intensification options
include fixed-ratio combination products con-
taining a basal insulin and a glucagon-like pep-
tide-1 receptor agonist, such as iGlarLixi (insulin
glargine 100 U/mL and lixisenatide). This study
aimed to provide real-world evidence of the
effect of iGlarLixi in Japanese clinical practice.
Methods: SPARTA Japan was a non-compara-
tive, observational study conducted at 27

institutions in Japan. Anonymized individual-
level data from adults with T2D receiving iGlar-
Lixi in routine clinical practice were retrospec-
tively collected. The primary study objective was
to assess the impact of iGlarLixi on the change in
glycated hemoglobin (HbA1c) at 6 months’ post-
treatment initiation, with preplanned subanaly-
ses to determine the influence of baseline char-
acteristics. Secondary and exploratory endpoints
included assessment of the proportion of indi-
viduals achieving HbA1c targets, change in body
weight, and incidence and severity of hypo-
glycemia and gastrointestinal events.
Results: The full analysis set included 432
individuals, with data available at 6 months for
426. Of the 432 individuals, the mean (SD) age
at baseline was 61.6 (12.8) years and the
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majority had a T2D duration of C 10 years
[mean (SD) 13.3 (10.4) years]. At 6 months,
HbA1c had significantly decreased versus base-
line ( –0.85%; P\ 0.0001), with a greater
decrease in those aged\ 65 years, with a shorter
duration of T2D and higher baseline HbA1c. A
significant increase in the proportion of partic-
ipants achieving age-specific HbA1c versus
baseline was observed. Mean body weight
decreased by 0.5 kg (P = 0.0034 versus baseline).
There were few hypoglycemia and gastroin-
testinal events (in individuals with HbA1c data);
no severe hypoglycemic events were reported.
Conclusions: The results of this real-world
study indicate that iGlarLixi may improve gly-
cemic control without serious adverse events in
Japanese individuals with T2D who have sub-
optimal glycemic control on current treatment
regimens and switch to iGlarLixi.
Trial registration: UMIN-CTR Trials Registry,
UMIN000044126; registered 10 May 2021.

PLAIN LANGUAGE SUMMARY

The first medicines for treating diabetes that
many individuals with type 2 diabetes receive are
administered orally; however, for most individ-
uals, these oral drugs are not enough to achieve
blood glucose targets as their disease progresses.
Treatment intensification options include add-
ing an injectable therapy, such as a glucagon-like
peptide-1 receptor agonist or basal insulin, or the
combination of both, the use of which has been
studied extensively and has been shown to be a
simple andwell-tolerated option.Here,we report
the findings of a study that retrospectively eval-
uated the outcomes of 432 Japanese individuals
who took iGlarLixi, which consists of the gluca-
gon-like peptide-1 receptor agonist lixisenatide
and basal insulin glargine 100 U/mL as a fixed-
ratio combination (i.e., combined as a single
subcutaneous injection), over 6 months of
treatment. We found that iGlarLixi improved
blood glucose levels in these individuals, andwas
associated with few hypoglycemia or gastroin-
testinal adverse events. These results suggest that
iGlarLixi may offer an effective option for
improving glycemic control in Japanese

individuals with type 2 diabetes who require
treatment intensification because their blood
glucose goals have not been achieved with oral
drugs alone or co-administered with a glucagon-
like peptide-1 receptor agonist or basal insulin.

Keywords: Fixed-ratio combination; iGlarLixi;
Insulin glargine; Japan; Lixisenatide; Real-
world; Type 2 diabetes

Key Summary Points

Why carry out this study?

Combination products containing a fixed
ratio of basal insulin to glucagon-like
peptide-1 receptor agonist (GLP-1 RA)
have been developed to improve glycemic
control, with good tolerability and a
reduced injection burden in individuals
with type 2 diabetes (T2D) requiring
treatment intensification.

iGlarLixi, containing insulin glargine 100
U/mL and a GLP-1 RA, lixisenatide, has
been approved for the treatment of T2D in
a number of countries, including Japan.

Real-world data of the effectiveness and
safety of iGlarLixi in Japanese clinical
practice are lacking.

What was learned from the study?

The results of this non-comparative,
observational study suggest that the use of
iGlarLixi in a real-world setting was
associated with improved glycemic
control, as evidenced by a significant
reduction in glycated hemoglobin
(HbA1c) and an increase in the proportion
of study participants achieving target
HbA1c.

iGlarLixi appeared to be well tolerated;
there were few hypoglycemia and
gastrointestinal events, and those that did
occur were mostly mild to moderate in
severity and rarely required specific
treatment.
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INTRODUCTION

Diabetes is a globally important disease. In
2021, there were estimated to be 537 million
adults living with diabetes worldwide, with this
number expected to reach 783 million by 2045
[1]. In 2019, it was estimated that 7.39 million
individuals in Japan (5.6% of the population)
were diagnosed with type 2 diabetes (T2D) [2],
where a Western lifestyle and an aging popula-
tion are likely contributing to an increase in the
incidence of the disease.

Basal insulin therapy or glucagon-like pep-
tide-1 receptor agonists (GLP-1 RAs) are options
for treatment intensification in individuals
whose diabetes is suboptimally controlled with
oral antidiabetic drugs (OADs) alone [3–5].
However, insulin therapy is associated with a
risk of hypoglycemia [6] and body weight gain
[7], and gastrointestinal side effects are of con-
cern with GLP-1 RAs [8]. Further, neither insu-
lins nor GLP-1 RAs alone nor as dual therapy
with OADs achieve glycated hemoglobin
(HbA1c) targets (frequently considered as\7%)
in all individuals [9]. In an attempt to improve
outcomes, insulin therapy and GLP-1 RAs are
often co-administered; however, such therapy
requires two separate injections, creating a sig-
nificant treatment burden on individuals. In
part because of the above reasons, in current
clinical practice, treatment intensification to
better manage glycemic levels is often delayed
and suboptimal in those individuals who may
benefit from it [10, 11].

Fixed-ratio combinations (FRC) of basal
insulin and a GLP-1 RA have been developed
with the aim of providing effective glycemic
control, better tolerability than either agent
alone, and a reduced injection burden to
enhance treatment adherence and persistence.
iGlarLixi is a once-daily titratable FRC of insulin
glargine 100 U/mL, a long-acting basal insulin
analog, and a GLP-1 RA, lixisenatide. iGlarLixi is
available in the USA in a dose ratio of 3 U/
mL:1 lg for the two components, respectively
[12], and in Europe in ratios of 2 U/mL:1 lg and
3 U/mL:1 lg, respectively, for the treatment of
adults with T2D that is inadequately controlled
by other treatments [13]. In 2020, iGlarLixi (one

dose step = glargine 100 U/mL:1 lg lixisenatide)
was approved and launched in Japan [14] for
the treatment of individuals with T2D where
insulin therapy is indicated. The approval of
iGlarLixi in Japan was based on data from three
randomized, controlled clinical trials (LixiLan
JP-O1 [15], LixiLan JP-O2 [16], and LixiLan JP-L
[17]) that involved Japanese individuals with
T2D who had had a suboptimal treatment
response to OADs [15, 16] or to OADs plus basal
insulin [17]. While these trials demonstrated
the efficacy and safety of iGlarLixi, real-world
data of its effectiveness and safety in Japanese
clinical practice are currently lacking. Such
data, in addition to robust clinical trial data,
would support physicians in making clinical
decisions on individualized treatment for Japa-
nese individuals with T2D.

The ‘‘SPARTA Japan’’ study aimed to retro-
spectively evaluate the effect of iGlarLixi on
HbA1c in individuals with T2D in routine clin-
ical practice in Japan. This observational study
also aimed to assess the impact of iGlarLixi on
the incidence of hypoglycemia, a common
adverse event (AE) with insulin therapy, and
gastrointestinal events, which are common
with GLP-1 RAs. The effect of iGlarLixi on body
weight was also assessed, since body weight gain
often occurs during insulin therapy [7].

METHODS

Study Design

SPARTA Japan was a retrospective, non-com-
parative, observational study conducted at 27
institutions that were geographically spread
across Japan and represented different regions.
Clinicians at the participating institutions were
among the regular prescribers of iGlarLixi.
Supplementary Fig. S1 in the electronic supple-
mentary material provides an outline of the
study design.

Anonymized individual-level data were ret-
rospectively collected from electronic medical
records and paper charts, with the use of an
electronic case report form.

The baseline period was defined as the
6 months prior to initiation of iGlarLixi
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Table 1 Baseline demographic and clinical characteristics

Demographics/characteristics Full analysis set
(N = 432)

Characteristics Full analysis set
(N = 432)

Age, years HbA1c, %

Mean (SD) 61.6 (12.8) Mean (SD) 8.96 (1.64)

\ 65, n (%) 246 (56.9) \ 7.0, n (%) 24 (5.6)

65 to\ 75, n (%) 121 (28.0) C 7.0 to\ 8.0, n (%) 97 (22.5)

C 75, n (%) 65 (15.0) C 8.0 to\ 9.0, n (%) 130 (30.1)

Sex, n (%) C 9.0, n (%) 181 (41.9)

Male 272 (63.0) Presence of diabetes-related
complications, n (%)

Female 160 (37.0) Yes 237 (54.9)

Body weight, mean (SD); kg 71.8 (15.9) No 120 (27.8)

BMI, kg/m2 Unknown 75 (17.4)

Mean (SD) 26.8 (4.6)a Type of diabetes-related
complication

\ 25, n (%) 141 (32.6) Neuropathy

25 to\ 30, n (%) 182 (42.1) Yes 91 (21.1)

C 30, n (%) 95 (22.0) No 238 (55.1)

Comorbidities, n (%) 321 (74.3) Unknown 103 (23.8)

Blood pressure, mean (SD) Retinopathy

SBP, mm Hg 131.5 (15.3)b Yes 105 (24.3)

DBP, mm Hg 76.2 (10.9)b No 239 (55.3)

Fasting plasma glucose, mean (SD); mg/dL 158.9 (47.6)c Unknown 88 (20.4)

eGFR, mean (SD); mL/min/1.73 m2 73.7 (24.0)d Nephropathy

Duration of diabetes, years Yes 186 (43.1)

Mean (SD) 13.3 (10.4) No 194 (44.9)

\ 5, n (%) 125 (28.9) Unknown 52 (12.0)

C 5 to\ 10, n (%) 66 (15.3) End-stage renal failure

C 10, n (%) 241 (55.8) Yes 5 (1.2)

Diabetes-related medicationse No 385 (89.1)

Pre-study injectable agents 333 (77.1) Unknown 42 (9.7)

Long-acting basal insulin 226 (52.3)

GLP-1 receptor agonist 143 (33.1)

Premixed insulin 60 (13.9)

Bolus insulin 53 (12.3)

Fixed-ratio combination of basal
insulin ? GLP-1 receptor agonistf

2 (0.5)

DPP-4 inhibitors 112 (25.9)

BMI body mass index, DBP diastolic blood pressure, DPP-4 dipeptidyl peptidase-4, eGFR estimated glomerular filtration rate, GLP-1
glucagon-like peptide-1, HbA1c glycated hemoglobin, SBP systolic blood pressure, SD standard deviation, T2D type 2 diabetes
an = 418; bn = 375; cn = 86; dn = 362; eMore than one medication/formulation could be being used per study participant; fTwo study
participants were treated with IDegLira C 3 months prior to initiating iGlarLixi treatment
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treatment, and the observation period as the
6 months after initiation of treatment. Baseline
data were defined as the data closest to the start
date of iGlarLixi within 6 months before the
initiation of treatment, with the exception of
HbA1c, which was defined as the closest data to
the start of iGlarLixi within 3 months prior to
treatment initiation.

HbA1c and body weight were assessed at 3
and 6 months after initiation of iGlarLixi.
Because this was an analysis of data collected
during routine clinical practice, assessments
were not necessarily conducted at exactly 3 and
6 months after initiation of iGlarLixi. Therefore,
data collected from 45 to 135 days and 136–-
225 days after the start of treatment could be
included in the 3- and 6-month data analysis,
respectively.

The incidence and severity of hypoglycemia
and gastrointestinal events were assessed over
the course of the 6-month observation period,
as were iGlarLixi dose changes. The evaluation
period for hypoglycemia and gastrointestinal
events was from day 1 of iGlarLixi administra-
tion to day 3 of HbA1c measurement at 3 and
6 months after the start of administration, with

day 1 being the day following the start of
iGlarLixi treatment.

Study Population

The individuals included in the study were
treated in routine clinical practice according to
the iGlarLixi prescribing information and
reimbursement criteria at the treating physi-
cians’ discretion. The inclusion criteria were
adults who had (i) a diagnosis of T2D; (ii) ini-
tiated treatment with iGlarLixi C 6 months
before data collection, regardless of treatment
continuation or discontinuation; (iii) at least
one HbA1c recording in the 3 months prior to
initiation of treatment with iGlarLixi; (iv) body
weight recorded in the 6 months prior to treat-
ment initiation; (v) at least one HbA1c record-
ing in the 6 months after treatment initiation;
and (vi) provided informed consent. The
exclusion criteria were: (i) aged\18 years at
initiation of iGlarLixi; (ii) type 1 diabetes; (iii)
pregnancy during the observation period; (iv)
previous participation in any iGlarLixi trials or
enrollment in any clinical trial related to dia-
betes during the observation period; (v) off-label
use of iGlarLixi (including concomitant use of
basal insulin); or (vi) use of insulin degludec/
liraglutide (IDegLira) within 3 months prior to
initiation of iGlarLixi.

Study Objectives and Endpoints

The primary study objective was to evaluate the
impact of iGlarLixi on HbA1c, measured from
baseline to 6 months after treatment initiation,
in routine clinical practice in Japan. Subgroup
analyses were performed to assess the influence
of baseline characteristics [age, duration of T2D,
body mass index (BMI), and HbA1c] on the
change in HbA1c, body weight, iGlarLixi dose,
and the incidence of hypoglycemia and gas-
trointestinal events at 6 months.

The secondary study objectives were to assess:
the change in HbA1c from baseline to 3 months
after treatment initiation; the proportion of
individuals achieving a target HbA1c of\7.0%
(\53 mmol/mol); and the proportion of indi-
viduals achieving personalized HbA1c targets by

Table 2 Concomitant medications

Medication, n (%)a Full analysis set
(N = 432)

Concomitant OADs 366 (84.7)

Biguanides 273 (63.2)

SGLT2 inhibitors 249 (57.6)

Glinides 72 (16.7)

Sulfonylureas 59 (13.7)

a-Glucosidase inhibitors 44 (10.2)

Other 23 (5.3)

Thiazolidinediones 20 (4.6)

Concomitant bolus insulin 60 (13.9)

OADs oral antidiabetic agents, SGLT2 sodium-glucose
transport protein 2
aMore than one medication/formulation could be being
used per study participant
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age category [\65 years = \7.0%; 65 to\75
years = \ 7.5% (\58 mmol/mol); C 75 years
= \8.0% (\64 mmol/mol)] according to the
Japanese Diabetes Society [5]. These age-specific
targets were based on the avoidance of diabetic

complications, and were set to take into account
the individuals’ age, duration of diabetes, risk for
hypoglycemia (which increases with age), avail-
able support, cognitive function, basic/

Fig. 2 Change in mean glycated hemoglobin (HbA1c) from baseline at 3 and 6 months’ post-initiation of insulin glargine/
lixisenatide (iGlarLixi). Error bars represent 95% confidence intervals (CI)

Fig. 1 Flow of individuals through the observational, non-
comparative SPARTA Japan study. BI basal insulin, BMI
body mass index, DPP-4i dipeptidyl peptidase-4 inhibitors,
FAS full analysis set, HbA1c glycated hemoglobin,

iGlarLixi insulin glargine/lixisenatide, IDegLira insulin
degludec/liraglutide, mo months, SPARTA-J SPARTA
Japan, yrs years
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instrumental activities of daily living, and
comorbidities/functional impairments [5].

Exploratory analysis was performed to
determine (i) the change in body weight from
baseline to 3 and 6 months after initiating
treatment; (ii) the cumulative incidence and
severity of hypoglycemia at 3 and 6 months;
(iii) the cumulative incidence and severity of
gastrointestinal events at 3 and 6 months; (iv)
the change in dose of iGlarLixi; (v) the reasons
for initiation and discontinuation of iGlarLixi;
and (vi) the factors affecting HbA1c at
6 months’ post-treatment initiation.

Self-reported hypoglycemic events were
classified as severe (i.e., when neurological
impairment was severe enough to prevent self-
treatment and, thus, thought to place the par-
ticipant at risk for injury to themselves or oth-
ers); symptomatic (i.e., accompanied by typical
symptoms of hypoglycemia); asymptomatic
(i.e., not accompanied by typical symptoms of

hypoglycemia); and possibly symptomatic (i.e.,
accompanied by typical symptoms of hypo-
glycemia but with no measured plasma glucose
levels at the onset of hypoglycemic symptoms).
These hypoglycemic events were further classi-
fied based on a measured plasma glucose con-
centration of B 70 mg/dL (3.9 mmol/L)
or\54 mg/dL (3.0 mmol/L) when data were
available.

Compliance with Ethics Guidelines

Individuals provided written consent for their
data to be used in the study. Ethics committee
approval for the study was applied for and
granted prior to study initiation by a central
ethics committee (Sone Clinic in Tokyo, Japan;
approval granted 24 February 2021) for some
institutions and by their own institutional

Table 3 Impact of baseline characteristics on HbA1c response at 6 months after treatment initiationa

Characteristic Univariate analysis Multivariate analysis

Regression coefficient
(95% CI)

P-valueb Regression coefficient
(95% CI)

P-valueb

Age (per 1 year) 0.015

(0.002, 0.028)

0.0265 –0.015

(–0.026, –0.004)

0.0095

Duration of T2D (per 1 year) 0.036

(0.020, 0.052)

\ 0.0001 0.017

(0.004, 0.031)

0.0137

BMI (per 1 kg/m2) –0.009

(–0.046, 0.028)

0.6430 – –

Baseline HbA1c (per 1%) –0.691

(–0.766, –0.616)

\ 0.0001 –0.693

(–0.771, –0.615)

\ 0.0001

Sex (male/female) 0.126

(–0.218, 0.470)

0.4723 – –

Change in body weight from baseline

(per kg)

0.007

(–0.042, 0.057)

0.7674 – –

BMI body mass index, CI confidence interval, HbA1c glycated hemoglobin, T2D type 2 diabetes
aUnivariate and multivariate logistic regression analyses with change in HbA1c from baseline to 6 months as the dependent
variable. Data included subjects with 6-month post-initiation HbA1c values available. Factors with P\ 0.05 in the
univariate regression analysis were included in the multivariate analysis
bNo adjustment was made for multiplicity and, therefore, P values should be considered nominal
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ethics committee in other institutions (Supple-
mentary Table S1).

Statistical Analysis

The required sample size was estimated to be
388 individuals. This calculation was based on
the assumption of a mean HbA1c reduction of

0.60% (as per the findings of a real-world study
of IDegLira [18] and the GLP-ONE Kobe study of
insulin glargine plus lixisenatide or vildagliptin
[19]) and a standard deviation (SD) of 1.5%
from baseline to 6 months after iGlarLixi initi-
ation in routine clinical practice, with a preci-
sion of 0.15% and a confidence interval (CI) of
95%. Additionally, assuming the total

Table 4 Incidence and severity of hypoglycemiaa

Study time-point

Baseline
(n = 432)

3 months
(n = 415)

6 months
(n = 418)

Person-years of exposure 212.9 106.9 213.0

Relative frequency, n (%) 32 (7.4) 32 (7.7) 60 (14.4)

Number of events 70 94 166

Incidence, number of events/person-year 0.33 0.88 0.78

Severity of hypoglycemia

Severe

Relative frequency, n (%) 0 0 0

Symptomatic

Relative frequency, n (%) 18 (4.2) 22 (5.3) 38 (9.1)

Number of events 41 62 110

Incidence (number of events/person-year) 0.19 0.58 0.52

Asymptomatic

Relative frequency, n (%) 8 (1.9) 9 (2.2) 15 (3.6)

Number of events 14 25 37

Incidence (number of events/person-year) 0.07 0.23 0.17

Possibly symptomatic

Relative frequency, n (%) 10 (2.3) 6 (1.4) 16 (3.8)

Number of events 15 7 19

Incidence (number of events/person-year) 0.07 0.07 0.09

Hypoglycemia by plasma glucose level

B 70 mg/dL, n (%) 15 (3.5) 22 (5.3) 30 (7.2)

\ 54 mg/dL, n (%) 3 (0.7) 11 (2.7) 14 (3.3)

aOnly includes individuals with 3- and 6-month glycated hemoglobin data. Multiple hypoglycemia events in a patient were
accounted for separately by date, and each event contributed to the total number of events; however, multiple events that
occurred in a patient on the same day were not captured

226 Diabetes Ther (2023) 14:219–236



proportion of individuals who discontinued
treatment or had missing data to be approxi-
mately 15%, it was estimated that 460 individ-
uals would need to be enrolled to ensure a final
sample size of 388.

The individuals who met all inclusion crite-
ria and did not meet any exclusion criteria were
included in the full analysis set (FAS). Individ-
uals with data at the time of evaluation were
analyzed, regardless of whether treatment was
interrupted or discontinued. Data from certain
time points were not included in the analysis
from individuals who took[20 dose steps/day
of iGlarLixi at that specific time point during
the observation period.

Summary statistics of baseline characteristics
were calculated, such as mean with SD and/or
95% CIs, minimum and maximum, median,
and interquartile range (IQR). In hypothesis
testing, a P-value\ 0.05 was considered statis-
tically significant. Changes in HbA1c and body
weight were tested with a paired t-test.

Baseline characteristics possibly impacting
changes in HbA1c were explored in two ways.
Firstly, individuals were stratified by baseline
age (two cutoffs:\65 and C 65 years;\75
and C 75 years), duration of T2D (\10
and C 10 years), BMI (\ 25, C 25 to\ 30,
and C 30 kg/m2), and HbA1c [two cut-
offs:\8.0% and C 8.0%;\9.0% and C 9.0%
(\75 and C 75 mmol/mol)]. Secondly, multi-
variate regression analysis was performed to
examine potential factors affecting HbA1c, with
the change in HbA1c from baseline to 6 months
as the dependent variable and baseline HbA1c,
duration of T2D, BMI, age, sex, and change in
body weight from baseline as independent
variables. Subsequently, differences in HbA1c
change from baseline to 6 months between or
among these specified subgroups were evalu-
ated using regression models with adjustment
for the factors that were found statistically
significant.

Multivariate logistic regression analysis was
also performed to examine the same potential
factors affecting the achievement of a targeted
HbA1c, with the proportion of participants
reaching an HbA1c\7.0% or an individualized
HbA1c target at 6 months after the initiation of
iGlarLixi as the dependent variable.

The impact of baseline characteristics on
changes in body weight and iGlarLixi dose, and
the incidence of hypoglycemia and gastroin-
testinal events at 6 months was assessed as per
the stratification outlined above for changes in
HbA1c (i.e., by baseline age, duration of T2D,
BMI, and HbA1c). A paired t-test was used to
evaluate the impact of baseline characteristics
on body weight and iGlarLixi dose, using data
from study participants who had data at both
baseline and the 6-month time point. Analyses
were descriptive only for the incidence of
hypoglycemia and gastrointestinal events.

No adjustment for multiplicity was made in
the current study. Missing values were not
imputed. Statistical analysis was performed
using SAS Version 9.4 (SAS Institute; Cary, NC,
USA).

RESULTS

Study Cohort

Data collection, extraction, and analysis were
performed between June and September 2021.
In total, 469 individuals with T2D were eligible
for inclusion; after medical records were asses-
sed against the inclusion/exclusion criteria, 432
patients were included in the FAS (Fig. 1).
Among the 37 individuals who were excluded
from the FAS, the most common reasons for
exclusion were as follows: missing data during
the baseline or observational periods (n = 10),
concomitant use of basal insulin (n = 13), and
concomitant use of dipeptidyl peptidase-4
inhibitors (DPP-4i) (n = 7).

Of the 432 individuals included in the FAS,
427 (98.8%) had data available for baseline and
at 3 months, and 426 (98.6%) had data available
at 6 months’ post-treatment initiation.

Demographics

The mean (SD) age at baseline was 61.6 (12.8)
years, with over half (56.9%) of the study cohort
in the\ 65-years age category (Table 1). The
mean (SD) body weight was 71.8 (15.9) kg and
BMI was 26.8 (4.6) kg/m2 at baseline. The mean
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duration of T2D in the study cohort was
approximately 13 years, with the majority
(55.8%) having had the disease for C 10 years.
Diabetes-related complications were present in
over half of participants (54.9%). The mean (SD)
HbA1c at baseline was 8.96 (1.64) %, and almost
half the participants (41.9%) had a baseline
HbA1c C 9.0%.

At baseline, 333 participants (77.1%) were
taking one or more injectable agents to manage
their diabetes (Table 1). The most common
formulation was long-acting basal insulin,
which was being used by 226 participants
(52.3%). GLP-1 RA, premixed/combination
insulin, and rapid-acting insulin were being
taken by 143 (33.1%), 60 (13.9%), and 53
(12.3%) study participants, respectively. The
mean (SD) baseline daily dose of basal insulin
was 11.9 (5.7) U.

In total, 366 participants (84.7%) were taking
concomitant OADs to manage their T2D at
baseline (Table 2). Most participants were taking
one [n = 102 (23.6%)] or two [n = 169 (39.1%)]
OADs. The most common classes of OADs taken
were biguanides and sodium-glucose transport
protein 2 (SGLT2) inhibitors.

The most common reasons for initiating
iGlarLixi were suboptimal control of HbA1c
(88.2% of participants) or postprandial glucose
levels with previous treatment (38.7% of par-
ticipants; Supplementary Table S2). Body
weight gain on previous treatment (19.2%) and
a wish to reduce the number of injections
(8.8%) were also provided as reasons for initi-
ating iGlarLixi. The median (IQR) duration of
iGlarLixi treatment was 143.5 (101.3) days.

Fig. 3 Subgroup analyses for unadjusted change in mean
glycated hemoglobin at 6 months’ post-initiation of insulin
glargine/lixisenatide by baseline characteristics. Error bars
represent 95% confidence intervals. Adjusted change is

shown in Supplementary Table S3. BMI body mass index,
HbA1c glycated hemoglobin, T2D type 2 diabetes.
*P\ 0.01 versus baseline; **P\ 0.001 versus baseline;
***P\ 0.0001 versus baseline
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Primary Endpoint

Data for HbA1c at 6-months post-initiation of
iGlarLixi were available for 418 study partici-
pants. At this time-point, the mean (95% CI)
HbA1c was 8.12% (7.99%, 8.26%), a decrease of
–0.85% (–1.01%, –0.68%) compared with base-
line (P\0.0001; Fig. 2).

Baseline age appeared to have a variable rela-
tionship with change in HbA1c, with a significant
difference in those\65 years versus
those C 65 years, but a similar relationship was
absent in the\75 years versus C 75 years’ com-
parison (Fig. 3; Supplementary Table S3). The
duration of T2D also appeared to be inversely
related to change in HbA1c, with a greater
decrease seen in participants with a shorter
duration (\10 years) of disease. In contrast,
baseline BMI had no apparent association with
change in HbA1c. A greater decrease in HbA1c
was observed in those participants with a higher
baseline HbA1c. These results were confirmed in
the multivariate regression analysis, where age,
duration of T2D, and baseline HbA1c were shown
to impact HbA1c change at 6 months (Table 3).

Secondary Endpoints

Data for HbA1c at 3 months’ post-initiation of
iGlarLixi were available for 415 study

participants. At this time point, the mean
HbA1c had decreased significantly from base-
line [mean (95% CI) change –0.64%
( –0.80%, –0.48%); P\ 0.0001; Fig. 2).
Three months after initiating iGlarLixi, 14.4%
of the study cohort (n = 62) had reached an
HbA1c\ 7.0% (compared with 5.6% at base-
line). At the 6-month follow-up point, this
proportion had increased further to 18.5%
(Supplementary Fig. S2).

In each age group, there was a significant
increase in the proportion of participants who
reached the age-specific HbA1c target at each
study time point versus baseline (Fig. 4). For
example, the percentage of participants
aged\65 years (n = 246) who were at their age-
specific HbA1c (\7.0%) increased from 4.9% at
baseline to 19.1% at 6 months. Similar changes
were seen in values for those aged C 65
to\75 years (n = 121) and C 75 years (n = 65),
although the increase from baseline was not as
marked in these groups as in those study
participants\65 years.

Regarding the factors associated with the
achievement of an HbA1c of\ 7.0% at
6 months of treatment with iGlarLixi, the
multivariate analysis indicated that duration
of T2D and change in body weight from
baseline were the only factors linked to this
(data not shown).

Fig. 4 Proportion of study participants who achieved their
age-specific glycated hemoglobin (HbA1c) at 3- and
6-months post-initiation of insulin glargine/lixisenatide

(iGlarLixi). *P\ 0.05 versus baseline; **P\ 0.01 versus
baseline; ***P\ 0.0001 versus baseline, McNemar test
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Table 5 Total incidence of gastrointestinal events, and incidence and severity of the most common eventsa

Gastrointestinal events Study time point

3 months

(n = 415)

6 months

(n = 418)

Person-years of exposure 106.9 213.0

Gastrointestinal events

Relative frequency, n (%) 62 (14.9) 68 (16.3)

Number of events 94 108

Incidence (number of events/person-year) 0.88 0.51

Treatment required, n (%) 23 (5.5) 26 (6.2)

Most common events (preferred term)b

Nausea

Relative frequency, n (%) 22 (5.3) 25 (6.0)

Number of events 27 29

Incidence (number of events/person-year) 0.25 0.14

Treatment required, n (%) 4 (1.0) 4 (1.0)

Severity incidence (mild/moderate/severe), n 18/4/0 21/4/0

Constipation

Relative frequency, n (%) 16 (3.9) 19 (4.5)

Number of events 17 20

Incidence (number of events/person-year) 0.16 0.09

Treatment required, n (%) 8 (1.9) 11 (2.6)

Severity incidence (mild/moderate/severe), n 9/6/1 11/7/1

Diarrhea

Relative frequency, n (%) 11 (2.7) 14 (3.3)

Number of events 11 16

Incidence (number of events/person-year) 0.10 0.08

Treatment required, n (%) 2 (0.5) 2 (0.5)

Severity incidence (mild/moderate/severe), n 9/2/0 12/2/0

Abdominal discomfort

Relative frequency, n (%) 10 (2.4) 11 (2.6)

Number of events 10 11

Incidence (number of events/person-year) 0.09 0.05

Treatment required, n (%) 1 (0.2) 2 (0.5)

Severity incidence (mild/moderate/severe), n 9/1/0 9/2/0

aOnly includes individuals with 3- and 6-month glycated hemoglobin data
bDefined using Medical Dictionary for Regulatory Activities terminology
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Other Exploratory Endpoints

Mean (95% CI) body weight decreased from
71.8 (70.3, 73.3) kg at baseline to 71.3 (69.8,
72.8) kg at 3 months (P = 0.0001). This 0.5 kg
body weight loss was maintained at 6 months
[mean (95% CI) 71.3 (69.8, 72.9) kg; P = 0.0034
versus baseline).

At the 3-month time point, 32 study partic-
ipants (7.7%) had experienced 94 hypoglycemic
events, giving an overall incidence of 0.9
events/person-year of exposure to iGlarLixi
(Table 4). This incidence rate had dropped
slightly at the 6-month time point, when
hypoglycemia had been reported in an addi-
tional 60 participants (14.4%), with an overall
incidence of 0.8 events/person-year. No severe
hypoglycemic events were reported, and no
participants visited the emergency department
or were hospitalized because of hypoglycemia.

At the 3- and 6-month time-points, 62
(14.9%) and 68 (16.3%) study participants,
respectively, had experienced gastrointestinal
events (Table 5). The overall incidence rate was
0.9 events/person-year at 3 months and 0.5
events/person-year at 6 months. The most
common events were nausea, constipation,
diarrhea, and abdominal discomfort, but none
had an incidence rate of[0.3 events/person-
year.

At 6 months, 56 study participants (13.0%)
had discontinued iGlarLixi. The most common
reasons given for discontinuation were insuffi-
cient HbA1c control and gastrointestinal events
(Supplementary Table S4). There were no deaths
recorded during the study, and no cases of
treatment-related pancreatitis or malignancy.
No participants discontinued treatment because
of body weight gain, and none cited cost as a
factor influencing the decision to discontinue
treatment.

Mean (95% CI) daily iGlarLixi dose increased
from 8.6 (8.2, 9.0) dose steps at the initial dose
to 12.2 (11.7, 12.7) dose steps at the last dose
(P\0.0001; n = 432). Furthermore, the mean
(95% CI) daily basal insulin dose in participants
who had previously been on basal insulin
therapy increased from 11.9 (11.2, 12.7) U at
baseline to 13.1 (12.4, 13.8) U at the last dose
(P = 0.0003; n = 224).

The subgroup analyses for the impact of
baseline characteristics on change in body
weight and iGlarLixi dose, and the incidence of
hypoglycemia and gastrointestinal events are
presented in Supplementary Tables S5–S7. Study
participants who were of a younger age and a
higher baseline BMI had a more marked
decrease in body weight at 6 months. Baseline
HbA1c had a variable effect on body weight
(Supplementary Table S5). There was a smaller
change in iGlarLixi dose from baseline to last
dose in study participants who were older and
who had a shorter duration of T2D (Supple-
mentary Table S6). The incidence of all and
symptomatic hypoglycemic events tended to be
higher in study participants who were older at
baseline, and who had a longer duration of T2D
and a lower baseline BMI; baseline HbA1c did
not have any discernible effect. In general, a
similar pattern was seen with the incidence of
gastrointestinal events (Supplementary
Table S7).

DISCUSSION

The results of this study suggest that, when used
in a real-world setting, iGlarLixi may improve
glycemic control without serious adverse events
in Japanese individuals with T2D that is sub-
optimally controlled with their previous dia-
betes treatments. Treatment with iGlarLixi for
6 months was associated with a significant
reduction in HbA1c versus baseline, and a sig-
nificant increase in the proportion of study
participants achieving an HbA1c\ 7.0% and
achieving age-specific HbA1c targets versus
baseline. The study results also suggest that
iGlarLixi was well tolerated; there were few
hypoglycemia and gastrointestinal events, and
those that did occur were mostly mild to mod-
erate in severity, and rarely required specific
treatment. Further, there were no reported cases
of severe hypoglycemia. Few participants dis-
continued iGlarLixi treatment and, in those
who did, AEs were rarely the reason (2.5% dis-
continued due to gastrointestinal events). Body
weight decreased by an average of 0.5 kg during
the 6-month observation period.
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The findings of this study, including the
rates of hypoglycemia and gastrointestinal
events, support those obtained from the three
26-week, open-label clinical trials of iGlarLixi in
Japanese individuals with T2D (LixiLan JP-O1
[15], LixiLan JP-O2 [16], and LixiLan JP-L [17]).
The magnitude of HbA1c improvements from
baseline and the proportion of individuals who
achieved a target HbA1c of\ 7.0% was greater
in these clinical trials ( –1.27 to –1.58, and
51.8–71.5%, respectively) than in our real-world
study ( –0.85% and 18.5% at 6 months, respec-
tively). This is likely to be the result of a number
of factors, including a less heterogeneous study
population and better treatment adherence in
clinical trials, and clinical inertia (i.e., a failure
of clinicians to intensify treatment in a timely
manner) and the less stringent titration used in
clinical practice compared with the trials.

Information on the possible influence of
background characteristics may be useful to
guide treatment decisions in routine clinical
practice, in particular, to personalize treatment
strategies in individuals who have T2D with
suboptimally controlled blood glucose levels.
Our study explored the impact of baseline age,
disease duration, BMI, and HbA1c on the
change in HbA1c at 6 months. Shorter disease
duration and higher baseline HbA1c were asso-
ciated with a greater reduction in HbA1c. In
contrast, age showed a variable association in
our study cohort with regard to the change in
HbA1c, while baseline BMI did not appear to
influence HbA1c. When subdivided into cate-
gories of\65 years or C 65 years, age was sig-
nificantly inversely associated with HbA1c
change during iGlarLixi, but the same trend was
not observed when the categories of\75 years
versus C 75 years were compared. This obser-
vation may, in part, reflect differential HbA1c
targets according to age in the Japanese guide-
lines [5], where more aggressive treatment of
younger individuals (\65 years) to a lower
HbA1c target may be needed compared with a
more cautious approach to older individuals
(C 75 years), who are at high risk of
hypoglycemia.

Apart from that reported herein, there is
currently only limited real-world evidence of
the effectiveness and safety of iGlarLixi,

particularly in Japanese individuals. A single-
center study assessed the effect of 24 weeks of
treatment with iGlarLixi in Japanese individuals
(n = 40) with a suboptimal response to OADs
[20]. Mean (SD) HbA1c decreased from 9.4 (1.4)
% at baseline to 6.4 (0.9) % at the end of the
observation period (P\ 0.001). The incidence
of hypoglycemia (number of times hypo-
glycemic symptoms occurred with a confirmed
blood glucose\70 mg/dL) decreased from a
mean (SD) of 5.0 (2.8) times during weeks 5–8 to
3.6 (2.1) times during weeks 21–24, there were
no serious AEs (including gastrointestinal
events), and no participant discontinued treat-
ment during the study.

Some data are available from real-world
studies conducted in other countries. An anal-
ysis of the effects of concomitant iGlarLixi and
SGLT2 inhibitor therapy included data from a
retrospective, observational cohort study using
information captured by the US Optum-
Humedica database [21]. One arm of this study
consisted of adults who used iGlarLixi
monotherapy. In this group (n = 1054), mean
HbA1c decreased by 1.05% versus baseline after
6 months of treatment. The incidence of hypo-
glycemia was 0.24 events/person-year [21].
These changes in HbA1c were similar to those in
our study, but the incidence of hypoglycemia
was lower. The variation in results may be due
to the differences in sample size, study design,
and included populations (e.g., most partici-
pants in our study were not on iGlarLixi
monotherapy). Despite the difference in the
formulation of iGlarLixi used in the USA versus
Japan, the magnitude of HbA1c reduction over
6 months was similar in the US study [21] to
that in our study. This may be partly explained
by differences in the pathophysiology of T2D in
Japanese individuals versus non-Japanese indi-
viduals. Postprandial glucose control is of
greater significance in Japanese individuals
because of pronounced b-cell dysfunction and
reduced insulin secretion compared with Cau-
casians [22]. The 1:1 Japanese iGlarLixi formu-
lation addresses the need for both postprandial
glucose and fasting plasma glucose control,
yielding a clinically relevant reduction in
HbA1c.
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Our study has a number of strengths. It
provides real-world data on the use of iGlarLixi
to treat T2D, reflecting actual clinical practice
and the experience of individuals with T2D in
Japan, in contrast to the data obtain from
tightly controlled clinical trials. Further, it had a
moderately large sample size and included
individuals with various treatment backgrounds
and comorbidities representing a broader Japa-
nese T2D population. However, the study does
have a number of limitations that need to be
considered when interpreting the results. First,
being a retrospective observational study, par-
ticipants were not randomized to treatment
with iGlarLixi, some potential confounders
(such as comorbidities) were not assessed or
accounted for, and there may have been
physician selection and enrollment bias. Fur-
ther, the study did not include a comparator
and so the relative effectiveness of iGlarLixi
compared with other treatment modalities for
T2D cannot be determined from our study
results. Second, the study only assessed the
effects of iGlarLixi treatment for 6 months,
which is a relatively short treatment period for
T2D, a chronic disorder. Third, some of the
study subgroups were of a small size, such as
those of study participants C 75 years (n = 65)
and with a BMI C 30 kg/m2 (n = 95). Fourth,
treatment discontinuations due to gastroin-
testinal events may have been underestimated,
as the first assessment of such effects was only
recorded for individuals if they had data at
3 months’ post-initiation of iGlarLixi. Gas-
trointestinal events are known to occur early in
the course of iGlarLixi treatment and, therefore,
study participants particularly affected by such
AEs may have discontinued the drug before the
3-month time point. Fifth, the study did not
incorporate an inclusion criterion for partici-
pants to have been on stable antidiabetic med-
ication in the 6 months prior to study
enrollment. Hence, it is possible that the
observed effects were related to changes in (in-
tensification of) other antidiabetic medications
rather than the initiation of iGlarLixi. However,
it should be noted that the proportion of indi-
viduals who had changes in the dose of their
OADs or bolus insulin after initiation of iGlar-
Lixi was relatively small (data not shown).

Finally, the findings from this Japanese sample
may not be applicable to individuals with T2D
in other countries, particularly given that the
ratio of the two components of iGlarLixi used in
Japan differs to that used in the USA and
Europe.

CONCLUSIONS

The results of this real-world study generally
support those reported from randomized con-
trolled trials of iGlarLixi in Japan. The current
study’s findings indicate that iGlarLixi
improved glycemic control without serious
adverse events in Japanese individuals with T2D
who have suboptimal glycemic control on cur-
rent treatment regimens in clinical practice. A
significant HbA1c reduction from baseline was
observed in the FAS.
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