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ABSTRACT

Introduction: Insulin glargine 300 U/mL (Gla-
300) is a novel glargine formulation which shows
slower and more prolonged absorption following
subcutaneous administration in comparison to
insulin glargine 100 U/mL. In this prospective,
observational, single-arm, multicenter, real-world
study conducted in Serbia, we evaluated the
effectiveness and safety of Gla-300 in patients
with type 2 diabetes mellitus (T2DM) previously
inadequately controlled with different basal or
premix insulin therapy regimes.

Methods: A total of 350 patients with T2DM
were enrolled by 27 physicians, from date of the
first patient in (12 December 2017) to the date
of last patient completed/last patient out (30
October 2018), from both medical centers and
general hospitals. Patients’ observation and data
collection were performed at visit 1 (V1), i.e.,
the inclusion visit (3–6 months after Gla-300
introduction), including collection of retro-
spective data from the patients’ medical charts
at the time of Gla-300 introduction, and at visit
2 (V2) (3–6 months after V1). The primary
objective was to assess the change in glycated
hemoglobin (HbA1c) level from day of the Gla-

M. Velojic-Golubovic � V. Ciric � S. Radenkovic �
D. Radojkovic � S. Vukadinovic
Clinical Center Nis, Nis, Serbia

M. Velojic-Golubovic � V. Ciric � S. Radenkovic �
D. Radojkovic
Medical Faculty, University of Nis, Nis, Serbia

M. Dimitrijevic � T. Kovic
Sanofi, Belgrade, Serbia

M. Mitic
General Hospital Cuprija, Cuprija, Serbia

B. Olujic
General Hospital ‘‘Dr Radivoj Simonovic’’, Sombor,
Serbia

N. Pevac
General Hospital Sremska Mitrovica, Sremska
Mitrovica, Serbia

D. S. Popovic
Medical Faculty, University of Novi Sad, Novi Sad,
Serbia

D. S. Popovic (&)
Clinic for Endocrinology, Diabetes and Metabolic
Disorders, Clinical Center of Vojvodina, Hajduk
Veljkova 1, 21000 Novi Sad, Serbia
e-mail: pitstop021@gmail.com;
djordje.popovic@mf.uns.ac.rs;
djordje.popovic@kcv.rs

Diabetes Ther (2021) 12:2049–2058

https://doi.org/10.1007/s13300-021-01074-2

http://orcid.org/0000-0002-2763-1326
http://crossmark.crossref.org/dialog/?doi=10.1007/s13300-021-01074-2&amp;domain=pdf
https://doi.org/10.1007/s13300-021-01074-2


300 initiation to the end of the observational
period, while the secondary objectives included
other effectiveness, as well as safety and other
clinically relevant data.
Results: The mean age of the 350 patients was
63.4 ± 8.4 years and 56.3% were female. The
mean duration of diabetes was 13.4 ± 7.4 years,
while the mean duration of insulin therapy
prior to Gla-300 initiation was 5.3 ± 3.9 years.
There was a significant reduction in HbA1c level
at each visit compared to the previous visit
(8.63 ± 1.52% at baseline prior to Gla-300 ini-
tiation, 7.87 ± 1.13% at V1, 7.45 ± 1.05% at
V2; p\ 0.01 vs. previous visit) accompanied by
significant reduction of all hypoglycemic events
(p\ 0.01).
Conclusion: Initiation of Gla-300 therapy sig-
nificantly improved glycemic control and
reduced the risk of hypoglycemia in patients
with T2DM inadequately controlled with dif-
ferent basal or premix insulin therapy regimes.
Funding: Sanofi Serbia.

Keywords: Basal insulin; Glargine 300 U/mL;
Glycemic control; Type 2 diabetes

Key Summary Points

Insulin glargine 300 U/mL is a novel
glargine formulation which shows slower
and more prolonged absorption following
subcutaneous administration in
comparison to insulin glargine 100 U/mL

We evaluated the effectiveness and safety
of insulin glargine 300 U/mL in patients
with type 2 diabetes mellitus previously
inadequately controlled with different
basal or premix insulin therapy regimes

The primary objective was to assess the
change in glycated hemoglobin level from
day of the insulin glargine 300 U/mL
initiation to the end of the observational
period

There was a significant reduction in
glycated hemoglobin level at each visit
compared to the previous visit
accompanied by significant reduction of
all hypoglycemic events

Initiation of insulin glargine 300 U/mL
therapy significantly improved glycemic
control and reduced the risk of
hypoglycemia in patients with type 2
diabetes mellitus inadequately controlled
with different basal or premix insulin
therapy regimes

DIGITAL FEATURES

This article is published with digital features,
including a summary slide to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.14541735.

INTRODUCTION

The intensive antihyperglycemic treatment
resulting in reduction of glycated hemoglobin
(HbA1c) level delays both the development and
progression of complications in patents with
type 2 diabetes mellitus (T2DM) [1]. In spite of
unambiguous evidence supporting the vital role
of optimal glycemic control in the management
of patients with T2DM, and increasing number
of available pharmacologic options [2], a sig-
nificant proportion still fail to achieve optimal
glycemic targets resulting in a higher risk of
diabetes-related morbidity and mortality [3].

Although the number of available antihy-
perglycemic pharmacologic agents is continu-
ously growing, insulin remains the most
effective and consistent treatment for main-
taining optimal blood glucose levels in patients
with T2DM [4]. However, the risk of hypo-
glycemia and weight gain are the main limiting
factors for justified and timely initiation and
optimization of insulin therapy [5–7], often
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preventing both patients and physicians from
adequate intensification of the treatment of
blood glucose necessary to achieve recom-
mended HbA1c targets [8–10].

Insulin glargine 300 U/mL (Gla-300) is a
novel insulin glargine formulation which shows
a slower and more prolonged absorption fol-
lowing subcutaneous administration in com-
parison to insulin glargine 100 U/mL (Gla-100),
resulting in more even pharmacokinetic and
pharmacodynamic profiles, more prolonged
duration of action, and extended tight blood
glucose control well beyond 24 h [11].

In EDITION 2, a 6-month, open-label, ran-
domized controlled trial, Gla-300 demonstrated
similar glucose-lowering effects with the less
frequent nocturnal or severe hypoglycemic
episodes during the first 8 weeks of the study, a
period when titration should be the most
intensive, in comparison to Gla-100 in patients
with T2DM [12]. Also, fewer cases of both noc-
turnal and any time hypoglycemic events and
less weight gain were reported over the entire
6-month period for Gla-300 comparing to Gla-
100 [12].

The aim of this prospective, observational,
single arm, multicenter, real-world study, car-
ried out in Serbia, is to evaluate the effectiveness
and safety of Gla-300 in patients with T2DM
inadequately controlled with different basal or
premix insulin therapy regimes.

METHODS

Study Population

A total of 27 physicians from both medical
centers and general hospitals participated in the
study through their involvement in enrolling
and following patients throughout 2017 and
2018 (from the date of first patient in on 12
December 2017 to the date of last patient
completed/last patient out on 30 October
2018). The selection of patients was done
through consecutive recruitment by participat-
ing physicians. Each site was expected to enroll
5–25 consecutive patients that have been trea-
ted with Gla-300, according to the suit-
able sample size evaluation revealing that 350

patients have to be included in the study to
allow an appropriate country-level analysis.
This number of patients were finally included in
the study based on the following inclusion cri-
teria: signed patient informed consent, T2DM
diagnosis, age 18 years or older, Gla-300 therapy
lasting for more than 3 and less than 6 months,
and completed patient diary with specific
information on insulin dosage and hypo-
glycemic events recorded in the last 3 months as
per usual clinical practice; and exclusion crite-
ria: type 1 diabetes mellitus diagnosis, age below
18 years, start of insulin within 1 year after
diabetes diagnosis in patient under 40 years of
age, pregnancy or breast-feeding at inclusion,
treatment with any systemic corticosteroid, and
participation in some other study.

Ethics Approval

The study was approved by the Ethics Com-
mittees and Regulatory authority in Serbia, and
all procedures were in accordance with the
ethical standards of the 1964 Helsinki Declara-
tion and its later amendments or comparable
ethical standards. All the participants provided
written informed consent to include their
information in anonymous, aggregated analyses
for this study.

Data Collection and Measurements

Patients’ observation and data collection were
performed twice for each patient, at visit 1 (V1)
(inclusion visit), and at visit 2 (V2) (3–6 months
after inclusion visit, which represents the next
clinical visit in line with routine clinical prac-
tice). At V1 both retrospective (the day of Gla-
300 initiation) data on baseline values and
prospective (3–6 months after the Gla-300 ini-
tiation) data were collected. The retrospective
data included those collected from patient
medical charts at the time of the Gla-300 ther-
apy introduction encompassing anthropomet-
rical parameters, previous and current
antidiabetic therapy (including details of the
previous basal or premixed insulin therapy
regime), HbA1c and fasting plasma glucose
(FPG) (the most recent value available at the
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time prior to the Gla-300 initiation), fasting
self-measured blood glucose (SMBG) (last three
available values at the time prior to the Gla-300
initiation), physician reason to start Gla-300
(i.e., patient not reaching HbA1c target, repe-
ated documented hypoglycemia episodes, etc.),
Gla-300 insulin therapy (starting dose), indi-
vidual HbA1c target, recommendation for Gla-
300 titration algorithm (frequency, dose incre-
ments, and fasting SMBG), and history of sev-
ere, symptomatic, verified symptomatic, and
nocturnal hypoglycemia within the last 3
months prior to the Gla-300 initiation as doc-
umented in the patient diary. These data rep-
resent characteristics/values of patients defined
as baseline data. The prospective data included
dates of examination and signed inform con-
sent, age, gender, anthropometrical parameters,
medical history, history and evolution of dia-
betes, diabetes complications, concomitant
diseases, current antidiabetic therapy including
any modifications, current Gla-300 basal insulin
therapy, HbA1c, FPG, fasting, SMBG (last three
available values), occurrence of hypoglycemia
from time when Gla-300 was initiated, as well as
other adverse events (AE). At V2, anthropo-
metrical parameters, the current antidiabetic
therapy (including any modification of the
antidiabetic therapy), current Gla-300 basal
insulin therapy (if Gla-300 is discontinued
before or at V2, the reason for discontinuation
and most recent HbA1c value before discontin-
uation), HbA1c, FPG, fasting SMBG (last three
available values), an occurrence of hypo-
glycemia from the last visit, and other AE were
noted.

Statistical Analysis

All variables are presented as continuous data
(scale) or categorical (nominal and ordinal).
Levene’s test was used to assume the equality of
variances, while distribution of variables was
tested with Kolmogorov–Smirnoff test. Contin-
uous data are presented as mean values with
standard deviations, while categorical data are
presented with percentages. In the statistical
processing of data, paired sample Student’s
t test, Wilcoxon signed ranks test, and binary

logistic regression (enter model) were used. In
all tests, alpha level at 0.05 (p\0.05) was con-
sidered to be a statistically significant.

Objectives

The primary objective of this study was to assess
the change in HbA1c from first day of Gla-300
initiation to the end of the observational
period.

The secondary objectives included propor-
tion of patients with T2DM reaching HbA1c
goal\ 7.0%, individual HbA1c target set by
physician, and FPG in the range of 4.4–7.2
mmol/l; changes in fasting SMBG, body weight,
and Gla-300 dose, proportion of patients
requiring addition of prandial insulin, as well as
reasons for changing to Gla-300, and identifi-
cation of the most frequently used Gla-300
titration algorithm. Finally, occurrence of AE/
serious AE and hospitalizations due to conse-
quence of T2DM apart from hypoglycemia, and
incidence of the hypoglycemic events (any
symptomatic, severe, documented symp-
tomatic, and nocturnal) were also analyzed.

RESULTS

Among 350 enrolled patients with T2DM,
56.3% were female, and the mean age was
63.4 ± 8.4 years. The mean duration of diabetes
was 13.4 ± 7.4 years. A family history of T2DM
has been detected in 61.1% of patients.

The mean body weight (BW) at baseline was
87.1 ± 15.9 kg, while the mean waist circum-
ference (WC) was 103.0 ± 12.9 cm. The mean
body mass index (BMI) was 30.4 ± 5.7 kg/m2

with 47.7% of patients being classified as obese.
The mean duration of insulin therapy prior to
the Gla-300 initiation was 5.3 ± 3.9 years. The
majority of patients were treated with basal/
bolus or basal plus, basal only, or premixed only
therapy, while other insulin therapy regimes
were less frequent (Fig. 1a). At baseline, all
patients used oral antidiabetic drugs (OAD) for
the mean duration of 8.4 ± 6.3 years, with
metformin as the most frequently prescribed
OAD, following sulfonylurea preparations and
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other OAD (mainly sodium–glucose cotrans-
porter 2 (SGLT2) inhibitors) (Fig. 1b).

Diabetes complications were reported among
76.6% of patients at inclusion, with diabetic
neuropathy as the most frequent complication
(Fig. 2). Comorbidities in the form of hyper-
tension and dyslipidemia were present in 90.0%
of patients (hypertension in 81.4% and dys-
lipidemia in 76.6%).

As far as the primary endpoint of the study is
concerned, there was a significant reduction in
HbA1c level from baseline (HbA1c value at Gla-
300 initiation collected retrospectively from
patients’ medical charts) to HbA1c level at V2 as
well as at each visit in comparison to the pre-
vious one. Namely, HbA1c values were signifi-
cantly lower at V1 in comparison to baseline,

after a mean period of 4.5 ± 1.0 months, and at
V2 in comparison to V1 after the mean total
follow-up period of 8.6 ± 1.6 months (Fig. 3).
The binary logistic regression analysis accessing
an association of examined variables on reach-
ing a target HbA1c showed that various char-
acteristic of patients (age, BMI, duration of
T2DM, and comorbidities) did not significantly
influence attained HbA1c, although female sex
(p\ 0.05) and higher prandial total daily dose
at inclusion (p\0.01) were linked to a lower
likelihood of attaining HbA1c\7.0%.

Among the secondary objectives, the pro-
portion of patients reaching HbA1c goal\7.0%
(Fig. 4a) and individual HbA1c targets set by
physician (Fig. 4b) were significantly higher at
V2 in comparison to V1. Additionally, the

Fig. 1 Antidiabetic treatment at baseline. a Proportion of
patients using different insulin therapy regimes at baseline.
BO basal only, BB basal/bolus, B? basal plus, PM premix
only, PM? B premix plus basal, PM ? BL premix plus

bolus. b Proportion of patients using different oral
antidiabetic drugs at baseline. MET metformin, SU
sulfonylurea preparations

Fig. 2 Proportion of patients with different diabetic
complications at inclusion

Fig. 3 Mean glycated hemoglobin during the study.
HbA1c glycated hemoglobin; *p\ 0.01 vs. previous visit
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proportion of patients with FPG in the range of
4.4–7.2 mmol/l was significantly higher at V1 in
comparison to baseline, and at V2 in compar-
ison to V1 (Fig. 5). FPG decreased significantly

at each visit after the Gla-300 initiation, from
9.62 ± 3.43 mmol/l at baseline to 7.98 ± 2.44
mmol/l at V1, and to 7.53 ± 2.20 mmol/l at V2
(p\ 0.01 vs. each previous visit). Also, fasting
SMBG (three recorded values) significantly
decreased at each visit compared to the previous
one (p\0.01 vs. previous visit) (Fig. 6).

At the same time, BW was significantly lower
at V2 (86.64 ± 15.76 kg), but not at V1
(87.09 ± 15.87 kg) in comparison to baseline
(87.16 ± 15.98 kg) (p\ 0.05), in spite of the
significant increase in daily dose of Gla-300 at
each of the visits (baseline, 32.27 ± 14.48
U/day; V1, 35.98 ± 16.04 U/day; V2,
38.27 ± 16.82 U/day) (p\0.01 vs. previous
visit), and the increment in proportion of
patients requiring prandial insulin (before Gla-
300 initiation, 45.1%; at baseline, 58.0%; at V1,
60.2%; at V2, 62.2%; p\0.01 vs. before Gla-300
initiation). Out of the patients who received
premix insulins before initiation of Gla-300,
46% also had a prandial insulin initiated at the
same time as Gla-300 initiation (basal/bolus or
basal plus regime).

The main reasons for initiating Gla-300
therapy reported by treating physicians were
drug effectiveness (84%) and the expectation of
a lower risk of hypoglycemia (82%).

As far as Gla-300 titration algorithms are
concerned, the most frequently used was dose
increments by 2 U every 3–4 days (until target
FPG is reached) based on three consecutive
mornings’ SMBG measurements (76.3% at Gla-

Fig. 4 Proportion of patients reaching target value of glycated hemoglobin (HbA1c). a Responder rate for HbA1c\ 7.0%.
b Responder rate for individual HbA1c target. *p\ 0.01 vs. previous visit

Fig. 5 Proportion of patients reaching fasting plasma
glucose 4.4–7.2 mmol/l. *p\ 0.01 vs. previous visit

Fig. 6 Mean fasting self-measured blood glucose (SMBG)
during the study
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300 introduction, 67.7% at V1, and 61.4% at
V2), dose increments by 3 U or 6 U once weekly
(until target FPG is reached) based on three
consecutive mornings’ SMBG measurements
(20.3% at Gla-300 introduction, 18.3% at V1,
and 20.3% at V2), while other algorithms were
used among 3.4% at Gla-300 introduction, 3.4%
at V1, and 0.9% at V2. At V1, 10.6% patients did
not follow titration algorithms anymore, while
this proportion increased to 17.4% at V2. The
continual reduction in HbA1c became visible
after splitting patients according to different
titration algorithms, at any point during the
study. Patients that had continued titration at
V1 had a further significant reduction in HbA1c
level at V2 (8.66 ± 1.43% at Gla-300 introduc-
tion, 7.90 ± 1.14% at V1, and 7.44 ± 1.03% at
V2; p\ 0.01), compared to patients without
titration at V1, who had significant reduction
only at V1, without further decrease of HbA1c
level at V2 (8.31 ± 2.17% at Gla-300 introduc-
tion, 7.52 ± 1.06% at V1, and 7.50 ± 1.23% at
V2).

Comparing to the period within 3 months
prior to Gla-300 initiation there was a signifi-
cant reduction in the proportion of patients
experiencing hypoglycemic episodes and all
hypoglycemic events (p\0.01) (symptomatic,
86.3% vs. 29.1%; confirmed, 81.7% vs. 24.9%;
nocturnal, 45.4% vs. 8.0%; severe, 20.6% vs.
0.3%).

Eighteen patients experienced a total of 19
AEs during the study period. Headache occurred
in three patients, with the remaining 16 events
occurred only once. Sixteen of the events were
resolved, and the remaining two events were
stabilized and one was recovering. One event
was possibly related to the study drug. Seven
events were mild, eight were moderate, and four
were severe. Three events were serious and 16
were non-serious AEs. Overall, three patients
were hospitalized during the study period (one
due to hypoglycemia, one due to myocardial
infarction, and one due to acute cholecystitis).

DISCUSSION

Effectiveness and safety of Gla-300 in patients
with T2DM inadequately controlled with

different basal or premix insulin therapy
regimes were determined through the change in
HbA1c, proportion of patients reaching target
HbA1c, FPG, and occurrence of hypoglycemia
and adverse events from the first day of Gla-300
initiation to the end of the observational per-
iod. The enrolled patients had similar baseline
characteristics as described in the large EDI-
TION 2 trial [12]. In another study, enrolling
real-world patients with T2DM switching from
first- to second-generation basal insulin ana-
logues (DELIVER D? study), similar gender and
age distribution, proportion of patients with
comorbidities, and prevalence of obesity were
registered [13].

The clinical efficacy of Gla-300 in patients
with T2DM was shown in four phase III studies:
EDITION 1, EDITION 2, EDITION 3, and EDI-
TION JP 2 [12, 14–16]. In our conducted study,
switching to Gla-300 in patients previously
uncontrolled on different basal or premix
insulin regimes showed significant improve-
ment in quality of glucoregulation. In terms of
effectiveness, the reduction in HbA1c level,
proportion of patients reaching HbA1c\7.0%,
reduction in FPG, and fasting SMBG is similar to
the other large studies such as EDITION 2 [12],
DELIVER D? [13], and EDITION 1 [14].

Treatment with Gla-300 was associated with
a decreased risk of experiencing at least one
confirmed or severe nocturnal hypoglycemic
event. Gla-300 demonstrated lower risk of
hypoglycemia during the night and at any time
of day in EDITION 2 [12], and lower risk of
nocturnal hypoglycemia in EDITION 1 [14] in
comparison to Gla-100. The rate of AEs in this
study was low and comparable to safety data
from other Gla-300 trials [12, 14]. A meta-
analysis of safety data from the EDITION trials
revealed reductions in the rates of confirmed or
severe hypoglycemia with a 14% rate ratio dif-
ference of hypoglycemia at any time favoring
the Gla-300 formulation [17].

The daily dose of basal insulin increased
significantly in this study in line with the
results from EDITION 2 (0.64 ± 0.22 to
0.92 ± 0.31 U/kg/day) [12] and EDITION 1
(0.67 ± 0.29 to 0.97 ± 0.37 U/kg/day) [14].

The main limitation of this study is the
observational design and short follow-up
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period. In addition, since enrolled patients have
relatively long duration of disease and length of
prior insulin therapy, extrapolation of the study
conclusions to patients with T2DM with shorter
disease duration remains questionable. Finally,
the lack of patients using novel antidiabetic
medications does not allow the proper assess-
ment of the performance of Gla-300 in various
novel antidiabetic therapy algorithms.

CONCLUSIONS

This prospective, observational, single-arm,
multicenter, real-world study conducted in
Serbia, among patients with T2DM previously
uncontrolled on different basal or premixed
insulin therapy regimes, provides valuable
clinical insight into both the effectiveness and
safety of Gla-300 in a local real-life setting. The
introduction of Gla-300 significantly improved
glycemic control after a mean follow-up period
of 8.6 months regardless of applied basal insulin
titration algorithm, with active patient engage-
ment in the titration period being one of the
most important factors in the success of Gla-300
therapy initiation. Finally, the uptitration of its
dose did not increase the risk of hypoglycemia,
providing evidence that Gla-300 is easy to
titrate with a low risk of hypoglycemia and
other AE.
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