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Abstract
Aims Glargine 300 U/mL (Gla-300) has been recently approved for use in children and adolescents with type 1 diabetes 
(T1D). However, real-world effectiveness data are scarce, and aim of this analysis was to assess clinical outcomes in young 
patients with T1D switching from 1st generation basal insulin (1BI) to Gla-300.
Methods ISPED CARD is a retrospective, multicenter study, based on data anonymously extracted from Electronic Medical 
Records. The study involved a network of 20 pediatric diabetes centers. Data on all patients aged < 18 years with T1D switch-
ing from 1BI to Gla-300 were analyzed to assess clinical characteristics at the switch and changes after 6 and 12 months in 
glycated hemoglobin (HbA1c), fasting blood glucose (FBG), and standardized body mass index (BMI/SDS). Titration of 
basal and short-acting insulin doses was also evaluated.
Results Overall, 200 patients were identified. The mean age at the switch to Gla-300 was 13 years, and mean duration of 
diabetes was 3.9 years. Average HbA1c levels at switch were 8.8%. After 6 months, HbA1c levels decreased by − 0.88% 
(95% CI − 1.28; − 0.48; p < 0.0001). The benefit was maintained after 12 months from the switch (mean reduction of HbA1c 
levels − 0.80%, 95% CI − 1.25; − 0.35, p = 0.0006). Trends of reduction in FBG levels were also evidenced both at 6 months 
and 12 months. No significant changes in short-acting and basal insulin doses were documented.
Conclusions The study provides the first real-world evidence of the effectiveness of Gla-300 in children and adolescents 
with T1D previously treated with 1BI. The benefits in terms of HbA1c levels reduction were substantial, and sustained after 
12 months. Additional benefits can be expected by improving the titration of insulin doses.

Keywords Type 1 diabetes · Pediatric diabetes · Glargine 300 U/mL · Real-world evidence

Abbreviations
95% CI  95% Confidence interval
ATC   Anatomical therapeutic chemical codes
1BI  First generation basal insulin
2BI  Second-generation basal insulins
BI  Basal insulin

BMI  Body mass index
BMI/SDS  Standardized BMI
CSII  Continuous subcutaneous insulin infusion 

(Insulin Pump)
CGM  Continuous glucose monitoring
Deg-100  Degludec 100 U/mL
EMR  Electronic medical records

Managed By Massimo Federici.

 * Maria Chiara Rossi 
 rossi@coresearch.it

1 CORESEARCH – Center for Outcomes Research 
and Clinical Epidemiology, Pescara, Italy

2 Pediatric Diabetology Unit, Department of Pediatrics, 
Diabetes Research Institute, IRCCS Ospedale San Raffaele, 
Milan, Italy

3 Medical Affairs, Sanofi S.R.L., Milan, Italy

4 Department of Human Pathology in Adult 
and Developmental Age “Gaetano Barresi”, University 
of Messina, Messina, Italy

5 Meteda Srl, San Benedetto del Tronto, AP, Italy
6 Department of Pediatric, IRCCS AOU Bologna, Bologna, 

Italy
7 Division of Pediatrics, Department of Health Sciences, 

Università del Piemonte Orientale, Novara, Italy

http://crossmark.crossref.org/dialog/?doi=10.1007/s00592-024-02304-2&domain=pdf
http://orcid.org/0000-0001-8696-4238


1170 Acta Diabetologica (2024) 61:1169–1176

FBG  Fasting blood glucose
Gla-300  Glargine 300 U/mL
GP  General practitioner
HbA1c  Glycated hemoglobin
ISPED CARD  Italian society of paediatric endocrinol-

ogy diabetology continuous clinical 
monitoring of diabetes

LDL  Low-density lipoproteins
MDI  Multiple daily injections of insulin
NPH  Neutral protamine hagedorn insulin
OR  Odds Ratio
PDOC  Pediatric diabetes outpatient clinics
RWE  Real-world evidence
SIEDP  Italian society of pediatric endocrinology 

and diabetology
T1D  Type 1 diabetes
T2D  Type 2 diabetes
T0  Baseline
T6  Follow-up at 6 months
T12  Follow-up at 12 months
QoL  Quality of life

Introduction

In the treatment of children and adolescents with type 1 
diabetes (T1D), the achievement and maintenance of good 
glycemic control play a key role in delaying or reducing the 
risk of acute complications and microvascular and macro-
vascular complications [1]. As the gold standard of therapy, 
the International Society for Pediatric and Adolescent Dia-
betes (ISPAD) recommends intensive insulin treatment set 
from the very onset of diabetes [2].

T1D patients require multiple daily insulin injections (≥ 4 
under the basal-bolus regimen) or continuous subcutaneous 
insulin infusion (CSII), frequent or continuous checking of 
blood glucose levels associated with control of dietary regi-
men and carbohydrate intake, increased physical activity, 
and the acquisition of skills needed for the self-management 
of the disease and the use of technological devices [3]. All 
these factors may have a significant impact on young patients 
and their families. In fact, they often experience a significant 
level of anxiety which impairs their quality of life (QoL) [4, 
5] and results in suboptimal diabetes and glucose control [6, 
7]. Real-world data show that only 30% of children are able 
to reach the international glycemic targets [8].

New formulations of basal insulins (BIs) have the 
potential to improve the care of T1D. Two recent BIs have 
been developed in the latest years: degludec 100 U/mL 
(Deg-100) and glargine 300 U/mL (Gla-300). Pharma-
cokinetic (PK) and pharmacodynamic (PD) studies [9–11] 
and randomized clinical trials on adult [12] and pediat-
ric [13, 14] T1D populations supported the evidence of 

advantages of both second-generation basal insulins (2BIs) 
related to their physiological profile, greater dosing flex-
ibility, and better safety than first generation basal insulin 
(1BI). These features are considered an opportunity to 
support the achievement of optimal glycemic control and 
the reduction of acute and chronic complications, while 
improving the QoL of T1D populations [15].

In Italy, Deg-100 was approved in 2015 for T1D 
and T2D adults and in February 2017 in T1D patients 
aged ≥ 1 year, while glargine 300 U/mL (Gla-300) was 
approved in 2017 for T1D and T2D adults and in Decem-
ber 2020 for T1D patients aged ≥ 6 years.

Real-world evidence (RWE) is a relevant complement 
to randomized clinical trials [16] and may offer an over-
view of the impact of use of 2BIs when used in routine 
clinical practice.

While several studies have investigated the effective-
ness and safety of switching from 1 to 2BI in adult T1D 
and T2D patients, information on children and adolescents 
with T1D is scant, particularly regarding the switch to 
Gla-300.

The switch from 1BI to Deg-100 in children and adoles-
cents with T1D under routine clinical practice conditions 
has already been proven to be effective and safe in several 
studies [17–22]. As for the switch from 1BI to Gla-300 on 
children or adolescents, beyond the registration trial (EDI-
TION JUNIOR) [13], only one real world study is available, 
involving newly diagnosed young patients [23].

In adult T1D populations, two real-world studies were 
performed. The RESTORE-1 study [24] was a retrospective 
chart review of more than 1000 Italian people with T1D 
switching from 1BIs to either Gla-300 or Deg-100. Treat-
ment with both 2BIs was associated with similar improve-
ments in glycemic control, without weight gain. Of note, 
there were no severe hypoglycemic events for Gla-300 and 
seven events for Deg-100 (p = 0.02). The OneCare Spanish 
study [25] evaluated continuous glucose monitoring (CGM) 
data for assessing glycemic variability in people with T1D 
who were switched from a 1BI (Gla-100 or detemir) to a 
2BI (Gla-300 or Deg-100). It showed that the effectiveness 
and safety of Gla-300 are more similar than different from 
Deg-100, with a slightly better nocturnal glucose profile, 
in suboptimally controlled T1D patients switching from a 
1BI to Gla-300. More recently, the In Range randomized 
trial compared Gla-300 and Deg-100 in adults with T1D. 
Using clinically relevant CGM metrics, the study showed 
that Gla-300 was non-inferior to IDeg-100, with comparable 
hypoglycaemia and safety profiles.

In Italy, the ISPED CARD initiative has been launched 
since 2019 [26], in line with other ongoing projects based 
on big data analyses such as the Italian AMD Annals [27, 
28], the European DPV and SWEET projects [7, 29], or the 
U.S. T1D Exchange project [30].
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The ISPED CARD database is periodically updated 
by downloading retrospective data of Electronic Medical 
Records (EMRs) of a large and representative network of 
pediatrics diabetes clinics. Data are used to assess and con-
tinuously improve quality of care and to evaluate specific 
aspects of care, including appropriateness of treatments and 
long-term outcomes.

The aim of the present analysis was to explore the effec-
tiveness of switching from 1BI to Gla-300 in children and 
adolescents in the Italian pediatric usual care setting.

Methods

The ISPED CARD is an observational, retrospective, mul-
ticenter study, based on data anonymously extracted from 
EMRs. The study involved a network of 20 diabetes cent-
ers (1/3 of all registered Italian pediatrics diabetes clinics) 
located in different areas of Italy.

All participating centers adopted the same EMR (Smart 
Digital Clinic—METEDA SRL, San Benedetto del Tronto, 
Italy), allowing the extraction of a standard, reproducible set 
of data. Centers and patients were anonymous, and data were 
extracted and transferred via a standardized and validated 
secure procedure.

The following inclusion criteria were applied: male or 
female, aged from 0 to 18 years, diagnosis of T1D, switch-
ing to Gla-300 from 1BI (i.e., regular human, glargine-100, 
detemir, or NPH). Exclusion criteria were switching to Deg-
100 or prescription of another basal insulin analogue after 
initiating Gla-300, and available follow-up shorter than 
3 months.

The following characteristics were considered to describe 
the baseline patient profile: age, gender, diabetes duration, 
HbA1c, fasting blood glucose (FBG), standardized body 
mass index (BMI/SDS), lipid profile, blood pressure, insu-
lin therapy (available in EMRs as Anatomical Therapeutic 
Chemical (ATC) codes).

Endpoints considered included the changes at 6 months 
(T6) (primary endpoint) and 12 months (T12) in HbA1c, 
FBG, BMI/SDS, and insulin doses, and proportion of 
patients at target of HbA1c < 7.5% at each study visit.

The study protocol was approved by all local ethics com-
mittees of the participating centers. Due to the study design 
and the anonymous by design database, based on Italian 
regulations, the signature of patient informed consent was 
not requested.

Statistical analysis

Descriptive data are expressed as mean and standard devia-
tion or proportions. Changes in continuous endpoints were 
assessed using mixed models for repeated measurements. 

Results are expressed as estimated mean or estimated mean 
difference from baseline (T0) and 95% confidence interval 
(95% CI). Paired t tests derived from linear mixed models 
for repeated measurements were applied for pre-post within-
group comparisons.

As categorical secondary outcomes, the proportions of 
patients with HbA1c ≤ 7.5% [53 mmol/mol] at each visit 
were evaluated using mixed effects models. The results are 
expressed as probability (which is equivalent to the preva-
lence) and Odds Ratio (OR) with relative 95% CI.

Results

Overall, from a total of 3,391 patients registered in the 
ISPED CARD database including data relative to the years 
2015–2021, 1,370 (40.4%) switched to 2BI. Among the lat-
ter, 200 (14.6%) switched from 1BI to Gla-300 (Fig. 1).

Patient characteristics at the first prescription of Gla-300 
are reported in Table 1.

The mean age at switch was 13 years, and two in three 
patients had over 12 years. The mean duration of T1D was 
3.9 years. Average HbA1c levels at switch were 8.8%, and 
one in three patients had BMI/SDS > 1.5. As for previous 
basal insulin, 98% of patients switched to Gla-300 from 
insulin glargine 100 U/mL, and 2% from insulin detemir. 
Short acting insulin more frequently associated with Gla-
300 were lispro (56.0%) and aspart (31.1%). Average basal 
and short acting insulin doses were 0.4 U/kg and 0.5 U/kg, 
respectively.

Fig. 1  Study flow-chart
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Figure 2 reports the results relative to effectiveness anal-
ysis of HbA1c. After 6 months from switching from 1BI 
to Gla-300, HbA1c levels decreased by − 0.88% (95% CI 
− 1.28; − 0.48; p < 0.0001). The benefit was maintained after 
12 months from the switch (mean reduction of HbA1c levels 
− 0.80%, 95% CI − 1.25; − 0.35, p = 0.0006). The likelihood 
of reaching a HbA1c level < 7.5% was 79% (OR = 1.79; 95% 
CI 1.20–2.67) higher at 6 months as compared to baseline, 
and 60% (OR = 1.60; 95% CI 0.92–2.78) higher at 12 months 

(Table 2). However, less than 50% of the patients reached the 
desired target at T6 (46%) and T12 (43%) (Table 2).

A reduction was also documented in FBG levels both at 
6 months and 12 months after the switch; however, statistical 
significance was not reached. No significant changes were 
documented for BMI/SDS and both short-acting and basal 
insulin doses (Table 3).

Table 1  Baseline characteristics 
of patients switching from 1BI 
to Gla-300

Characteristics Mean ± SD or percentage

N 200
Age (years) 13.2 ± 3.2
Age in classes (%)
0–6 years 2.5
6.1–12 years 33.0
12.1–18 years 64.5
Men (%) 57.0
T1D duration (years) 3.9 ± 2.6
Previous basal insulin (%)
Glargine 100 U/mL 98.0
Detemir 2.0
Short-acting insulin (%)
Human 5.7
Lispro 56.0
Aspart 31.1
Glulisine 7.3
Basal insulin dose (U) 19.7 ± 10.3
Basal insulin dose (U/Kg) 0.4 ± 0.1
Short-acting insulin dose (U) 24.3 ± 13.7
Short-acting insulin dose (U/Kg) 0.5 ± 0.2
HbA1c (%) 8.8 ± 2.2
HbA1c in classes (%)
 <  = 6.0% 2.1
6.1–6.5% 5.8
6.6–6.7% 9.4
7.1–7.5% 14.7
7.6–8.0% 15.2
8.1–8.5% 10.5
8.6–9.0% 9.9
 > 9.0% 32.5
Fasting blood glucose (mg/dl) 223.4 ± 137.6
BMI/SDS 1.1 ± 0.8
% patients with BMI/SDS > 1.5 (%) 32.5
LDL-cholesterol (mg/dl)(mg/dl) 95.2 ± 32.3
HDL- cholesterol (mg/dl) 56.2 ± 14.6
Triglycerides (mg/dl) 97.8 ± 94.3
% patients with LDL-cholesterol > 100 mg/dl (%) 35.8
Systolic blood pressure (mmHg) 109.2 ± 11.4
Diastolic blood pressure (mmHg) 64.6 ± 8.0
% patients with blood pressure > 140/70 mmHg (%) 16.1
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Conclusions

Efficacy and safety of Gla-300 in children and adolescents 
with T1D have been investigated in the EDITION JUNIOR 
randomized trial [13]. However, real world data confirming 
experimental results are lacking. This analysis represents a 
first picture of the effectiveness of switching from 1BI to 
Gla-300 in a T1D pediatric population. Data showed sta-
tistically significant improvements in HbA1c levels after 
6 months, sustained at 12 months, without weight gain. 
Larger proportions of patients had HbA1c levels ≤ 7.5% after 
6 and 12 months, as compared to baseline. These benefits 
were obtained despite marginal changes in the prescribed 
doses of basal and short-acting insulin during the follow-up. 
Better adherence to insulin treatment and improved phar-
macokinetic and pharmacodynamic properties of second-
generation basal insulins can represent possible explanations 
for our findings. Also, it is possible that the introduction of 
a new basal insulin led to more frequent dose adjustments, 
with a positive impact on metabolic control. The study also 
showed a delay in switching to a 2BI (average HbA1c levels 
of 8.8%).

To our knowledge, this is the first real-world study docu-
menting the effectiveness of switching from 1BI to Gla-300 
in children and adolescents with T1D. The only observa-
tional study on this topic compared the effectiveness and 
safety of insulin glargine 300 U/ml versus 100 U/ml in chil-
dren and adolescents with newly diagnosed T1D. In this 
study, during the first month of follow-up after diagnosis, 
the Gla-300 group had a lower percentage of time below 
range for hypoglycaemia < 54 mg/dl, suggesting that this 

Fig. 2  Primary continuous effectiveness endpoint: changes in mean HbA1c levels after 6 and 12 months from the switch to Glargine 300 U/mL

Endpoint Follow-up Estimated 
mean and 95% 

CI

Estimated 
mean 

difference 
from T0 and 

95% CI

Within group
p-value*

HbA1c
(%)

T0 8.77
(8.46;9.08)

- -

T6 7.89
(7.64;8.14)

-0.88
(-1.28;-0.48)

<0.0001

T12 7.97
(7.62;8.32)

-0.80
(-1.25;-0.35)

0.0006

Paired t-test derived from linear mixed models for repeated measurements. Statistically 
significant p-values (p<0.05) are in bold.
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Table 2  Categorical effectiveness endpoint: likelihood of achieving 
HbA1c < 7.5%

Results from mixed effects models for repeated measurements
OR odds ratio, 95% CI confidence intervals
Statistically significant p-values (p < 0.05) are in bold

Endpoint Visit Probability 
estimates and 
95% CI

OR and 95% CI p-value*

HbA1c < 7.5% T0 0.32 (0.26;0.39) – –
T6 0.46 (0.37;0.55) 1.79 (1.20;2.67) 0.0048
T12 0.43 (0.31;0.56) 1.60 (0.92;2.78) 0.09
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formulation might reduce the risk of severe hypoglycaemia. 
Moreover, no cases of severe hypoglycaemia were reported 
with Gla-300, while one case occurred with Gla-100 [23].

Our study has clinical implications, since it confirms the 
importance of timely switching from 1 to 2BI in children 
and adolescents with T1D, in order to improve metabolic 
control. Of note, despite the better safety profile of 2BIs 
documented in randomized clinical trials, Gla-300 dose was 
insufficiently titrated, as also suggested by the mild reduc-
tion in fasting blood glucose levels. The recent authorization 
to the prescription of Gla-300 in children can explain the 
lack of familiarity with its appropriate use in clinical prac-
tice. A greater confidence in the management of new insu-
lins with adequate dose titration would likely produce even 
more relevant results, allowing the attainment of the desired 
therapeutic targets in a larger proportion of patients. Of note, 
suboptimal insulin doses titration was also documented in 
the EDITION JUNIOR trial, which was associated with only 
a moderate reduction in FBG levels [13].

In adult T1D and T2D, Gla-300 has consistently demon-
strated lower hypoglycemia incidence both vs Gla-100 and 
Deg-100 during titration phase, a peculiar characteristic that 
should support the physician in doing a safer and progressive 
titration of insulin doses [24, 31].

Finally, the role of CGM in the treatment of pediatric 
patients should be discussed. The use of CGM has increased 

in the last years, at least in developed countries [32]. CGM 
was shown to be associated with lower HbA1c in both ado-
lescents and young adults [33]. The combined use of innova-
tive insulins and technologies can play an important role in 
the achievement of therapeutic targets while minimizing the 
risk of hypoglycemia.

The study has strengths and limitations. The major strength is 
the large and representative study sample, which was the result 
of the willingness of Italian pediatric diabetologists to volun-
tary collaborate to aggregate and critically review data from 
their clinical practice to improve quality of care. Among the 
limitations, it should be emphasized that participating centers 
were mainly located in northern-central Italy; therefore, results 
could be not generalizable to other Italian areas. Furthermore, 
additional information on timing of basal insulin administration 
and treatment adherence was not available and we could not 
assess whether this aspect could influence study results. In this 
respect, the achievement of a better metabolic control without 
substantial titration of insulin dose suggests that increased adher-
ence could represent an important factor. An additional limita-
tion is represented by the lack of safety information. In fact, 
data derived from self-monitoring of blood glucose/continuous 
glucose monitoring are still not systematically downloaded on 
EMRs. However, the collection of safety data in the context 
of the ISPED CARD initiative is among the objectives of the 
network. Furthermore, at the time of the analysis Gla-300 had 

Table 3  Secondary continuous effectiveness endpoints: changes in mean FBG and BMI/SDS levels and insulin doses after 6 and 12 months 
from the switch to Glargine 300 U/mL

Paired t-test derived from linear mixed models for repeated measurements

Endpoint Follow-up Estimated mean and 95% CI Estimated mean difference from 
T0 and 95% CI

Within 
group 
p-value*

FBG (mg/dl) T0 222.75 (191.56;253.94) – –
T6 191.7 (160.13;223.27) − 31.05 (− 76.44;14.33) 0.17
T12 198.9 (152.84;244.96) − 23.85 (− 72.38;24.67) 0.33

BMI/SDS T0 1.08 (0.95;1.21) – –
T6 1.10 (0.96;1.23) 0.02 (− 0.04;0.07) 0.54
T12 1.07 (0.92;1.22) − 0.01 (− 0.1;0.09) 0.89

Basal insulin (U) T0 19.74 (18.27;21.22) – –
T6 20.16 (18.17;22.15) 0.42 (− 2.06;2.90) 0.74
T12 21.06 (18.08;24.05) 1.32 (− 2.01;4.65) 0.43

Basal insulin (U/Kg) T0 0.39 (0.37;0.41) – –
T6 0.38 (0.35;0.41) − 0.01 (− 0.05;0.03) 0.64
T12 0.41 (0.36;0.45) 0.02 (− 0.03;0.07) 0.51

Short-acting insulin (U) T0 24.3 (22.15;26.44) – –
T6 22.09 (19.32;24.86) − 2.21 (− 5.71;1.29) 0.22
T12 26.45 (22.19;30.71) 2.15 (− 2.61;6.92) 0.37

Short-acting insulin (U/Kg) T0 0.46 (0.43;0.5) – –
T6 0.41 (0.37;0.46) − 0.05 (− 0.11;0.01) 0.08
T12 0.46 (0.38;0.53) − 0.01 (− 0.09;0.08) 0.90
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been made available from a short time. Therefore, this analy-
sis intended to provide a preliminary picture of the potential of 
this new therapeutic option. Comparative effectiveness analysis 
between Gla-300 and Deg-100 in T1D pediatric population has 
been planned in the next edition of ISPED CARD campaign.

In conclusion, this study provides the first real-world evi-
dence of the effectiveness of Gla-300 in children and ado-
lescents with T1D previously treated with 1BI. The benefits 
in terms of HbA1c levels reduction are substantial, and sus-
tained after 12 months. Additional benefits can be expected 
by improving the titration of insulin doses.
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