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ABSTRACT

Introduction: Following pivotal trials, real-
world evidence is important to assess the impact
of new drugs in everyday clinical practice. The
RESTORE-1 study aimed to compare effective-
ness and safety of the second-generation basal
insulins (2BI), i.e., insulin glargine 300 U/ml
(Gla-300) vs. degludec 100 U/ml (IDeg-100), in
type 1 diabetes (T1D).
Methods: Retrospective, non-inferiority, multi-
center study, based on electronic medical
records. All patients switching to Gla-300 or

IDeg-100 from first-generation basal insulins
(1BI) were 1:1 propensity score matched (PSM).
Changes during 6 months in HbA1c (primary
endpoint), fasting plasma glucose (FPG), body
weight, and insulin doses were assessed using
linear mixed models for repeated measures.
Incidence rates (IR) of hypoglycemic events
were assessed.
Results: Overall, 19 centers provided data on
585 patients in each PSM cohort. For both
groups, statistically significant reductions in
HbA1c from baseline to 6 months were docu-
mented: - 0.20%; (95% CI - 0.32; - 0.08) in
the Gla-300 group and - 0.14%; (95% CI
- 0.24; - 0.04) in the IDeg-100 group. The
non-inferiority of Gla-300 vs. IDeg-100 was
confirmed (non-inferiority margin of 0.30%;
upper 95% CI at 6 months, 0.09%). No statisti-
cally significant between-group differences
emerged in FPG and body weight. Dose changes
of basal and short-acting insulin were small in
both groups, but higher in the Gla-300 group
than in the Deg-100 group (p\0.006). Inci-
dence rates (IR) of hypoglycemia (blood glu-
cose B 70 mg/dl and \54 mg/dl) during the
6-month follow-up by treatment were slightly
lower in the Gla-300 group than in the Deg-100
group [IR ratios 0.82 (95% CI 0.55; 1.22) and
0.83; (95% CI 0.38; 1.83), respectively]. Hypo-
glycemic events (blood glucose\54 mg/dl)
decreased at 6 months in both groups (p = 0.01
for Gla-300 and p\0.001 for IDeg-100). There
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were no severe hypoglycemic events for Gla-300
and seven events for IDeg-100 (p = 0.02).
Conclusions: Switching from 1BI to 2BI in
adults with T1D was associated with similar
improvements in glycemic control and overall
significant decrease in hypoglycemia, with no
severe events with Gla-300. Effectiveness of
both insulins was limited by under-titration.

Keywords: Degludec 100 U/ml; Glargine
300 U/ml; Real-world evidence; Switch; Type 1
diabetes

Key Summary Points

Why carry out this study?

Glargine 300 U/ml (Gla-300) and degludec
100 U/ml (IDeg-100) are second-
generation basal insulins recently made
available; in pivotal studies they provided
similar efficacy and better safety in
comparison with first-generation basal
insulins

As a result of the increasing relevance of
real-world data to assess the impact of new
therapeutic options, the RESTORE-1 study
aimed to assess effectiveness and safety of
switching to Gla-300 or IDeg-100 from
first-generation basal insulins in adults
with type 1 diabetes

What was learned from the study?

Switching from first-generation basal
insulins to Gla-300 or IDeg-100 was
associated with similar improvements in
glycemic control, without weight gain

Only minor changes in insulin doses were
found, suggesting that effectiveness of
both basal insulins could be improved by
a more appropriate titration

Trends of lower risk of hypoglycemia with
Gla-300 vs. IDeg-100 emerged, deserving
consideration for future research

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.13302359.

INTRODUCTION

Despite the substantial advances in basal insulin
therapy and blood glucose monitoring over the
last 90 years, hypoglycemia remains the most
common complication of type 1 diabetes (T1D)
[1] and generates as much anxiety in patients as
the threat of advanced diabetes complications
[2]. Hypoglycemia represents the principal lim-
iting factor in achieving good glycemic control
[3]. Currently in Italy, where high quality dia-
betes care is provided by a large network of
diabetes clinics [4], optimal control (HbA1c
\7%) is reported only in one-quarter of men
and one-fifth of women with T1D, and the
percentage of subjects at target decreases with
increasing disease duration. Furthermore, more
than 80% of patients with T1D are treated with
multiple daily injections of insulin, with a
prevalent use of a basal-bolus regimen [5].

Recently, two second-generation basal insu-
lin analogues (2BI) have been made available,
providing similar or improved efficacy in com-
parison with first-generation basal insulins
(1BI), with a better safety profile due to
improved pharmacokinetic (PK) and pharma-
codynamic (PD) properties. Specifically, both
insulin glargine 300 U/ml (Gla-300), available
in Italy since January 2017, and insulin deglu-
dec 100 U/ml (IDeg-100), available in Italy since
2014, show a more stable PK and PD profile vs.
insulin glargine 100 U/ml (Gla-100), the most
frequently used 1BI [6–9]. However, two head-
to-head PK/PD insulin clamp comparisons
between these two 2BI in T1D showed con-
flicting results [10, 11].

For both 2BI, phase 3 randomized clinical
trials provided reassurance about a safe transi-
tion from 1BI. In the EDITION clinical program,
Gla-300 was proven to be non-inferior to Gla-
100 with respect to HbA1c reduction [12–15]. Of
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note, a significantly lower percentage of
patients with T1D or type 2 diabetes (T2D)
experienced confirmed and/or severe nocturnal
hypoglycemic events on Gla-300 compared to
Gla-100, particularly during the titration phase.
The BEGIN clinical program showed compara-
ble glycemic control with IDeg-100 vs. Gla-100
in the majority of trials [16–21], with lower rates
of nocturnal hypoglycemia during the mainte-
nance phase.

Head-to-head comparisons between Gla-300
vs. IDeg-100 in T2D have shown that these 2BI
provided similar glycemic control improve-
ments with relatively low hypoglycemia risk.
Hypoglycemia incidence and rates were com-
parable with both insulins during the full study
period but lower with Gla-300 during the titra-
tion period [22].

It is recognized that following pivotal trials,
real-world evidence (RWE) is particularly
important to assess the use and the impact of
new drugs in everyday clinical practice. In this
respect, retrospective review of electronic med-
ical records (EMRs) represents a new frontier in
epidemiological and clinical research [23],
offering the potential for low-cost, high-volume
data on clinical effectiveness and safety.

RWE comparative data relating to the switch
from 1BI to 2BI are available for T2D, all con-
sistently documenting comparable improve-
ments in glycemia and reduced risk of
hypoglycemia without major differences
between Gla-300 and IDeg-100 [24–26].

No comparison between these 2BI is avail-
able in mid- or long-term clinical studies in
T1D, neither in experimental nor in real-life
conditions. Thus, additional comparative clini-
cal evidence is needed in patients switching
from 1BI to 2BI, especially in T1D. Further
information about the use of basal insulin and
patient profiles relating to the switch would be
useful to improve real-world effectiveness and
appropriateness of use of these new therapeutic
options.

Given these premises, the main aim of the
REtrospective analysiS on pre-existing daTa On
glaRgine-300 U/ml in typE 1 patients
(RESTORE-1) study was to investigate the effec-
tiveness and safety outcomes of patients
switching to Gla-300 from 1BI compared to

patients switching to IDeg-100 under real-life
conditions.

METHODS

The RESTORE-1 study was a retrospective,
comparative, cohort, multicenter study, based
on data anonymously extracted from EMRs. The
study involved a network of diabetes centers
located in different areas of Italy. MyStar Con-
nect/Smart Digital ClinicTM (METEDA SRL, San
Benedetto del Tronto, Italy) represented the
EMR adopted in all participating centers. Both
centers and patients were anonymous, and data
were extracted and transferred via a standard-
ized and validated secure procedure.

The following inclusion criteria were
applied: male or female, aged 18 years or more,
diagnosis of T1D, switching to either Gla-300 or
IDeg-100 from 1BI (i.e., glargine-100, detemir,
or NPH) prescribed for at least 6 months before
switching, availability of clinical data in EMR
for at least 6 months prior to (baseline) and
6 months after (follow-up) the switch date (i.e.,
baseline, T0), glycated hemoglobin A1c (HbA1c)
levels measured less than 6 months before and
more than 90 days after the index date, without
any change in basal insulin prescription during
the follow-up. Exclusion criteria were prescrip-
tion of another basal insulin analogue after
initiating Gla-300 or IDeg-100 and available
follow-up shorter than 3 months.

The following characteristics were consid-
ered to describe the baseline patient profile: age,
gender, diabetes duration, HbA1c, fasting
plasma glucose (FPG), weight, BMI, lipid profile,
blood pressure, renal function (albuminuria and
estimated glomerular filtration rate), and glu-
cose-lowering, antihypertensive, and lipid-low-
ering therapies (available in EMRs as ATC
codes).

Main endpoints were the changes at
3 months (T3) and 6 months (T6) in HbA1c
(primary endpoint), insulin doses, FPG, and
body weight, proportion of patients with
HbA1c\ 7% and \ 8% at each study visit in
the two cohorts, hypoglycemic events (blood
glucose [BG] B 70 mg/dl [B 3.9 mmol/l] or
\54 mg/dl [\3.0 mmol/l]) during 6 months
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[27]; severe hypoglycemic events during
6 months. Percentages of patients with at least
one hypoglycemic event of BG B 70 and
\54 mg/dl during 3 months before T0, T3, and
T6, as well as incidence rates of BG B 70 and
\54 mg/dl were evaluated in the subsample of
the safety population having self-monitoring of
blood glucose (SMBG) data downloaded in
EMRs.

Changes in HbA1c at 6 months from the
switch represented the primary endpoint.

Furthermore, diabetologists in each site filled
in a specific questionnaire on the main reasons
for switching patients from 1BI to 2BI. Specifi-
cally, for each cohort analyzed and for each site,
the physician’s main reasons (i.e., better con-
trol; better adherence; preferred dosing; hypo-
glycemia concern; efficacy, etc.) for the switch
to Gla-300 or IDeg-100 from other basal insulin
were collected. The questionnaire addressed the
general attitude of the diabetologists, and did
not investigate the specific reason for the switch
in each individual patient.

All procedures followed were in accordance
with the ethical standards of the responsible
committee on human experimentation (insti-
tutional and national) and with the Helsinki
Declaration of 1975, as revised in 2008 [5]. The
study protocol was approved by all local ethics
committees of the participating centers.
Informed consent was obtained from all
patients for being included in the study.

Statistical Analysis

Sample size estimation was based on the fol-
lowing assumptions. From EMRs review, it was
estimated that on average there were about 300
patients with T1D requiring multiple daily
injections therapy per year per site, of whom
about 45% were switching to 2BI (of whom at
least 30% to Gla-300 and 60% to IDeg-100);
therefore, the estimated number of patients was
1350 for those switching to Gla-300 (cohort 1)
and 2025 patients for those switching to IDeg-
100 (cohort 2).

To allow an unbiased comparison between
patients switching from other basal insulin to
Gla-300 and those switching to IDeg-100, a

propensity score matching (PSM) algorithm was
applied on a 1:1 basis. Group sample sizes of 201
and 201 achieve 85% power to detect non-in-
feriority in HbA1c changes after 6 months using
a one-sided, two-sample t test. The margin of
non-inferiority was 0.3. The true difference
between the means was assumed to be 0.0.
Baseline standard deviation of HbA1c was
assumed to be 1.0. The significance level (alpha)
of the test was 0.025.

For PSM, a logistic regression model includ-
ing age, sex, diabetes duration, and previous
basal insulin type and dose as covariates was
used to predict the probability to receive Gla-
300. A 5:1 greedy matching algorithm was used
to identify a unique matched control for each
Gla-300 patient according to the propensity
score. Adequacy of balance for the covariates in
the matched sample was assessed via standard-
ized mean differences between the two groups,
considering differences less than 10% as good
balance.

Patients’ characteristics according to the
type of switch were compared using the
unpaired t test or the Mann–Whitney U test in
case of continuous variables and the chi-square
test or the Fisher exact test for categorical vari-
ables, as appropriate.

Changes in HbA1c, FPG, and body weight
were assessed using mixed models for repeated
measurements. Results are expressed as esti-
mated mean or estimated mean difference from
T0 and 95% confidence interval (95% CI).
Paired and unpaired t tests derived from linear
mixed models for repeated measurements were
applied for within-group and between-group
comparisons, respectively.

As categorical secondary outcomes, the pro-
portions of patients with HbA1c\7.0%
[53 mmol/mol] and \8.0% [64 mmol/mol] at
each visit were evaluated. Both within-group
(McNemar test for change vs. baseline) and
between-group (chi-square test) statistical com-
parisons were performed.

Incidence rates for hypoglycemic events
were calculated and expressed as numbers of
events per patient-month with their 95% CI.
The proportions of patients experiencing at
least one hypoglycemic event were compared
within groups using the McNemar test and
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between groups using the chi-square test. Inci-
dence of hypoglycemic events was compared
within and between groups using Poisson
regression models with correction for
overdispersion.

The intention-to-treat (ITT) population
included all patients in the EMR meeting the
eligibility criteria. Baseline patient characteris-
tics were assessed in the ITT population.

Primary analysis of the changes in HbA1c,
FPG, body weight, and insulin doses was asses-
sed in the ITT population after PSM (PS
matched–ITT population).

The per protocol (PP) population included
those patients from the PSM-ITT population
with HbA1c values available at baseline and at
6 months (PSM-PP population). The PP analysis
represented a secondary analysis.

For the evaluation of severe hypoglycemia,
the safety population was represented by all PS
matched patients (data derived from EMRs). For
the evaluation of glycemic values B 70 mg/dl
and \54 mg/dl the subsample of the safety
population having at least one SMBG value
available was considered.

RESULTS

Study Population

Overall, 19 centers were involved, and provided
the data relating to 2919 patients switching to
Gla-300 or IDeg-100 from 1BI in the period
between January 2017 and August 2019. Fig-
ure 1 shows the study flowchart.

Before PSM, compared to patients switching
to IDeg-100, patients initiating Gla-300 were
younger (44.0 ± 16.4 vs. 46.4 ± 16.0 years,
p = 0.001), had a shorter diabetes duration
(18.1 ± 13.8 vs. 20.8 ± 15.6 years, p\ 0.0001)
and lower HbA1c levels (7.9 ± 1.2 vs.
8.1 ± 1.3%, p = 0.0009); they more frequently
switched from Gla-100 (95.0% vs. 82.8%).
Gender distribution (men 52.6% vs. 51.1%) and
mean total daily insulin doses at baseline
(45.3 ± 19.7 vs. 44.4 ± 18.8 U) were similar
between groups (Table 1).

After PSM, each cohort was composed of 585
patients and the two groups were balanced for

all the characteristics, except total cholesterol
and albuminuria, although in clinical terms the
differences documented were irrelevant
(Tables 1, 2).

The mean duration of follow-up of patients
on Gla-300 was shorter than that of the IDeg-
100 group (4.7 ± 2.7 vs. 5.2 ± 2.5 months;
p\0.0001). The availability of patient data at
each follow-up visit is reported in Table S1.

HbA1c

Results of longitudinal models are reported in
Table 3 (within-group comparisons) and Table 4
(between-group comparisons).

For Gla-300 group, statistically significant
reductions in HbA1c levels from baseline to
3 months (- 0.12%) and 6 months (- 0.20%)
were documented. Similarly, for the IDeg-100
group, statistically significant reductions in
HbA1c levels from baseline to 3 months
(- 0.14%) and 6 months (- 0.14%) were found.
No statistically significant between-group dif-
ferences were found at 3 months (0.05%) and at
6 months (- 0.04%) (Fig. 2; Tables 3, 4). The
non-inferiority of Gla-300 vs. IDeg-100 was
confirmed (margin of non-inferiority of 0.30%;
actual upper 95% CI at 6 months, 0.09%).

In both groups, about 20% of patients
reached HbA1c\ 7%, without relevant changes
during 6 months. In the Gla-300 group, the
proportion of patients achieving HbA1c\8.0%
varied from 58.0% at T0, to 62.4% at T3
(p = 0.05), and to 61.3% at T6 (p = 0.25), while
in the IDeg-100 group, the proportions varied
from 54.5% at T0, to 61.9% at T3 (p = 0.00001),
and to 64.4% at T6 (p = 0.001). Between-group
comparison at T6 was not statistically signifi-
cant (p = 0.47).

FPG, Body Weight, and Insulin Dose

No statistically significant changes of FPG from
baseline to 3 and 6 months were documented in
the Gla-300 group, while statistically significant
reductions of - 15.39 mg/dl at T3 and
- 16.84 mg/dl at T6 were documented in the
IDeg-100 group. Between-group estimated
mean difference (Gla-300 vs. IDeg-100) was
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statistically significant at T3 (20.41 mg/dl;
p = 0.004) but not at T6 (8.28 mg/dl; p = 0.34).
At T6, in both groups estimated mean levels of
FPG were higher than recommended values:
165.3 mg/dl in the Gla-300 group vs. 151.4 mg/
dl in the IDeg-100 group (Tables 3, 4).

A slight, not statistically significant increase
in body weight from baseline to 6 months was
found in both groups, without statistically sig-
nificant between-group difference.

As for insulin doses, small changes in both
basal and short-insulin doses emerged in both
groups (Table 3). Specifically, for basal insulin
doses, at T6, the Gla-300 group was treated with

22.6 U/day and the change from baseline was of
1.58 U/day, corresponding to 0.32 U/kg (change
from baseline 0.02 U/kg). In the IDeg-100 group
basal insulin dose at T6 was 21.2 U/day and the
change from baseline was of 0.70 U/day, corre-
sponding to 0.30 U/kg (change from baseline
0.01 U/kg). Between-group differences (Gla-300
vs. IDeg-100) at T6 were 0.87 U (p\ 0.006) for
total daily basal insulin dose and 0.01 U
(p\ 0.003) for per kg basal insulin dose
(Tables 3, 4).

As for short-acting insulin doses, a change
from baseline of 0.01 U (p = 0.38) was

Fig. 1 Study flowchart. ITT population: All patients
identified by the extraction software and meeting eligibility
criteria. PSM-ITT population: ITT population after PSM
used for the primary analysis. PSM-PP population: All

patients from the PSM-ITT population with HbA1c value
available at baseline and at 6 months used for secondary
analysis
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documented in the Gla-300 group and - 1.81 U
(p\ 0.0001) in the IDeg-100 group.

Hypoglycemia

SMBG data downloaded in EMRs were available
for 32.1% patients in the Gla-300 group and
26.0% patients in the IDeg-100 group. The

balance of baseline characteristics between
these subgroups was maintained (except mar-
ginal differences in systolic blood pressure and
albuminuria) (Table S2). Large and comparable
numbers of SMBG tests were available in the
two groups at each study visit (Table 5).

Proportions of patients with at least one
hypoglycemic event of BG B 70 and\54 mg/dl

Table 1 Variables used in PS matching: pre- and post-matching baseline patients’ characteristics

Variable Category Gla-300 IDeg-100 p value Standardized difference

Pre-matching (ITT population)

No. in group 585 1806

Age (years) 44.0 ± 16.4 46.4 ± 16.0 0.001 - 14.92

Gender (%) Female 47.3 48. 9 0.52 - 3.09

Male 52.6 51.1

Diabetes duration (years) 18.1 ± 13.8 20.8 ± 15.6 < 0.0001 - 18.44

HbA1c (%) 7.9 ± 1.2 8.1 ± 1.3 0.0009 - 14.70

Total daily insulin dose (U) 45.3 ± 19.7 44.4 ± 18.8 0.22 4.61

Previous basal insulin (%) Detemir 4.8 15.7 < 0.0001 36.51

Glargine 100 95.0 82.8 < 0.0001 - 39.68

NPH 0.2 1.5 0.001 14.61

Post-matching (PSM-ITT population)

No. in group 585 585

Age (years) 43.9 ± 16.4 44.7 ± 16.0 0.38 - 4.81

Gender (%) Female 47.3 48.0 0.81 - 1.37

Male 52.6 52.0

Diabetes duration (years) 18.1 ± 13.8 18.8 ± 13.7 0.24 - 4.96

HbA1c (%) 7.9 ± 1.2 7.9 ± 1.2 0.44 - 1.11

Total daily insulin dose (U) 45.3 ± 19.7 45.5 ± 20.3 0.65 - 1.18

Previous basal insulin (%) Detemir 4.8 4.3 0.67 - 2.47

Glargine 100 95.0 95.6 0.68 2.42

NPH 0.2 0.2 1.00 0

Statistically significant p values (p\ 0.05) are in bold. A standardized mean difference less than 10 (absolute values)
indicates a good balance between groups
Data are means and standard deviations or frequencies and proportions. p values derived from unpaired t test or the
Mann–Whitney U test in case of continuous variables and the chi-square test or Fisher exact test for categorical variables, as
appropriate.
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and related within- and between-group com-
parisons are shown in Fig. S1. Statistically sig-
nificant between-group differences in favor of
Gla-300 vs. IDeg-100 were documented in the
proportions of patients with at least one episode
of BG B 70 mg/dl at T6 and BG\54 mg/dl at
all study visits.

Incidence rate of hypoglycemic events
(BG B 70 mg/dl and \54 mg/dl) during the
6-month follow-up by treatment was slightly
lower in the Gla-300 group than in the Deg-100
group, without reaching statistical significance
(Table 5, top). Incidence rates of hypoglycemic
events (BG B 70 mg/dl and \54 mg/dl) by

Table 2 Other baseline patients’ characteristics: PSM-ITT population

Variable Category Gla-300 IDeg-100 p value

No. in group 585 585

Weight (kg) 71.6 ± 15.1 70.5 ± 14.9 0.21

BMI (kg/m2) 25.1 ± 4.4 24.6 ± 4.1 0.07

HbA1c (mmol/l) 62.5 ± 13.7 62.4 ± 12.8 0.67

Fasting blood glucose (mg/dl) 173.6 ± 84.8 168.2 ± 70.9 0.72

Systolic blood pressure (mmHg) 125.6 ± 17.9 126.2 ± 17.1 0.98

Diastolic blood pressure (mmHg) 74.0 ± 10.5 74.1 ± 9.5 0.95

Total cholesterol (mg/dl) 179.0 ± 36.5 182.6 ± 33.9 0.03

LDL-cholesterol (mg/dl) 102.1 ± 30.3 102.7 ± 30.1 0.54

HDL-cholesterol (mg/dl) 59.7 ± 15.2 61.1 ± 16.6 0.29

Triglycerides (mg/dl) 87.6 ± 61.0 90.4 ± 58.2 0.93

eGFR (MDRD, ml/min*1.73 m2) 100.6 ± 26.8 97.7 ± 26.3 0.40

eGFR\ 60 ml/min*1.73 m2 (%) 6.2 5.8 1.00

Albuminuria (mg/l) 19.2 ± 56.9 13.9 ± 28.9 0.01

Microalbuminuria (%) 41.2 36.1 0.07

Insulin treatment

Daily basal insulin dose (U) 21.0 ± 10.2 20.5 ± 9.3 0.42

Total daily short-acting insulin dose (U) 24.3 ± 12.4 25.1 ± 14.0 0.74

Number of short-acting insulin administrations/day (%) 1 2.4 4.4 0.11

2 9.7 8.4

3 80.9 82.1

C 4 7.0 5.1

Concomitant therapies (%) Antihypertensive 10.6 9.9 0.70

Statins 26.3 26.0 0.89

Statistically significant p values (p\ 0.05) are in bold
Data are means and standard deviations or frequencies and proportions. p values derived from unpaired t test or the
Mann–Whitney U test in case of continuous variables and the chi-square test or Fisher exact test for categorical variables, as
appropriate.
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treatment and study visit are shown in Table 5
(bottom). Hypoglycemic events (BG B 70 mg/
dl) significantly decreased by 6 months in the

Gla-300 group vs. baseline, while they were
unchanged in the IDeg-100 group (Table 5). In
terms of between-group comparisons, a 24%

Table 4 Comparison of between-group estimated mean changes in continuous endpoints levels (between-group differences
at T3 vs. T0 and at T6 vs. T0) in the PSM-ITT population

Model T3 vs. T0 T6 vs. T0

Between-group difference
(estimated mean and 95% CI)

Between-
group
p value

Between-group difference
(estimated mean and 95% CI)

Between-
group
p value

HbA1c (%) 0.02 (- 0.08; 0.12) 0.64 - 0.06 (- 0.21; 0.09) 0.44

FPG (mg/dl) 20.41 (6.59; 34.23) 0.004 8.28 (- 8.77; 25.33) 0.34

Body weight (kg) 0.03 (- 0.36; 0.42) 0.90 - 0.09 (- 0.70; 0.52) 0.76

Total daily insulin dose

(U)

1.56 (0.53; 2.59) 0.003 3.43 (1.78; 5.08) < 0.0001

Total daily insulin dose

(U/kg)

0.02 (0.01; 0.03) 0.001 0.05 (0.03; 0.07) 0.0002

Daily basal insulin dose

(U)

0.36 (- 0.06; 0.78) 0.10 0.87 (0.25; 1.49) 0.006

Daily basal insulin dose

(U/kg)

0.01 (0.00; 0.02) 0.02 0.01 (0.00; 0.02) 0.003

Total daily short-acting

insulin dose (U)

1.18 (0.37; 1.99) 0.004 2.47 (1.10; 3.84) 0.0004

Total daily short-acting

insullin dose (U/kg)

0.02 (0.01; 0.03) 0.004 0.03 (0.01; 0.05) 0.001

Statistically significant p values (p\0.05) are in bold
Unpaired t test derived from linear mixed models for repeated measurements

7.88

7.76

7.68

7.89

7.75 7.76

7.5

7.6

7.7

7.8

7.9

8.0

T0 T3 T6

HbA1c (%)

Gla-300 Deg-100

Fig. 2 Changes in HbA1c estimated mean levels during the follow-up by cohort (PSM-ITT population)
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lower likelihood to experience a hypoglycemic
event of BG B 70 mg/dl (IRR 0.76, 95% CI
0.60–0.96) was found in the Gla-300 group vs.
the IDeg-100 group at T6.

Hypoglycemic events (BG\54 mg/dl)
decreased at 6 months in both groups (p = 0.01
for Gla-300 and p\ 0.001 for IDeg-100). Fur-
thermore, at T0 a statistically significant 30%
lower likelihood to experience an event of
BG\54 mg/dl in the Gla-300 group vs. the
IDeg-100 group was found (IRR 0.70, 95% CI
0.49–1.00), while no between-group differences
in the risk of hypoglycemia emerged at T3 and
T6 (Table 5, bottom).

As a result of the statistically significant
lower risk of hypoglycemic event at T0 in Gla-
300 vs. IDeg-100, a post hoc analysis was per-
formed, using the frequency of BG\54 mg/dl
events in the 3 months before the switch as an
additional PSM variable.

After the post hoc PSM (Table S3), all IRRs
suggested a lower rate of hypoglycemia in the
Gla-300 group vs. Deg-100 group, although
statistical significance was never reached, likely
because of the small sample size (Table S4).

There were zero and seven severe hypo-
glycemic events for the Gla-300 group and
IDeg-100 group, respectively (p = 0.02), during
the follow-up registered in EMRs in the safety
population.

PSM-PP Population

The same analyses on all endpoints were repe-
ated on the PSM-PP population, largely con-
firming the results obtained in the ITT
population (Appendix 1 in the supplementary
material).

Site Questionnaire

Overall, 18 site questionnaires were collected
and 16 were suitable for statistical analysis.
Hypoglycemia concern, less variability, and
better control represented the first three reasons
for switching to Gla-300. Flexibility of admin-
istration, hypoglycemia concern, and less vari-
ability represented the first three reasons for
switching to IDeg-100 (Fig. S2).

DISCUSSION

This study adds important insights into the
impact of switching to Gla-300 or IDeg-100
from 1BI in patients with T1D.

In the PS matched–ITT population, the
reduction in HbA1c levels from baseline to
6 months was statistically significant, but of
marginal clinical relevance both in the Gla-300
and IDeg-100 groups. Furthermore, a large pro-
portion of patients maintained HbA1c levels[
8% and[7% after 6 months, despite the slight
reduction of mean HbA1c levels. This finding
suggests a persistent fear of intensifying the
basal insulin therapy, given that the starting
HbA1c levels were not particularly elevated.
This is also documented by the main reason
reported for the switch in these patients that
was to avoid hypoglycemic events, which also is
the main barrier to proper insulin titration.

The need for further therapy intensification
is also underlined by the moderate reduction in
FPG levels, which remained well above the FPG
target recommended by the American Diabetes
Association (ADA)/European Association for the
Study of Diabetes (EASD) guidelines and the
Italian standards of care (80–130 mg/dl)
[28, 29]. Basal insulin doses were only slightly
increased, with a higher increase in the Gla-300
group which was in line with evidence from
randomized clinical trials and summary of pro-
duct characteristics [22, 30]. This slight dose
titration was not associated with an increase in
body weight, which is one of the critical aspects
in insulin therapy [31, 32].

Another interesting aspect is the different
use of the short-acting insulin: there was no
dose modification in the Gla-300 group, while a
significant reduction in the IDeg-100 group was
documented. This is consistent with other
reports in basal-bolus patients treated with
IDeg-100 in T1D [33].

Despite the improved PK/PD profile of 2BI
and lower risk of hypoglycemia, therapeutic
inertia [34, 35] still remains a barrier towards
full attainment of glycemic control. It should be
considered that Gla-300 was introduced into
the market in January 2017. Therefore, its sub-
optimal titration could be at least partially
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attributable to the lack of familiarity with the
new insulin. Despite these problems, the switch
to Gla-300 was as effective, and probably safer,
as compared to IDeg-100, which was available
in Italy since 2015.

The recent OneCARE real-world retrospec-
tive study based on the use of continuous glu-
cose monitoring (CGM) in adults with T1D has
shown that the effectiveness of Gla-300, when
looking at the full day time in range (TIR)
70–180 mg/dl, was similar to that of IDeg-100.
These results reflect those found in adults with
T2D [22]. However, TIR results (70–140 and
70–180 mg/dl) favored Gla-300 in the night-
time, as did TIR[180 mg/dl [36].

As for safety the reduction in the proportions
of patients with at least one hypoglycemic
event and in the incidence rates of hypo-
glycemia (BG B 70 mg/dl and\54 mg/dl) dur-
ing 6 months in both groups documents that
the switch from 1BI to a 2BI is safe. A recent
meta-analysis in T1D demonstrated similar
glycemic control with lower risk of severe
hypoglycemia of Gla-300 versus Gla-100, par-
ticularly during the titration period [37].

However, data showed a higher risk of
hypoglycemia at baseline in patients switching
to IDeg-100. Since IDeg-100 was available in
Italy since 2015, it is plausible that patients
showing a high risk of hypoglycemia had
already been switched to a 2BI before Gla-300
was made available. The post hoc analysis,
including the baseline risk of hypoglycemia as
an additional PSM variable, confirmed the
results of the primary analysis suggesting
potential benefits of Gla-300 vs. IDeg-100 on
hypoglycemic risk, although further studies
possibly supported by CGM could better clarify
this emerging picture. In this regard, the One-
CARE study did not show a statistically signifi-
cant difference between groups in time spent in
hypoglycemic ranges (both\70 and \ 54 mg/
dl); however, prospective, randomized studies
are warranted in this setting [36, 38].

The number of severe hypoglycemic events
(seven in the IDeg-100 group vs. none in the
Gla-300 group) also suggest a benefit of Gla-300
vs. IDeg-100 on the risk of hypoglycemia.
However, it has to be taken into account that

the safety population was not PS-matched for
the baseline hypoglycemic risk.

Finally, from a methodological standpoint,
this study confirms the importance of the sec-
ondary use of pre-existing data for clinical
research purposes. In this respect, the Italian
network of diabetes centers adopting the same
EMRs system represents a unique opportunity
to conduct large, real-world effectiveness
studies.

The study has strengths and limitations.
Among the strengths, this is the first RWE
comparative study available on the mid-term
effectiveness and safety of 2BI in T1D. Further-
more, results are reasonably generalizable owing
to the large sample of patients with T1D rou-
tinely cared for by centers located in different
areas of Italy.

The main limitation of this retrospective
analysis was the lack of information on SMBG
tests for a large proportion of patients, although
the performed analysis is robust owing to the
large number of SMBG tests analyzed. The
downloading of SMBG values from glucose
meters into EMRs was not a common practice in
participating centers, suggesting the need to
promote the systematic revision of SMBG data
through EMRs. Impact on hypoglycemia, both
in the short and medium to long term after the
switch from previous basal insulins, potentially
represents the main clinical benefit of Gla-300
in clinical practice, particularly in this type of
patient. Baseline risk of hypoglycemia was not
included in the primary analysis to avoid a
substantial reduction in the sample size; how-
ever, the post hoc analysis addressing the
between-group different baseline risk of hypo-
glycemia largely confirmed overall results. In
addition, between-group comparison is also
limited by the substantial under-titration of
both basal and short-acting insulin, precluding
the possibility of a head-to-head comparison
between the two basal insulins when optimally
used. However, data reflect real life, and clinical
inertia is a crucial aspect deserving further
consideration. Finally, recent ADA guidelines
[39] have modified the threshold of hypo-
glycemia to BG\70 mg/ml, while it was BG
B 70 mg/dl when the study was designed.
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However, changing the definition did not
impact on overall results.

CONCLUSION

In this first comparative real-world study with
PS matched cohorts of adult patients with T1D,
switching from a first-generation basal insulin
to Gla-300 or IDeg-100 was associated with
similar improvements in glycemic control and
overall significant decrease in hypoglycemia,
with no severe hypoglycemic events with Gla-
300. Trends of lower risk of hypoglycemia with
Gla-300 vs. IDeg-100 were found, deserving
consideration for future research.
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