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ABSTRACT

Introduction: The clinical benefits of insulin
glargine 300 U/mL (Gla-300) have been con-
firmed in randomised clinical trials (EDITION
programme and BRIGHT) and real-world studies
in the USA and Western Europe. ATOS evalu-
ated the real-world effectiveness and safety of
Gla-300 in wider geographic regions (Asia, the
Middle East, North Africa, Latin America and
Eastern Europe).
Methods: This prospective observational,
international study enrolled adults (C 18 years)
with type 2 diabetes mellitus (T2DM) uncon-
trolled [haemoglobin A1c (HbA1c)[7% to

B 11%] on one or more oral anti-hypergly-
caemic drugs (OADs) who had been advised by
their treating physician to add Gla-300 to their
existing treatment. The primary endpoint was
achievement of a pre-defined individualised
HbA1c target at month 6.
Results: Of the 4550 participants included,
4422 (51.8% female) were eligible for assess-
ment. The mean ± standard deviation (SD) age
was 57.2 ± 10.8 years, duration of diabetes was
10.2 ± 6.2 years and baseline HbA1c was
9.28 ± 1.0%. The proportion of participants
reaching their individualised glycaemic target
was 25.2% [95% confidence interval (CI)
23.8–26.6%] at month 6 and 44.5% (95% CI
42.9–46.1%) at month 12. At months 6 and 12,
reductions were observed in HbA1c (-1.50%
and -1.87%) and fasting plasma glucose (-3.42
and -3.94 mmol/L). Hypoglycaemia incidence
was low, and body weight change was minimal.
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Adverse events were reported in 283 (6.4%)
participants, with 57 (1.3%) experiencing seri-
ous adverse events.
Conclusion: In a real-world setting, initiation
of Gla-300 in people with T2DM uncontrolled
on OADs resulted in improved glycaemic con-
trol and low rates of hypoglycaemia with min-
imal weight change.
Trial Registration: Clinicaltrials.gov number
NCT03703869.

Keywords: Basal insulin; Glycaemic control;
Hypoglycaemia; Insulin glargine 300 U/mL;
Real-world; Type 2 diabetes

Key Summary Points

Why carry out this study?

Efficacy and safety of insulin glargine
300 U/mL (Gla-300) has been
demonstrated in randomised clinical trials
and real-world studies conducted in the
USA and Western Europe.

ATOS study evaluated the use of Gla-300
in real-world populations across Asia, the
Middle East, North Africa, Latin America
and Eastern Europe.

What was learned from the study?

Initiation of Gla-300 in insulin-naı̈ve
participants with type 2 diabetes after
failure of oral anti-hyperglycaemic drugs,
showed an improvement in glycaemic
control with an adequate safety profile.

On the basis of the current study results, in
a real-world clinical setting, Gla-300 can
be a treatment choice for people with type
2 diabetes who are insufficiently
controlled with oral anti-hyperglycaemic
drugs across the five regions of the world
with diverse clinical profiles and
treatment practices.

DIGITAL FEATURES

This article is published with a graphical
abstract, to facilitate understanding of the arti-
cle. To view digital features for this article go to
https://doi.org/10.6084/m9.figshare.21070690.

INTRODUCTION

Diabetes is a major health issue that affects 463
million adults worldwide, the majority (90%) of
whom have type 2 diabetes mellitus (T2DM).
Furthermore, its prevalence is rapidly rising,
especially in Africa, the Middle East, South East
Asia and Central America regions [1]. In devel-
oping countries, the major factors driving the
increased prevalence are unhealthy lifestyle
factors, such as diet and sedentary lifestyle [2],
genetic susceptibility [3, 4] and unique patient
phenotypes such as higher glycated haemoglo-
bin (HbA1c) levels, and low degree of initial
presentation of obesity, especially in Asia [5–8].
Management of T2DM in these settings is sub-
optimal, often owing to challenges with access
to medications and increased co-morbid disor-
ders associated with diabetes.

Insulin glargine 300 U/mL (Gla-300) is a
second-generation basal insulin analogue,
which has a more stable and prolonged phar-
macokinetic and pharmacodynamic profile
compared with the first-generation basal insulin
analogue, insulin glargine 100 U/mL (Gla-100)
[9]. The EDITION randomised controlled trial
(RCT) programme demonstrated that Gla-300
provided similar glycaemic control with lower
hypoglycaemia risk compared with Gla-100 in
adults with T2DM [10–14]. Nevertheless, results
obtained in RCTs are not always representative
of real-world scenarios; thus, observational
studies in a real-world setting are important to
validate the results from RCTs. The clinical
benefits of Gla-300 observed in RCTs have sub-
sequently been confirmed in real-world studies
conducted in the USA and Western Europe
[15–18]; however, given that 75% of people
with diabetes reside outside these regions, real-
world data on the effectiveness and safety of
Gla-300 in wider geographic regions are war-
ranted. The ATOS study aimed to investigate
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the effectiveness and safety of Gla-300 when
added to oral anti-hyperglycaemic drug (OAD)
therapy after its failure in people with T2DM in
a real-world clinical practice setting in Asia, the
Middle East, North Africa, Latin America and
Eastern Europe.

METHODS

Study Design and Participants

A TOUJEO Observational Study (ATOS) was a
12-month prospective, observational study
assessing the real-world clinical effectiveness
and safety of Gla-300 in people with T2DM who
initiated Gla-300 therapy after OAD failure.
Participants were enrolled from 18 different
countries in various geographical regions
(Colombia, Egypt, India, Indonesia, Israel, Jor-
dan, Kuwait, Lebanon, Mexico, Peru, Philip-
pines, Russian Federation, Saudi Arabia,
Singapore, Taiwan, Thailand, Ukraine and the
United Arab Emirates). This study was con-
ducted in accordance with the guidelines for
Good Epidemiology Practice and the Declara-
tion of Helsinki, and the study is registered at
the US National Library of Medicine (Clinical-
trials.gov, number NCT03703869). The study
protocol was reviewed and approved by the
Independent Interdisciplinary Ethics Commit-
tee on Ethical Review for Clinical Studies in
accordance with the local regulations in each
participating country/study centre. The study
applied ‘‘new-user’’ design, enrolling patients at
the time they commenced treatment to min-
imise selection bias. All participants provided
written informed consent. Adults (C 18 years)
with uncontrolled T2DM (HbA1c[7% and
B 11%) on one or more OADs were included
following the physician’s decision (in accor-
dance with local guidelines) to add Gla-300 to
their ongoing OAD regimen. Participants were
insulin naı̈ve before being commenced on Gla-
300. Exclusion criteria included age\18 years,
type 1 diabetes, past or present receipt of other
injectable anti-hyperglycaemic drugs, any con-
traindication for Gla-300, pregnancy, breast
feeding, drug or alcohol abuse, any concomi-
tant disease with life expectancy of\ 1 year and

concomitant participation in another trial.
After initiation of Gla-300, participants were
observed for 12 months.

Study Endpoints

The primary endpoint was the percentage of
participants achieving their pre-defined indi-
vidualised HbA1c target (as determined by their
treating physician) at month 6. Secondary effi-
cacy endpoints included the percentage of par-
ticipants achieving their pre-defined
individualised HbA1c target at months 3 and 12
and changes in HbA1c, fasting plasma glucose
(FPG) and self-monitored blood glucose (SMBG)
from baseline to months 3, 6 and 12. Other
study endpoints included changes in insulin
dose, body weight and hypoglycaemia inci-
dence and rates [per participant-year (PPY)], as
well as incidence of adverse events (AEs).

Treatment and Data Collection

The Gla-300 dose and time of injection were
recorded at every visit. Participants’ pre-defined
individualised glycaemic goal was set by the
treating physician at study entry, and titration
was performed by the treating physician at their
discretion using locally applicable titration
algorithms. Data collection was performed from
March 2018 to February 2020. Data were col-
lected at baseline and at 3, 6 and 12 months.
HbA1c and FPG values available prior to or at
each visit were collected; fasting SMBG was
calculated as the mean of the three most recent
readings prior to each visit.

Statistical Analyses

Safety analyses were undertaken in the eligible
population, which included all participants
who provided informed consent, met the
inclusion/exclusion criteria and initiated Gla-
300 within ±31 days of the start of the study.
Efficacy analyses were undertaken in the evalu-
able population (all eligible participants with an
HbA1c assessment at month 6). Descriptive
statistics of quantitative effectiveness and safety
parameters was used. Least square (LS) mean
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change from baseline in HbA1c, FPG, fasting
SMBG and body weight were assessed using a
mixed model for repeated measurements
(MMRM).

RESULTS

A total of 4550 participants from Asia, the
Middle East, North Africa, Latin America and
Eastern Europe were recruited by 363 physi-
cians. Overall, 4422 participants received Gla-
300 and were eligible for assessment. Please see
Supplementary Fig. S1 for complete participant
disposition. The majority (90.2%) of partici-
pants continued Gla-300 treatment until the
end of the study (month 12). The mean ± s-
tandard deviation (SD) age was
57.2 ± 10.8 years, and the majority (73.6%) of
participants were\65 years old; 51.8% of par-
ticipants were female. At baseline, the mean
body weight was 80.7 ± 16.3 kg and body mass
index (BMI) was 29.4 ± 5.3 kg/m2 (Table 1). The
mean duration of diabetes was 10.2 ± 6.2 years,
and HbA1c at baseline was 9.28 ± 1.0%. The
mean physician-set individualised HbA1c target
was 7.0 ± 0.4%, with the majority (70%) of
participants having an HbA1c target of 7–7.5%.

The median duration of OAD use was
9.0 years, and 37.1% of participants were on
three or more OADs at baseline. Biguanides
were the most commonly used OAD at baseline
(88.9% of participants), followed by sulfony-
lureas (73.0%) and dipeptidylpeptidase-4 (DDP-
4) inhibitors (43.5%). Very few changes were
observed while considering concomitant use of
OADs; biguanides (88.4%) were the most used
concomitant OAD taken from first administra-
tion of the study drug to the end of the study;
other common concomitant OADs were sul-
fonylureas (71.7%) and DDP-4 inhibitors
(43.9%).

Effectiveness Outcomes

HbA1c Target Achievement
Six months after initiating treatment with Gla-
300, 25.2% [95% confidence interval (CI)
23.8–26.6%] of participants achieved their pre-
defined individualised HbA1c target (primary

endpoint), increasing to 44.5% (95% CI
42.9–46.1%) at month 12. At month 6, 65.3% of
participants had an HbA1c\8%, which increased
to 81.5% by the end of the study (Fig. 1).

Changes in HbA1c, FPG and SMBG
The mean ± SD HbA1c reduced from
9.28 ± 1.0% at baseline to 8.19 ± 1.04%,
7.77 ± 1.06% and 7.38 ± 0.97% at months 3, 6
and 12, respectively, with LS mean change from
baseline of -1.07%, -1.50% and -1.87% at
months 3, 6 and 12, respectively (Fig. 2). There
were no differences in terms of HbA1c change
from baseline to month 6 among patients who
received concomitant OADs such as sulfony-
lureas, biguanides, thiazolidinediones, SGLT2
inhibitors or a-glucosidase inhibitors. Incremen-
tal reductions were observed in FPG and fasting
SMBG over 12 months. The mean ± SD FPG
reduced from 11.00 ± 2.96 mmol/L at baseline to
8.07 ± 2.05 mmol/L, 7.54 ± 1.89 mmol/L and
7.01 ± 1.64 mmol/L at months 3, 6 and 12,
respectively. The mean ± SD fasting SMBG
reduced from 10.76 ± 2.55 mmol/L at baseline to
8.03 ± 1.85 mmol/L, 7.63 ± 1.61 mmol/L and
7.14 ± 1.43 mmol/L at months 3, 6 and 12,
respectively (Fig. 2). Treatment intensification
with additional concomitant anti-hyperglycaemic
drugs were prescribed in 14.3% of participants.

Insulin Dose
At baseline, the mean ± SD starting dose of Gla-
300 was 14.6 ± 6.5 units/day (U) corresponding
to 0.19 ± 0.09 units/kg body weight/day (U/kg).
The mean Gla-300 dose increased from baseline
by 4.9 ± 7.1 U (0.06 ± 0.09 U/kg), 7.1 ± 8.5 U
(0.08 ± 0.10 U/kg) and 8.6 ± 9.7 U
(0.10 ± 0.12 U/kg) at months 3, 6 and 12,
respectively, resulting in a mean dose of
19.6 ± 8.6 U (0.25 ± 0.11 U/kg), 21.8 ± 9.5 U
(0.27 ± 0.11 U/kg) and 23.3 ± 10.3 U
(0.29 ± 0.12 U/kg) at months 3, 6 and 12,
respectively. See Table S1 in the supplementary
material for details.

Body Weight
There were no significant changes in mean body
weight over the 12-month study period. See
Supplementary Table S1 for details.
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Table 1 Participant demographics and disease characteristics

Eligible participants (N = 4422)

Age, years 57.2 ± 10.8

Median (Q1:Q3), years 58 (50:65)

\ 65 years, n (%) 3254 (73.6)

65–75 years, n (%) 983 (22.2)

C 75 years, n (%) 185 (4.2)

Sex, n (%)

Female 2291 (51.8)

Body weight, kg 80.7 ± 16.3

BMI, kg/m2 29.4 ± 5.3

Median (Q1:Q3), years 28.7 (26:32)

\ 25, n (%) 760 (20.2)

C 25 to\ 30, n (%) 1509 (40.1)

C 30 to\ 35, n (%) 971 (25.8)

C 35, n (%) 519 (13.8)

Duration of diabetes, years [median (Q1:Q3)] 9 (6:13)

C 1 to\ 5 years, n (%) 816 (18.5)

C 5 to\ 10 years, n (%) 1595 (36.1)

C 10 years, n (%) 2011 (45.5)

HbA1c, %a 9.28 ± 1.0

HbA1c (%), n (%)

C 7 to\ 7.5 94 (2.1)

C 7.5 to\ 8 342 (7.7)

C 8 to\ 9 1348 (30.5)

C 9 to\ 10 1351 (30.6)

C 10 1287 (29.1)

Pre-defined, individualised target HbA1c, % 7.0 ± 0.4

Pre-defined, individualised target HbA1c (%), n (%)

\ 7 604 (13.7)

C 7 to\ 7.5 3115 (70.4)

C 7.5 to\ 8 522 (11.8)

C 8 181 (4.1)

FPG, mmol/L 11.0 ± 3.1

Fasting SMBG, mmol/L 10.8 ± 2.6
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Table 1 continued

Eligible participants (N = 4422)

Duration of OAD treatment, years [median (Q1:Q3)]b 9 (5:13)

OAD use at baseline, n (%)c

1 OAD use 767 (17.3)

2 OAD use 2016 (45.6)

C 3 OAD use 1639 (37.1)

OAD at baseline, n (%)

Biguanides 3932 (88.9)

Sulfonylureas 3228 (73.0)

DDP-4 inhibitors 1925 (43.5)

SGLT-2 inhibitors 630 (14.2)

a-Glucosidase inhibitors 264 (6.0)

Thiazolidinediones 216 (4.9)

Glinides 53 (1.2)

Prior antidiabetic medicationd

Biguanides 3833 (86.7)

Sulfonylureas 3109 (70.3)

DDP-4 inhibitors 1762 (39.8)

SGLT-2 inhibitors 546 (12.3)

a-Glucosidase inhibitors 233 (5.3)

Thiazolidinediones 188 (4.3)

Glinides 45 (1.0)

Concomitant antidiabetic medicatione

Biguanides 3908 (88.4)

Sulfonylureas 3169 (71.7)

DDP-4 inhibitors 1942 (43.9)

SGLT-2 inhibitors 678 (15.3)

a-Glucosidase inhibitors 274 (6.2)

Thiazolidinediones 215 (4.9)

Glinides 50 (1.1)

Any diabetes complication and comorbidity history 3219 (72.8)

Diabetic neuropathy 1686 (38.1)

Renal function impairment 579 (13.1)
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Hypoglycaemia
Incidence and event rates of hypoglycaemia in
participants treated with Gla-300 are presented
in Table 2. The incidence of documented
symptomatic (blood glucose B 3.9 mmol/L)
hypoglycaemia was 0.86% at month 6 and
1.27% at month 12. Similarly, the incidence of
symptomatic hypoglycaemia represented by
blood glucose\3.0 mmol/L was low at month
6 (0.11%) and month 12 (0.20%). Overall, very
few participants reported severe hypoglycaemia
at 6 months (0.11%) and 12 months (0.14%).

Safety Outcomes

Overall, treatment-emergent AEs were reported
in 283 (6.4%) participants. AEs considered to be
possibly related to the use of Gla-300 by the

investigator or the sponsor were reported for 12
(0.3%) participants. Serious adverse events
(SAEs) were observed in 57 (1.3%) participants.
One participant reported an SAE of hypogly-
caemic coma, which was considered related to
treatment with Gla-300. Fatal AEs were
observed in 10 (0.2%) participants; none was
considered related to Gla-300. The Medical
Dictionary for Regulatory Activities (MedDRA)
preferred terms reported, each for one single
participant, were sepsis, stage IV gastric cancer,
prostate cancer, metastatic small-cell lung can-
cer, brain oedema, cardiac arrest, coronary
artery disease and death of unknown cause; two
participants had myocardial infarction. Eight
(0.2%) participants had an AE leading to pre-
mature treatment discontinuation (Table 3).

Table 1 continued

Eligible participants (N = 4422)

Microalbuminuria 404 (9.1)

Macroalbuminuria 102 (2.3)

Advanced kidney disease 68 (1.5)

End-stage renal failure 3 (0.1)

Hypertension 2323 (52.5)

Dyslipidaemia 2163 (48.9)

Coronary heart disease 428 (9.7)

Acute myocardial infarction 121 (2.7)

Heart failure 208 (4.7)

Values are mean ± SD unless otherwise indicated
DDP-4 dipeptidylpeptidase-4, HbA1C haemoglobin A1c, FPG fasting plasma glucose, OAD oral anti-hyperglycaemic drug,
SD standard deviation, SGLT-2 sodium–glucose co-transporter-2, SMBG self-monitored blood glucose
aIf value prior to start with insulin glargine U300 was not available, baseline HbA1c value is defined as the first available
value up to 2 weeks after the first administration of insulin glargine U300
bDuration was calculated on the basis of the participants who reported at least one OAD. Out of 4422 participants, 6
participants did not report date of first OAD intake
cOAD use at baseline is defined as the medications taken within 6 months of screening (i.e. taken in any time from the
6 months before informed consent date)
dPrior medications were those the participants used within 3-month period prior to first IMP intake
eConcomitant medications were all those medications that were being taken by the participants from first administration of
study drug to the end of the study
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DISCUSSION

In this prospective, observational study in Asia,
the Middle East, North Africa, Latin America

and Eastern Europe, the effectiveness and safety
of Gla-300 were evaluated over 12 months in
4422 insulin-naı̈ve people with T2DM.
Approximately 25% of participants achieved
their pre-defined individualised HbA1c target
6 months after receiving Gla-300; however, this
proportion increased to approximately 45% by
12 months. Furthermore, the proportion of
participants achieving an HbA1c level of\
7.5% was * 41% at month 6 and increased to
approximately two-thirds (64%) of participants
by month 12. Improvements were also observed
for other glycaemic parameters (FPG and
SMBG), along with minimal changes in weight
and low incidence and event rates of hypogly-
caemia. The incidence of AEs was low, with
fewer than 1% of participants reporting AEs
related to the study treatment, including one
SAE. Overall, Gla-300 use was associated with
improved glycaemic control and low rates of
reported hypoglycaemia in this real-world study
population, with minimal change in daily
insulin dose and few AEs related to the study
treatment.

The results of this real-world study support
the findings from other studies of Gla-300 use in
insulin-naı̈ve people with T2DM, namely the
EDITION 3 and BRIGHT RCTs [17, 19] and the
TOUJEO-1, DELIVER Naı̈ve and DELIVER Naı̈ve-
D real-world studies [20–22]. In brief, the EDI-
TION 3 and BRIGHT studies were treat-to-target
RCT of * 6 months duration that compared
the efficacy and safety of Gla-300 with either
the first-generation basal insulin analogue,
insulin glargine 100 U/mL (Gla-100) [19], or the
second-generation basal insulin, insulin deglu-
dec (IDeg) [17]. DELIVER Naı̈ve and DELIVER
Naı̈ve-D were real-world retrospective observa-
tional studies comparing the effectiveness and
safety of Gla-300 with either Gla-100 (DELIVER
Naı̈ve) [21] or IDeg (DELIVER Naı̈ve-D) [22]
using data from US electronic healthcare
records, while the TOUJEO-1 was a prospective
12-month real-world observational study, simi-
lar to the ATOS, but was mainly conducted in
population from Switzerland and Germany [20].

The proportion of participants reaching their
individualised targets in the ATOS (25%) was
lower than that of the EDITION 3 (43%) and
BRIGHT (49%) RCTs [17, 19]. It should be noted

Fig. 1 Percentage of participants reaching the pre-defined
individualised HbA1c target, HbA1c\ 7.5% and
HbA1c\ 8% at months 3, 6 and 12. *Achievement of
individualised HbA1c target at 6 months is the primary
endpoint of the study. Efficacy analyses were undertaken in
the evaluable population, n = 3704 at month 3, n = 3931
at month 6 and n = 3748 at month 12. #The 3-month
period was defined as first treatment administration to visit
2 (month 3); the 6-month period was defined as first
treatment administration to visit 3 (month 6) or treatment
discontinuation, whichever occurred first, and the
12-month treatment period was defined as first treatment
administration to visit 4 (month 12) or treatment
discontinuation, whichever occurred first. HbA1c haemo-
globin A1c
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that the EDITION 3 and BRIGHT RCTs used a
set HbA1c target of\7%, rather than individ-
ualised targets [17, 19]; however, the mean
individualised target set in the ATOS was gen-
erally aligned with this goal of 7% (ranging
from C 7% to\7.5% for 70% of the partici-
pants). The lower target achievement in the
ATOS could be due to more cautious titration in
the clinical practice setting (with no recom-
mended titration algorithm in the protocol) of
the ATOS compared with the more aggressive
treat-to-target titration algorithm used in EDI-
TION 3 and BRIGHT RCTs. In support of this,

Gla-300 dose increases from baseline to month
6 observed in the ATOS were much lower than
those observed in the EDITION 3 and BRIGHT
studies (0.08 U/kg versus 0.43 U/kg and 0.36 U/
kg, respectively) [17, 19, 23]. Furthermore,
ATOS had a higher baseline HbA1c than that
seen in the EDITION 3 and BRIGHT studies
(ATOS 9.28%, EDITION 3 8.49% [19] and
BRIGHT 8.71% [17]), which might have also
contributed to the lower target achievement
observed.

The HbA1c target achievement in the ATOS
was similar to that seen in the observational
DELIVER Naı̈ve (25% at\ 7%) [21] and DELI-
VER Naı̈ve-D (24% at\7%) [22] real-world
studies. However, target achievement in ATOS
at 6 months was lower than that observed in
TOUJEO-1 (33%) [20]. Of note, this difference in
HbA1c target achievement between ATOS and
TOUJEO-1 was attenuated at 12 months (ATOS:
45% versus TOUJEO-1: 50%) [20], highlighting
that titration in the ATOS might have been
gradual but continued over the full 12-month
study period.

Interestingly, HbA1c reductions observed at
month 6 in ATOS were generally comparable to
those observed in the EDITION 3 and BRIGHT
RCTs (LS mean changes in HbA1c were -1.50%
in ATOS, -1.42% in EDITION 3 and -1.64% in
BRIGHT) [17, 19]. Similar results were seen for

bFig. 2 Mean HbA1c (A), FPG (B) and SMBG (C) levels
at baseline and months 3, 6 and 12. Efficacy analyses were
undertaken in the evaluable population. Data shown are
mean ± SD. �HbA1c: n = 3704 at month 3, n = 3931 at
month 6 and n = 3748 at month 12. �FPG: n = 3565 at
month 3, n = 3718 at month 6 and n = 3579 at month
12. §SMBG: n = 2071 at month 3, n = 2973 at month 6
and n = 2859 at month 12. }The 3-month period was
defined as first treatment administration to visit 2 (month
3); the 6-month period was defined as first treatment
administration to visit 3 (month 6) or treatment discon-
tinuation, whichever occurred first, and the 12-month
treatment period was defined as first treatment adminis-
tration to visit 4 (month 12) or treatment discontinuation,
whichever occurred first. LS mean change was assessed
using a mixed model for repeated measurements approach.
CI confidence interval; FPG fasting plasma glucose,
HbA1C haemoglobin A1c, LS least squares, SMBG self-
monitored blood glucose
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LS mean FPG reductions (ATOS -3.4 mmol/L,
EDITION -3.4 mmol/L [19] and
BRIGHT -3.5 mmol/L [17]). This suggests that
lower HbA1c reductions may be achieved in
real-world studies as in RCTs (as reported pre-
viously for studies on anti-hyperglycaemic
drugs [24]), perhaps owing to the broader clin-
ical profiles of participants included in real-
world studies, along with more rigorous partic-
ipant compliance in RCTs [25]. This is encour-
aging given that the FPG targets used for
titration in the treat-to-target EDITION 3 and
BRIGHT RCTs were likely more stringent than
the locally applicable titration targets used in
the ATOS. HbA1c reductions in the ATOS at
month 6 were also similar to those observed in

the DELIVER Naı̈ve (-1.52%) and the DELIVER
Naı̈ve-D (-1.67%) real-world studies [21, 22]
but were slightly greater than that observed in
the TOUJEO-1 study (-1.02%) at month 6 [20].
Similarly, FPG reductions seen in the ATOS were
also greater than those reported in the TOUJEO-
1 real-world evidence (RWE) study at month 6
(-2.5 mmol/L) [20]. Of note, HbA1c and FPG
reductions at 12 months were also greater for
the ATOS than for TOUJEO-1 [20].

The high baseline HbA1c and FPG values in
the ATOS (HbA1c 9.28%, FPG 11.0 mmol/L)
might have contributed to the greater gly-
caemic reductions than those seen in TOUJEO-
1, which had lower baseline values (HbA1c
8.52%, FPG 10.2 mmol/L) [20]. Of note, this

Table 2 Incidence of hypoglycaemia

Hypoglycaemia
incidence

Gla-300 (N = 4422)

All hypoglycaemia Nocturnal hypoglycaemia

n (%) Event rate per participant-year,
n (rate)

n (%) Event rate per participant-year,
n (rate)

Any hypoglycaemia

Month 6 64 (1.45) 81 (0.037) 10 (0.23) 13 (0.006)

Month 12 88 (1.99) 120 (0.029) 13 (0.29) 16 (0.004)

Documented symptomatic (blood glucose B 3.9 mmol/L)

Month 6 38 (0.86) 60 (0.027) 8 (0.18) 10 (0.005)

Month 12 56 (1.27) 91 (0.022) 11 (0.25) 13 (0.003)

Documented symptomatic (blood glucose\ 3.0 mmol/L)

Month 6 5 (0.11) 5 (0.002) 2 (0.05) 2 (0.001)

Month 12 9 (0.20) 9 (0.002) 2 (0.05) 2 (0.000)

Severe hypoglycaemia

Month 6 5 (0.11) 6 (0.003) 1 (0.02) 1 (0.000)

Month 12 6 (0.14) 7 (0.002) 1 (0.02) 1 (0.000)

n (%): number and percentage of participants with at least one hypoglycaemia event
n (rate): number of hypoglycaemia events and event rate per participants-year
The 6-month treatment period was defined as first treatment administration to visit 3 (month 6) or treatment discon-
tinuation, whichever occurred first, and the 12-month treatment period was defined as first treatment administration to visit
4 (month 12) or treatment discontinuation, whichever occurred first
Safety analyses were undertaken in the eligible population (N = 4422; those meeting the inclusion/exclusion criteria who
started Gla-300 ± 31 days from study start)
Gla-300 insulin glargine 300 U/mL
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might also have contributed to the similar
HbA1c reductions seen in the ATOS compared
with the EDITION and BRIGHT studies, which
also had lower baseline HbA1c and FPG values
than the ATOS [17, 19]. Baseline HbA1c values
were also high in the DELIVER Naı̈ve and
DELIVER Naı̈ve-D studies, which demonstrated
similar HbA1c reductions seen in the ATOS [22].

The higher baseline HbA1c and FPG values in
the ATOS compared with the EDITION 3 and
BRIGHT RCTs are not unexpected, given that
these RCTs excluded individuals with

HbA1c[ 10.5–11% at baseline [17, 19]. While it
could be argued that the higher baseline HbA1c
and FPG seen in the ATOS compared with the
TOUJEO-1 study could be related to a greater
insulin treatment inertia in the regions studied
in ATOS, it should be noted that the average
duration of diabetes in the ATOS (mean
10.2 years) before initiating insulin therapy was
comparable to that of EDITION 3 (mean
10.1 years) [19], BRIGHT (mean 10.5 years) [17]
and TOUJEO-1 (mean 9.0 years) [20], suggesting
this might not be the case. It is also worth

Table 3 Treatment-emergent adverse events

N (%) All (N = 4422)

Any AE� 283 (6.4)

Infections and infestations 84 (1.9)

Metabolism and nutrition disorders 38 (0.9)

Gastrointestinal disorders 38 (0.9)

Nervous system disorders 34 (0.8)

General disorders and administration site conditions 26 (0.6)

Injury, poisoning and procedural complications 20 (0.5)

Respiratory, thoracic and mediastinal disorders 18 (0.4)

Cardiac disorders 17 (0.4)

Any serious AE� 57 (1.3)

Cardiac disorders 13 (0.3)

Any related AE 12 (0.3)

Any serious related AE� 1 (0.0)

Nervous system disorders 1 (0.0)

Any AE leading to premature treatment discontinuationa 8 (0.2)

Psychiatric disorders 2 (0.0)

General disorders and administration site conditions 2 (0.0)

Any AE leading to deatha 10 (0.2)

Cardiac disorders 4 (0.1)

Neoplasms benign, malignant and unspecified 3 (0.1)

Treatment period is defined as time from the first administration until last administration at the end of study or treatment
discontinuation
AE adverse event, N number, SOC system organ class
aThe primary SOC sorted by the internationally agreed SOC order
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noting that other baseline demographics seen
in ATOS differed slightly to those seen in studies
of the USA and Western European populations.
For instance, mean age and mean BMI at base-
line were lower in the ATOS (57.2 years and
29.4 mg/kg2) than that in the US and Western-
European studies (range of means across studies,
age 58.2–64.9 years; BMI 31.2–34.0 mg/kg2)
[16, 17, 19–22], the latter likely being explained
by a higher representation of Asian ethnic
groups in the ATOS, who are at risk of T2DM at
a lower BMI, than the Caucasians [26]. These
differences in patient clinical profiles are
important to note when comparing the results
with other studies [27–30].

Overall, the incidence and rates of docu-
mented symptomatic and severe hypogly-
caemia (at night and at any time of the day)
were low in ATOS. This supports the well-bal-
anced safety profile of Gla-300 seen in the
BRIGHT and EDITION 3 RCTs and in real-world
studies of populations in the US and Western
Europe [16, 17, 19–22]. The incidence and rates
of reported hypoglycaemia events after
6 months were much lower in the ATOS than
that reported in the EDITION 3 and BRIGHT
RCTs and the DELIVER Naı̈ve and DELIVER
Naı̈ve-D real-world studies [17, 19, 21, 22].
Similarly, 12-month event rates in ATOS were
lower than those observed in the LIGHTNING
real-world study, which used predictive mod-
elling to estimate hypoglycaemia event rates at
12 months using data from US electronic
healthcare records [16]. Possible explanations
for the low hypoglycaemia risk seen in the
ATOS could be under-reporting due to recall
bias or participants not informing their physi-
cians about episodes of hypoglycaemia [31, 32]
and the less stringent titration seen in ATOS.
Despite higher proportion of participants using
sulfonylureas in the ATOS study compared with
the TOUJEO-1 study (* 70% versus * 13%,
respectively) [20], hypoglycaemia incidence and
rates were comparable in the two studies. The
high use of sulfonylureas in ATOS might also
have influenced the cautious titration observed,
as physicians were conscious of avoiding
hypoglycaemia; this, in turn, might have
impacted the target achievement seen in the
ATOS.

Body weight remained stable during the
study period in ATOS; this is in contrast with
the EDITION 3 and BRIGHT RCTs, which both
showed weight increases 6 months following
initiation of Gla-300 therapy (* 0.5 kg and
2.0 kg, respectively) [17, 19]. However, the
results of the ATOS were similar to those seen in
the TOUJEO-1, which also demonstrated
stable bodyweight over time [20]. The fear of
weight gain is one of the major barrier to insulin
initiation and optimal titration [33]. Conse-
quently, it is encouraging that body weight did
not increase in the ATOS; however, these results
should be taken in the context of the small Gla-
300 dose increments seen.

Strengths of the ATOS study include its real-
world design and wide geographical distribu-
tion, including countries which may generally
be under-represented in terms of diabetes clin-
ical management data. Limitations include the
lack of comparator arm; consequently, it is only
possible to compare participant data from
baseline (before commencing Gla-300) and at
months 3, 6 and 12 after commencing Gla-300.
Although the lack of comparator is a limitation,
the new-user design applied and minimal
changes observed in the OAD therapies during
the study suggest that the results can be attrib-
uted mainly to Gla-300. As with other real-
world studies, data on certain outcomes, such as
AEs and hypoglycaemia, may be subject to
participant recall bias, which could result in
underestimation of the true incidence. Fur-
thermore, while real-world studies provide
information in a diverse participant population,
including high-risk individuals who are often
excluded from RCTs may result in confounding
factors that could affect results. Participant
selection bias may also be present, as the par-
ticipants were enrolled voluntarily and, there-
fore, may have adjusted their behaviour owing
to their awareness of study monitoring.

CONCLUSION

In summary, the results observed in the ATOS
study support the effectiveness of Gla-300 in a
real-world setting and are consistent with the
data from RCTs and other RWE studies of Gla-
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300, as indicated by a pronounced HbA1c
reduction from baseline to months 6 and 12
and an increase in the proportion of partici-
pants reaching individualised glycaemic targets.
Additionally, almost two-thirds of participants
reached an HbA1c of 7.5% or less after
12 months. These glycaemic improvements
were observed alongside low incidence of
reported hypoglycaemia, and stable body
weight. However, insulin dose increases were
minimal, suggesting suboptimal titration, and
in the context of the low incidence of hypo-
glycaemia seen in ATOS, this observation sug-
gests that more effective titration would have
enabled more patients to reach their targets
while still maintaining a low risk of hypogly-
caemia. Nevertheless, participants initiating
therapy with Gla-300 in a real-world setting in
Asia, the Middle East, North Africa, Latin
America and Eastern Europe still experienced
improvements in glycaemic control.
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