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A B S T R A C T   

Type 1 diabetes (T1D) is the most frequent form of diabetes in pediatric age, affecting more than 1.5 million 
people younger than age 20 years worldwide. Early and intensive control of diabetes provides continued pro-
tection against both microvascular and macrovascular complications, enhances growth, and ensures normal 
pubertal development. In the absence of definitive reversal therapy for this disease, achieving and maintaining 
the recommended glycemic targets is crucial. In the last 30 years, enormous progress has been made using 
technology to better treat T1D. In spite of this progress, the majority of children, adolescents and young adults do 
not reach the recommended targets for glycemic control and assume a considerable burden each day. The 
development of promising new therapeutic advances, such as more physiologic insulin analogues, pioneering 
diabetes technology including continuous glucose monitoring and closed loop systems as well as new adjuvant 
drugs, anticipate a new paradigm in T1D management over the next few years. This review presents insights into 
current management of T1D in youths.   

1. Introduction 

Type 1 diabetes (T1D) is the most common form of diabetes in 

childhood and adolescence, accounting for more than 90% of cases. Its 
incidence is increasing worldwide by an average of 3–4% per year [1], 
despite wide global variation [2]. In 2021, there were approximately 8.4 
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million (95% uncertainty interval 8⋅1–8⋅8) individuals worldwide with 
T1D: of these 1.5 million (18%) were younger than age 20 years [3]. 

Prolonged exposure to hyperglycemia may result in micro and 
macrovascular disease [4]. The Diabetes Control and Complications 
Trial (DCCT) and the Epidemiology of Diabetes Interventions and 
Complications (EDIC) established solid evidence as to the importance of 
intensive insulin treatment to achieve near-normal glycemic levels and 
avoid long-term complications [4,5]. Moreover, the EDIC study, intro-
duced the concept of metabolic memory consisting on the influence that 
high blood glucose level during the first years of T1D may have in the 
development of future long-term complications describing the beneficial 
impact of early intensive insulin treatment on preventing these com-
plications many years later [5–7]. Nevertheless, the majority of children 
and adolescents with T1D do not achieve recommended glycemic tar-
gets. In a global registry-based study from the period 2017–2019, only 
37% of children and adolescents were able to attain the former Inter-
national Society for Pediatric and Adolescent Diabetes (ISPAD) glycated 
hemoglobin A1c (HbA1c) recommended target of < 7.5% (58 mmol/-
mol) while only 21% attained the current ISPAD and American Diabetes 
Association (ADA) HbA1c target < 7.0% (53 mmol/mol) [8]. 

Growth, hormonal and pubertal status, unpredictable eating pat-
terns, dynamic lifestyles, unscheduled physical activity and fear of hy-
poglycemia [9] may be key factors influencing difficulties reaching 
recommended targets in children and adolescents. Over the last few 
years, the development of promising new advances in therapies, such as 
more physiologic insulin analogues, pioneering diabetes technology 
including continuous glucose monitoring (CGM) and Automated Insulin 
Delivery (AID) systems as well as new adjuvant drugs, anticipate a new 
paradigm in diabetes management. 

2. The era of time in range 

For the past 30 years, glucose management has primarily been 
assessed with the HbA1c, a generally recognized and reliable biomarker 
that reflects long-term average glucose level [10–15]. Current interna-
tional guidelines recommend that for the majority of children and 
nonpregnant adults HbA1c should be < 53 mmol/mol (7%) or even <
47.5 mmol/mol (6.5%) if this can be achieved safely [16]. While HbA1c 
realistically represents the average glycemic control in retrospect, it has 
limited utility for assessing short-term outcomes and day-to-day glucose 
fluctuations. Importantly, it lacks information about acute complica-
tions, such as severe hypoglycemia or diabetic ketoacidosis that are, 
together with the fear of hypoglycemia, important barriers impeding 
diabetes care optimization [17,18]. CGM, either real-time (rtCGM) or 
intermittently scanned (isCGM), effectively addresses these barriers: 
data derived from CGM present a more comprehensive glucose control 
picture than HbA1c alone [19]. 

In 2017, an international consensus recommended standardized 
CGM reporting and defined outcomes definitions with a core set of ten 
CGM metrics for standardized reports [19]. 

The consensus suggested easy-to-understand TIR targets, along with 
TBR and TAR targets for routine management of type 1 and type 2 
diabetes and for type 1 diabetes complicated by pregnancy. Targets 
should be individualized and ligned with personal necessities and cir-
cumstances. Each incremental 5% improvement in TIR is associated 
with clinically significant benefit. 

The principal goal for all children and adults with T1D is to maintain:  

1. 70% of TIR (70–180 mg/dL / 3.9–10 mmol/L) = 16 h 48 min per day,  
2. while at the same time minimizing both TBR and TAR:  
3. < 4% of TBR (< 70 mg/dL / 3.9 mmol/L) = 1 h per day, and  
4. < 25% of TAR (> 180 mg/dL / 10 mmol/L) = 6 h per day 

To unify and improve diabetes-related outcomes and quality of life 
with our routine clinical care, we need to constantly improve the pre-
sentation and usage of provided CGM data. Improvement in diabtes care 

using the new metrics will only be achived if it is understood and 
broadly adoption by individuals with diabetes and health care 
professionals. 

3. Pharmacological approach 

3.1. Insulin therapy 

After the discovery of insulin in 1921 and its first use in humans in 
1922, a broad spectrum of treatment choices for children and adoles-
cents with T1D has been developed with the aim to mimic as closely as 
possible normal physiological patterns. Before 2018, insulin formula-
tions for the pediatric population included: rapid-acting analogs (such as 
insulin aspart, glulisine and lispro), regular insulin, Neutral Protamine 
Hagedorn insulin (NPH) and basal long-acting analogs (glargine, dete-
mir and degludec) [20]. Since 2018, a new basal long-acting insulin 
analog (insulin glargine 300 U/mL - Toujeo®) and two new ultra-rapid 
acting analogues (faster aspart 100 u/mL - Fiasp® and ultra-rapid lispro 
- Lyumjev®) have been developed and approved for the pediatric pop-
ulation. An inhaled insulin formulation (technosphere insulin - 
Afrezza®) has been approved for adult use. Table 1 shows the baseline 
characteristics of the phase 3 trials and independent studies on pediatric 
patients using new insulin formulations.  

a) Long-acting analogues 

3.1.1. Insulin glargine 300 U/mL 
Insulin glargine 300 U/mL (Gla-300) is a second-generation long- 

acting basal insulin analogue. It has a more stable and prolonged 
pharmacokinetic/pharmacodynamic profile than insulin glargine 100 
U/mL (Gla-100) with a duration of glucose-lowering activity exceeding 
24 h. This fact reflects that the injection volume is reduced and consti-
tutes itself as a smaller subcutaneous depot which leads to a slower and 
more prolonged insulin release and absorption profile. These important 
characteristics may reduce glycemic fluctuations and confer flexibility 
around the time of administration [21]. 

On February 2015 the U.S. Food and Drug Administration (FDA) 
approved glargine 300 IU/mL (Toujeo®) for the treatment of T1D in 
adults [22,23]. On November 2019, approval was expanded to children 
aged > 6 years This indication was supported by the phase 3 Edition 
Junior trial [ClinicalTrials.gov Identifier: NCT02735044] [24].  

a) Fast-acting analogues 

3.1.2. Faster aspart 
Fast-acting insulin aspart 100 u/mL (faster aspart) is a formulation of 

insulin aspart (IAsp) with two added excipients, L-arginine and niacin-
amide. These excipients ensure a formulation stability as well as an 
accelerated initial absorption after the subcutaneous administration. 
Accelerated absorption results from more rapid monomer formation 
from the stable insulin hexamers [25]. A trial investigating the phar-
macological properties of faster aspart vs IAsp in children, adolescents 
and adults with T1D demonstrated that, after injection, consistently 
across all age groups, the mean serum IAsp concentration-time profiles 
were shifted to the left for faster aspart vs IAsp. Onset of appearance 
occurred approximately twice as fast and early exposure was greater for 
faster aspart vs IAsp, with no treatment differences in total exposure or 
maximum concentration (Cmax). Two-hour post-meal plasma glucose 
excursion in children was reduced for faster aspart vs IAsp [26]. On 
January 2020, the FDA expanded the use of Fiasp, in children as young 
as 2 years to treat diabetes (the treatment had already been approved for 
use in adults in September 2017, and for use in insulin pumps in October 
2019). Approval followed the review of data from the Onset 7 clinical 
trial [27], a 26-week, phase 3, multicenter, randomized, double-blind, 
parallel-group study that was conducted in subjects with T1D aged 
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1–17 years. The current trial showed that mealtime and postmeal faster 
aspart were both noninferior to IAsp in terms of HbA1c control (with a 
statistically significant difference in favour of mealtime faster aspart vs 
mealtime IAsp). Since 2019, two “real-world” studies have been pub-
lished to provide such data on the pediatric population [28,29]. Costa el 
al [28]. conducted a retrospective analysis in Portugal with 60 pediatric 
patients (n = 47 on CSII; n = 13 on MDI) with T1D that assessed the 
impact on the metabolic control, after changing their rapid-acting in-
sulin analogue to Fiasp. Another trial conducted in Spain [29] analysed 
the efficacy of faster aspart vs insulin aspart in 32 children and adoles-
cents with T1D on CSII treatment with predicted low glucose suspension 
(PLGS) (Medtronic MiniMed640G®). The study covered a three months 
periods and the results did not differ from those reported by Costa C 
et al. [28]. Although data in the pediatric age are still limited, these 
studies suggest that faster aspart is a mealtime and postmeal effective 
and safe option in children and adolescents with T1D both on MDI and 
CSII. While the ISPAD guidelines [20] recommend bolus insulin 
administration at least 15–20 min before meals, this can be challenging 
in younger children, during acute illness and in adolescents. Faster 
aspart, according to the current evidence, allows insulin administration 
within the first 20 min after starting a meal, and thus may confere 
benefits to avoid these barriers. 

3.1.3. Ultra-rapid insulin lispro 
Ultra rapid lispro (URLi) is a novel insulin lispro formulation con-

taining two locally acting excipients: treprostinil, a prostacyclin 
analogue that induces local vasodilation, and citrate that increases 
vascular permeability, thereby accelerating insulin lispro absoprtion at 
the injection site [30,31]. In a euglycaemic clamp study comparing URLi 
to lispro in adult patients with T1D [32], URLi demonstrated earlier 
insulin action and a shorter duration of action therefore matching more 
closely to physiological insulin secretion. The onset of appearance of 
insulin lispro in serum was 6 min faster with URLi, leading to a sevenfold 
higher insulin exposure during the first 15 min after the injection. In 
addition, exposure 3-hours post injection was 39–41% lower, with an 
exposure duration reduction by 72–74 min in comparison with lispro. A 
corresponding shift was observed in the pharmacodynamic profile. The 

onset of insulin action was 11–12 min earlier with URLi, and insulin 
action was threefold greater over the first 30 min postdose. Late insulin 
action beyond 4 h postdose was reduced by 44–54% with a duration of 
action reduced by 34–44 min compared with lispro.On June 2020, the 
FDA approved the use of ultra-rapid insulin lispro 100 and 200 units/mL 
(Lyumjev®) for the treatment of adults with T1D and type 2 diabetes on 
multiple daily injection. Approval was based on data from two phase 3 
randomized controlled trials comparing URLi with lispro in people with 
T1D (the PRONTO-T1D trial) [33] and type 2 diabetes (the 
PRONTO-T2D trial) [34]. Expanded approval for administration via CSII 
was accomplished in August 2021. The EU approved pediatric use in 
December 2022 for children aged >1 year 

3.2. Adjuvant therapies 

Today there is still a life expectancy gap between individuals living 
with and without diabetes. In addition to glycemic control, cardiovas-
cular risk factors have also been associated with this fact. The need for 
improvement or prevention of concomitant diseases i.e obesity, heart 
and kidney failure or microvascular disease in individuals with T1D 
from childhood is of prime importance t. Controlling the metabolic state 
of people with T1D by adjuvant pharmacological measures without 
increasing risk of (further) weight gain, as with insulin, has been dis-
cussed in the past [35]. Nevertheless, despite all efforts, the risk of these 
individuals, for cardiovascular disease, in particular remains elevated 
compared with to non-type 1 diabetes individuals. Follow-up of the 
participants in the DCCT study stresses this unambiguous association: 
the group of patients who significantly gained weight in the course of 
intensified insulin therapy had a particularly high incidence of cardio-
vascular events [36]. Swedish registry shows how smoking, systolic 
blood pressure, LDL cholesterol (LDL: low density lipoprotein), glycated 
hemoglobin or albuminuria also influence the mortality risk in T1D 
[35]. The consequences of increasing weight are: increasing insulin 
resistance, increasing insulin dosages, rising blood pressure levels and 
reduced mobility. Although, for people without T1D but with significant 
overweight, physical activity is a "simple" and low side-effect means of 
weight control, frequent hypoglycemia during and/or after exercise, 

Table 1 
Baseline characteristics of the phase 3 trials and independent studies on pediatric patients using new insulin.  

Autor/Company and year 
[Ref] 

Country Study 
design 

Population -age 
range 

Study 
period 

Treatment prior 
study enrollment 

Main outcomes Follow up 

Danne T, 2020 [29] Multicentre RCT N = 463; aged 
6–17 y 

2016–2018 MDI To compare efficacy and safety of 
insulin Gla-300 VS Gla-100 in children 
and adolescents with T1D 

6 m + 6 m safety 
extension period 

Al Hayek AA, 2022 [30] Saudi 
Arabia 

OS N = 86; aged 
14–40 y (n = 26 
≤ 20 y). 

2021 MDI To compare efficacy, safety and 
patient-reported satisfaction of insulin 
Gla-300 VS insulin Gla-100 in 
adolescents and young adults with T1D 

3 m 

Bode BW, 2019 [33] Multicentre RCT N = 777; aged 
1–17 y 

2016–2018 MDI To compare efficacy and safety of faster 
aspart VS IAsp (both while on basal 
insulin degludec) in children and 
adolescents with T1D 

6 m 

Costa C, 2022 [35] Portugal RS N = 60; aged 
3–19 y 

2019–2020 N = 47 on CSII; n =
13 on MDI 

To compare efficacy of faster aspart VS 
other rapid-acting insulin analogues in 
children and adolescents with T1D. 

3 m 

González de Buitrago 
Amigo J, 2020 [36] 

Spain OS N = 32; aged 
7–17 y 

2019 CSII 
(MiniMed640G) 

To compare efficacy and safety of faster 
aspart VS IAsp in children and 
adolescents with T1D on CSII 

3 m 

Eli Lilly and Company, 
“PRONTO-Peds” trial 
[42] 

Multicentre RCT N = 716; aged 
1–17 y 

2019–2021 MDI To compare efficacy and safety of URLi 
VS Humalog in children and 
adolescents with T1D. 

6 m 

Mannkind Corporation, 
“Afrezza INHALE-1″ 
Study in Pediatrics 
[44] 

USA RCT N (estimated) =
264; aged 4–17 y 

2021- 
ongoing 

MDI To compare efficacy and safety of 
Afrezza VS rapid-acting insulin 
analogues plus basal insulin in children 
and adolescents with T1D or T2D. 

6 m + 6 m safety 
and efficacy 
extension period 

RCT: Randomized Controlled Trial; OS: Observational Study; RS: Retrospective Study; N: number; Y: years; M: months; MDI: Multiple Daily Injections; CSII: Continuous 
Subcutaneous Insulin Infusion; insulin Gla-300: insulin glargine 300 U/mL; insulin Gla-100: insulin glargine 100 U/mL; IAsp: Insulin Aspart; URLi: Ultra Rapid Lispro 
insulin; T1D: Type 1 Diabetes; T2D: Type 2 Diabetes. 
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requiring correction with carbohydrates (and thus calories.), ris a source 
of frustration and demotivation. 

3.2.1. Options for adjuvant pharmacotherapy 
On average, optimized insulin adjustment can achieve glycemic 

control on target in only half of those affected. Improving this by 
adjuvant pharmacological measures is an obvious target. There are 
several approaches to address this issue. Table 2 shows an overview on 
investigated substances. None of these are currently approved for 
adjunctive use in pediatric T1D.  

a) Pamlintide 
Pramlintide is an injectable amylin analogue approved only in the 

US for the treatment of T1D and type 2 diabetes [37]. Amylin is a 
neuroendocrine hormone that inhibits glucagon secretion and con-
tributes to reducing postprandial glucose variability, for T1D, amylin 
deficiency is described in T1D [38]. In T1D, pramlintide has been 
shown to improve postprandial glucose levels but also causes post-
prandial hypoglycemia [39]. Therefore, the clinical use has been 
limited.  

b) GLP-1 analogues 
Two Phase III trials in adult populations (ADJUNCT ONE and 

ADJUNCT TWO) investigate liraglutide, a well-known GLP-1 
analogue used in type 2 diabetes treatment as an adjunct to insulin. 
In both trials, it reduced body weight and Hba1c and was well- 
tolerated. Main side effects were elevated serum ketones without 
acidosis and more hypoglycemic events. Other trials showed similar 
effects [40] Accordingly the use of GLP1-analogues in T1D patients 
-at least in those with obesity- continues [41] Notably other trials e.g 
using exenatide found no benefits [42].  

c) SGLTi 

The most promising approach currently appears to be the class of 
SGLTi, which allow an insulin independent approach for glucose 
lowering by stopping the tubular re-absorption of glucose from primary 
urine [43]. Different SGLTi have been investigated as adjunctive therapy 
for people with T1D. Having proven success in treatment of type 2 
diabetes [44] and being beneficial for the risk factors mentioned above 
[45], investigating these drugs also in T1D is feasible and expeected 
effects will not be not specific to treat type 2 diabetes but may dispay as a 
“class effect”. All SGLTi provide an insulin-independent approach to 
lower serum glucose by inhibition of tubular reabsorption from primary 
urine. Most are SGLT2-inhibitors, but also combined SGLT1 and 2 

inhibitors are also under investigation [46]. Several T1D trials have 
shown a 2–4 mmol/mol (0.2–0.4%) HbA1c improvement without an 
inherent risk of hypoglycemia, a moderate improvement in body weight 
(2–3 kg) and systolic blood pressure (3–4 mmHg decrease) [47–52], 
while comparability between studies is difficult due to endpoints and 
treatment schemes. A corresponding approval as an adjuvant therapy 
option is not currently available for acarbose or for metformin, SGLT-2 
inhibitors (SGLTi) or GLP-1 receptor agonists. The (still) sparse data 
indicate a favorable effect on HbA1c levels, body weight, and daily in-
sulin levels [53] concerning side effect of SGLTi is the side effect of so 
called euglycemic ketoacidosis (euDKA) [54]. Due to the renal glucose 
excretion, a high blood glucose can not provide an alert signal, the only 
way to discriminate acute illness without insulin deficiency in mea-
surement of serum ketones [55]. Although a consensus statement rec-
ommended the use of SGLTi in T1D only when prescribed by experts 
[56], the concern of euDKA led to an actual withdrawal of dapagliflozins 
T1D approval [57], removing from the market the only SGLTi on the 
market available for T1D. No approvals have been issued by regulatory 
agencies for the pediatric population. 

4. Automated insulin delivery system 

4.1. Terminology and algorithm controllers 

“Automated insulin delivery” (AID) system, also known as an arti-
ficial pancreas or as “closed-loop system” describe the combination of an 
insulin pump (to deliver insulin) a glucose sensor (to measure interstitial 
fluid glucose level) and a controller algorithm that adjusts insulin de-
livery (up and down) in response to real-time sensor glucose levels and 
other inputs, such as meal intake [58]. Several types of algorithms have 
been developed and any particular system is not necessarily restricted to 
a single algorithm as combinations of two or more algorithms within the 
same system are also plausible [58,59]. 

According to the recent “Consensus Report of the Joint Diabetes 
Technology Working Group of the European Association for the Study of 
Diabetes and the American Diabetes Association on Automated Insulin 
Delivery” [60] the terminology around AID systems includes the 
following terms: 

Sensor-augmented pump (SAP): Insulin pump with use of a CGM either 
on a separate device or displayed directly on the pump. These systems 
allow for viewing of the sensor data, but insulin delivery is not altered on 
the basis of sensor glucose values. 

Low glucose suspend (LGS) or predictive low glucose suspend (PLGS): 
Insulin pump system that suspends insulin delivery for actual hypo-
glycaemia due to sensor glucose value (LGS) or for predicted hypo-
glycaemia (PLGS). 

Hybrid AID (also known as hybrid closed loop -HCL-): Insulin pump 
system that automatically increases or decreases basal insulin delivery 
in response to sensor glucose values; user still needs to dose prandial 
insulin manually. Advanced hybrid AID systems are also available now. 
These next-generation systems not only adjust basal insulin delivery but 
also delivers automatic correction boluses. However, they still require 
the person with diabetes to dose prandial insulin. 

Full AID: AID system that automatically adjusts all insulin delivery, 
including prandial insulin. 

DIY AID (also known as Loop, OPEN APS, Android APS): ‘Do-it- 
yourself’ AID system using a commercially available CGM system and 
insulin pump, plus an open-source algorithm; currently is approved only 
by FDA. 

Artificial pancreas: This term was often used in the past as a synonym 
for AID, but the AP does not consider the exocrine functions of the 
pancreas. 

Bihormonal (bionic pancreas) AID systems that incorporate two hor-
mones (insulin and glucagon); insulin and pramlintide are also being 
studied. 

Table 3 showed the pivotal and age expansion studies for 

Table 2 
Available drugs for adjuvant therapy.  

Substance 
(class) 

Effects Approved for T1D 

+ - 

Acarbose Reduction of 
postprandial 
glycemia without 
HbA1c effect  

No 

GLP1-RA Reduced HbA1c, 
reduced body 
weight 

Hypoglycemia 
and ketosis 

No 

Metformin Reduced body 
weight and low- 
density cholesterol 

Usual side effects 
of substance in 
T2D 

No 

Pramlintide Less postprandial 
variability 

Nausea, 
postprandial 
hypoglycemia 

Only in US 

SGLTi Reduced HbA1c, 
insulin dose, 
reduced body 
weight 

Risk for euDKA No (dapaglifolzin had 
a limited approval in 
EU, but currently it 
was withdrawn) 

RCT: Randomized Controlled Trial; HbA1c: glycated haemoglobin; euDKA: 
euglucemic diabetic ketoacidosis; US: United States; EU: European Union 
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Table 3 
Pivotal and age expansion studies for commercialized AID systems.  

AUTHOR / PUBLICATION DEVICE STUDY DESIGN STUDY 
DURATION 

STUDY POPULATION HbA1c AT 
BASELINE 

RESULTADOS 

Garg SK et al. 
Diabetes Technol Ther 
2017 [82] 

Medtronic 670 
G™ 

Non-randomized 
One single arm 

3 months Adolescents > 14 y (n =
30) 
Adults (n = 94) 

Adolescents 
7.7% 
Adults 7.3% 

Adolescents:   

• TIR ↑ from 60% to 67%  
• TBR ↓ from 4.3% to 2.8%  
• Adults:  
• TIR ↑ from 69% to 74%  
• TBR ↓ from 6.4% to 3.4% 

Tauschmann M et al. 
Lancet 2018 [132 

CamAPS FX™ RCT 
Parallel groups 
CL vs SAP 

3 weeks n = 24 children (2–7 years) 7.4% For both groups   

• TIR: 70–72%  
• TBR: 4.5–4.7% 

Forlenza GP et al. 
Diabetes Technol Ther 
2019 [145] 

Medtronic 670 
G™ 

Non-randomized 
One single arm 

3 months n = 105 children 
(7–13 years) 

7.9%  • TIR ↑ from 56% to 65%  
• TBR ↓ from 4.7% to 3.0% 

Brown SA et al. 
NEJM 2019 [110] 

Tandem 
Control IQ™ 

RCT 
Parallel groups 
Control IQ vs SAP 

6 months n = 168 adults and 
adolescents 
> 14 years 

7.4% Control-IQ vs SAP:   

• TIR ↑: 71% vs 59%  
• • TBR ↓: 1.6% vs 2.3% 

Breton MD et al. 
NEJM 2020 [115] 

Tandem 
Control IQ™ 

RCT 
Parallel groups 
Control IQ vs SAP 

4 months n = 101 children 
(6–13 years) 

7.6–7.9% Control-IQ vs SAP:   

• TIR ↑: 67% vs 55%  
• TBR ↔: 1.6% vs 1.8% 

Sherr JL et al. Diabetes 
Technol Ther 2020 [146] 

OmniPod 5 Non-randomized (Safety 
and performance) 

96 h Children (n = 15), 
Adolescents 6–18 y (n =
10) 
Adults 18–65 y (n = 11) 

Children 8.0% 
Adolescents 
8.4% 
Adults 7.4% 

Adults (ST vs CL)   

• TIR ↑: from 68% to 73%  
• TBR ↓: from 3.2% to 

1.7%  
• Adolescents (ST vs CL)  
• TIR ↑: from 60% to 59%  
• TBR ↓: 2.8% vs 2.4%  
• Children (ST vs CL)  
• TIR ↑: from 54% to 69%  
• TBR ↓: from 2.2% to 

1.9% 
Bergenstal RM et al. 

Lancet 2021 [90] 
Medtronic 780 
G™ 

RCT 
Cross-over 
ACHL vs 670 G 

3 months n = 113 
adolescents and young 
adults (14–29 years) 

7.9% AHCL vs 670 G:   

• TIR ↑: 67% vs 63%  
• TBR ↔: 2.1% vs 2.1% 

Ekhlaspour L et al. 
Diabetes Technol Ther 
2021 [119] 

Control-IQ Non-randomized 
(Safety and 
performance) 

48 h n = 12 
Children 2–5 years 

7.3%  • TIR ↑ from 63% to 71%  
• TBR ↓ from 3.7% to 1.5% 

Forlenza G et al. Diabetes 
Technol Ther 2021 [147] 

OmniPod 5 Non randomized (one 
single-arm) 

28 days 18 adults and 18 children 
(aged 6–70 years) 

Children 7.8% 
Adults 7.1%  

1. Children in 3 days 130 
mg/dl target: 61%  

2. Children in 3 days 140 
mg/dl target 64.8%  

3. Children in 3 days 150 
mg/dl target 53.5%  

4. Children in 5-days free- 
choice target 64.9%  

5. Adults in 3 days 130 
mg/dl target 75.1%  

6. Adults in 3 days 140 
mg/dl target 67.6%  

7. Adults in 3 days 150 
mg/dl target 63.7%  

8. Adults in 5-days free- 
choice target 72.5% 

VS   

1. Children in 14-days ST 
51%  

2. Adults in 14-days ST 
65% 

Brown S et al. Diabetes Care 
2021 [148] 

OmniPod 5 RCT 
CL vs SAP 

3 months 235 participants (aged 
6–70 years) 
- Children in 3 months HCL 
(n. 111) 
- Adults in 3 months HCL 
(n. 124) 

Children 7.8% 
Adults 7.1% 

CL vs ST 
Children   

• TIR 52% vs 68%  
• TBR 2.3% vs 0.8% 
Adults   

• TIR 65% vs 74%  
• TBR 3.4% vs 1.4% 

(continued on next page) 
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commercialized AID systems. 

4.2. MINIMED 780 G 

The second-generation AID system 780 G system developed by 
Medtronic, USA (also advanced hybrid closed-loop – AHCL) includes an 
MD-Logic artificial pancreas algorithm to adjust automatic insulin 
infusion. The algorithm includes adjustable target glucose, automated 
correction boluses, and an updated controller that includes a modified 
integral action and new controller gains, a modified insulin feedback 
module, a modified adaptation method that ensures a more robust 
personalization of the therapy and increases time in AID, and a meal 
detection module that, if triggered, can potentially let the system deliver 
more aggressive automated- correction boluses [61–63]. Since October 
2021, the system has been available with the non-adjunctive Guardian™ 
4 sensor, which does not require calibration. 

The Fuzzy Logic Automated Insulin Regulation (FLAIR) study 
directly compared the Medtronic 670 G with the investigational version 
of the 780 G system in adolescents and young adults with T1D [64]. This 
was a multinational randomized crossover trial, including 113 in-
dividuals with T1D aged 14–29 years. Daytime time above range (pri-
mary endpoint) was reduced by 3% with Minimed 780 G use (34% vs. 
37%, P < 0.0001), without increasing hypoglycemia (co-primary 
endpoint). Consequently, TIR was improved (67% with 780 G compared 
to 64% with 670 G use, P < 0.0001). Noteworthy, the 780 G system was 
associated with fewer system alerts, reduced Auto Mode exits and 
increased time spent in Auto Mode (86% vs 75%) [64]. 

The efficacy of Minimed 780 G was confirmed also in a real-world 
data analysis from 12,780 users, achieving a TIR of 73.9% (partici-
pants <15 years) and 76.5% (participants >15 years) [65]. 

Evaluating patient-reported outcome measures and psychosocial 
outcomes, several studies demonstrated improved quality of life, 
decreased fear of hypoglycemia, less emotional distress, and reduced 
burden of disease management with the use of Minimed 780 G [66–68]. 
In cost-effectiveness studies, 780 G use was shown to likely be 
cost-effective, by improving glycemic control and reducing hypoglyce-
mia incidence, and was associated with gains in life expectancy and 
improvements in quality of life due to fewer and delayed 
diabetes-related complications [69,70]. 

4.3. Tandem control-IQ 

The t:slim X2 insulin pump system with Control-IQ technology 
(developed by Tandem Diabetes Care, San Diego, CA) and an integrated 
factory-calibrated CGM (Dexcom® G6) is a HCL system that uses an 
algorithm that automatically adjusts insulin delivery based on the CGM 
data. The Control IQ closed-loop system improves glycemic outcomes 
using an MPC algorithm that includes a hypoglycemia safety module, 
basal rate modulation as well as automated corrections and more 
intensified control overnight using a lower target range (112.5–120 mg). 
The user still needs to enter the amount of the meal carbohydrate con-
tent into the bolus calculator [71]. 

A large multicenter NIH-sponsored clinical trial led to FDA approval 
of the t:slim X2 with the Control IQ closed loop system in December 
2019. 168 participants (age 14–17 years ) with Type 1D participated in a 

six-month study. TIR increased significantly 71% in Control IQ arm vs. 
59% in control arm. There was a significant reduction in hypoglycemia 
(1.6% vs.2.3%) [72]. The sub-analysis of the adolescents and young 
adults in this trial (63 participants) who all completed the study showed 
Control IQ improved TIR by 13% vs. 1% in the usual care arm by 
reducing the time with hyperglycemia. Baseline HbA1c in this subgroup 
was 8.1% [73]. To compare the glycemic outcomes with the use of Basal 
IQ (the predictive low glucose suspend feature of the t:slim X2 insulin 
pump) with Control IQ, after six months of control IQ use 109 partici-
pants were randomized to either continue using Control IQ or Basal IQ. 
While in the Basal IQ arm TIR decreased from 70% to 60% over 13 
weeks, in the Control IQ arm TIR remained comparable (70% vs. 68%). 
Time < 54 mg/dL was similar and showed reduction from baseline on 
both systems [74]. Following the pivotal trial in adolescents and adults, 
another large randomized clinical trial testing the safety and efficacy of 
the control IQ system was conducted in children between aged 6 and 13 
years . 101 children completed a 16-week randomized trial. The system 
was effective and safe in the younger age group. Mean TIR increased 
from 53% at baseline to 67% in the Control IQ arm and from 51% to 55% 
in the standard treatment arm. The median time with hypoglycemia was 
low in both groups since most control arm patients used a low glucose 
suspend system [75]. The extension phase of the study showed that the 
use of the system in youth improves glycemic outcomes starting day one 
and remains effective through week 28. The increase in TIR from 
baseline 53 ± 17% persisted and was stable throughout the study to 67 
± 10% during the RCT and at 66 ± 10% through the 12 weeks post-RCT 
[76]. In this trial, baseline TIR was associated with lower TIR on closed 
loop. However, lower baseline TIR was also associated with greater 
improvement in TIR on closed loop. Active involvement and 
user-initiated boluses are essential for the higher TIR [77]. 

In order to expand the use of the system to a wider age range, Control 
IQ system was tested in a small group of older patients (mean age 68.7 
years old). The system improved the glycemic control compared with 
SAP. TIR increased from 70% to 80%, and time below 70 mg/dl was 
decreased to 0.8% [78]. 

Recently a large multicenter study testing the Control IQ in children 
2–5 y old has been published. Similarly to previous pivotal studies in the 
control IQ arm TIR improved significantly during the study period (from 
56.7 ± 18.0% to 69.3 ± 11.1% and in the standard care arm from 54.9 
± 14.7% to 55.9 ± 12.6%) i The researchers observed similar treatment 
effects (favoring the closed-loop system) on the percentage of time that 
the glucose level was above 250 mg/dl, on the mean glucose level and on 
the HbA1c level with no significant between-group difference in the 
percentage of time that the glucose level was below 70 mg/dl. The au-
thors reported two cases of severe hypoglycemia in the closed-loop 
group and one case in the standard-care group as well as one case of 
DKA occurred in the closed-loop group [79]. 

Psychosocial Impact. To asses user experience with technology and 
the system’s impact on quality of life, during the large scale, outpatient, 
long-term clinical trials of the Control IQ system patient Reported 
Outcomes (PROs) were assessed through several questionnaires were 
completed at baseline, 3, and 6 months. The Fear of hypoglycemia 
decreased significantly after six months of HCL compared with the usual 
care arm, and the use of the system was not accompanied by a high level 
of burden, which is as important as the improvement in glycemic 

Table 3 (continued ) 

AUTHOR / PUBLICATION DEVICE STUDY DESIGN STUDY 
DURATION 

STUDY POPULATION HbA1c AT 
BASELINE 

RESULTADOS 

Ware J et al. NEJM 2022 
[138] 

CamAPS FX™ Randomized 
CL vs SAP 

16 weeks n = 44 
Children 1–7 y 

7.3%  • TBR = 4.9 vs 4.5%  
• TIR ↑ 71.6 vs 62.9% 

Sherr JL et al. Diabetes Care 
2022 [149] 

OmniPod 5 Non randomized 
(one-single arm) 

13 weeks N = 80 
Children 2–5.9 y 

7.4%  • ↑ TIR: From 57% to 68%  
• ↓ TBR: From 3.4% to 

2.4% 

RCT: Randomized Controlled Trial; CL: closed loop; SAP: sensor-augmented pump; AHCL: Advanced Hybrid Closed loop; ST: Standard Therapy 
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outcomes [80]. In the 28-week study of the younger patients (age 6–13 
years), the PRO outcomes improved non-significantly from baseline to 
week 16 and were sustained at week 28. However, the sleep scores for 
parents improved between baseline and 16 weeks were sustained in both 
arms [81]. 

Real-world studies. Following a few years on the market, several real- 
world studies have been published. Messer and team studied the gly-
cemic outcomes during routine care of 191 children (median age 14 
years) who were transitioned to Control IQ. Glycemic outcomes (TIR and 
hemoglobin A1C) significantly improved during the transition while 
percent time using the Control-IQ feature was 86.4% at six months, and 
< 4% of the cohort discontinued use [82]. 

4.4. Camdiab camaps FX 

CamAPS FX (CamDiab, Cambridge, UK) is the first commercially 
available HCL mobile phone application (app). CamAPS FX utilizes a 
control algorithm developed at the University of Cambridge over more 
than a decade of research led by Professor Roman Hovorka. CamAPS FX 
has been commercialized by CamDiab (Cambridge, UK), a University 
spin-out company [83]. The CamAPS FX app, classified as a medical 
device, resides on an unlocked smartphone communicating wirelessly 
with a compatible insulin pump and glucose sensor. By design, the app is 
configured to be interoperable with multiple devices. At present, the app 
communicates with the Dana RS and Dana-I pumps (Sooil, Seoul, South 
Korea), mylife YpsoPump (Ypsomed, Burgdorf, Switzerland) and the 
Dexcom G6® sensor (Dexcom, San Diego, CA, USA), but will commu-
nicate with additional pumps and CGM systems in the future (e.g. 
Abbott’s FreeStyle Libre 3) [58,84]. In March 2020, the CamAPS FX app 
received CE mark in the European Union and United Kingdom. The 
CamAPS FX system has the broadest approval of all currently commer-
cially available closed loop system in terms of age (1 year and older), 
intended use population (including pregnant women with T1D), and 
compatible insulin formulations (including ultra-rapid insulin ana-
logues). The algorithm is available as an app, and the first one working 
with two different insulin pumps and two different glucose sensors. 

The CamAPS FX app is a HCL system, manual triggering of insulin 
boosts at mealtime is still required. The Cambridge control algorithm is 
based on the model predictive control paradigm. The treat-to-target 
algorithm calculates a new insulin infusion rate using a compartment 
model of glucose kinetics that describes the effect of rapid-acting insulin 
and meal carbohydrate content on glucose levels [85]. The algorithm 
continuously adjusts insulin delivery to achieve a default glucose target 
of 5.8 mmol/l (104 mg/dl) and adapts to a particular user based on total 
daily insulin requirements, day-to-day prandial and diurnal patterns 
[86]. The CamAPS FX is initialized with the participant’s weight, and 
the total daily insulin dose only, insulin sensitivity and active insulin 
time are automatically calculated and adjusted. Unlike with other closed 
loop systems, no warm-up phase required. Insulin delivery is modulated 
by the adaptive control algorithm every 8–12 min [85]. In the CamAPs 
FX app, the user has the option to set glucose targets very individually, 
both in terms of the actual level (between 4.4 mmol/L and 11 mmol/l), 
as well as the time periods for the scope of various targets. Additionally, 
two features called "ease-off" and "boost" modes are available in the app 
that decrease and increase insulin delivery rates, respectively. Ease-Off 
mode can be activated during exercise or when glucose levels tend to 
be too low., while boost mode can be activated during periods of inac-
tivity or increased food intake. The Cambridge algorithm has been 
extensively evaluated in RCTs over the past decade, beginning with 
controlled laboratory conditions, followed by short to medium 
free-living unsupervised outpatient studies to larger-scale, multicenter 
pivotal clinical trials [85,87,88]. 

In a randomized controlled multicenter trial across the United 
Kingdom and United States AID use was compared to pump therapy in 
86 sub-optimally controlled (baseline HbA1c >58 mmol/mol [7.5%]) 
children, adolescents and adults aged 6–65 years, AID use increased 

time in target range over 12 weeks compared with sensor-augmented 
pump therapy by 10.8% points (95% CI 8.2–13.5; p < 0⋅0001) [87]. 
Time spent in hypoglycemia was lower in the AID group than the control 
group and HbA1c also improved with HCL use. Furthermore, the use of 
ultra-rapid insulin analogues was successfully tested with the CamAPS 
FX closed loop system, with advantages in terms of reducing hypogly-
cemia [89]. 

Other unique advantages of the Cambridge algorithm are available 
safety and efficacy studies in two very vulnerable populations: pregnant 
women and very young children with T1D. Following a pilot trial 
showing feasibility and safety of HCL insulin delivery in children aged 
1–7 years with T1D using the Cambridge algorithm [90], the CamAPS 
FX HCL system was compared to SAP therapy in a multinational, 
multicenter, randomized, two-period, crossover trial including 74 very 
young children (mean ( ± SD) age: 5.6 ± 1.6 years, baseline glycated 
hemoglobin: 7.3 ± 0.7) [91]. Use of the CamAPs FX system significantly 
increased time in target range by 8.7% points compared with the SAP 
during the 16-week treatment periods. The difference in the glycated 
hemoglobin level was − 0.4% points. The time spent in a hypoglycemic 
state was similar with the two treatments. 

Aside from improving glycemic control, the focus of the recently 
published CLOUD study was on the preservation of beta cell function 
following HCL initiation within 6 weeks of diabetes onset [92]. In this 
multicenter, open-label, parallel-group, randomized trial, 10–17 
year-old children and adolescents were randomized within 21 days after 
a diagnosis of T1D to receive HCL therapy or standard insulin therapy 
(control) for 24 months. A total of 97 participants (mean±SD age, 12 ±
2 years) underwent randomization. The AUC for the C-peptide level at 
12 months (primary end point) did not differ significantly between the 
two groups, nor did the AUC for C-peptide level at 24 months. However, 
HbA1c levels in the HCL group were significantly lower at 12 (− 0,4%) 
and at 24 months (− 1,0%) compared with standard therapy (ST). 

4.5. Omnipod 5 automated glucose control system 

The current Omnipod 5® Automated Glucose Control System Pow-
ered by Horizon (Omnipod 5 system) is the third single-hormone HCL 
system to reach the marketplace, approved by FDA in January 2022, CE 
marked in Europe September 2022. The Omnipod 5 system is the only 
wearable, tubeless and waterproof insulin pump, referred to as a “Pod”, 
that is worn directly on the body and it is replaced every programmed 
72 h in connection with an AID system. The Pod contains the insulin 
cartridge and a MPC algorithm that wirelessy receives, interstitial 
glucose data measured by CGM (Dexcom® sensor), every 5 min. The 
algorithm processes the CGM data and it engages the Pod to deliver 
insulin micro-boluses every 5 min. A personal diabetes manager (PDM) 
or the app running on a special device are used to activate the pod, to 
switch to the automated mode, to program pump settings: glucose 
target, basal insulin scheme, insulin on board (IOB), the insulin-to- 
carbohydrate ratio (ICR) and the insulin correction factor (ICF) for the 
bolus calculator function) and to deliver insulin boluses. In the Omnipod 
5 System the automated basal doses are calculated on the estimated total 
daily insulin (TDI) dose from the last pod change (3 days). In contrast 
with other systems, it does not provide auto-correction bolus, but the 
glucose target is adjustable between 100 and 150 mg/dl with the pos-
sibility to program up to eight different targets during the day. The 
system is approved for age >2 or with a minimum insulin requirement of 
6 U/day [93,94]. 

In 2020, Sherr et al. tested the Ominipod 5 System (HCL) in 36 
youths and adults with T1D, during 96-h of free-living conditions, 
characterized by unrestricted meals and daily physical activity, in a 
supervised hotel/rental home[146]. Regardless of age, TIR was higher 
during the supervised setting compared with the following 7-days 
outpatient ST phase, reaching a statistical significance for both adoles-
cents and children (HCL 79% ± 12.6% vs ST 60.6% ± 13.4% in ado-
lescents and HCL 69.2% ± 13.5% vs ST 54.9% ± 12.9% in children). 
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This improvement was even more pronounced during the overnight 
period (23:00–07:00 h) with an increased absolute difference in TIR of 
8.4% in adults, 23.3% in adolescents and 20.4% in children. In partic-
ular, children experienced an important reduction of time spent in hy-
perglycemia (>180 mg/dl) during the overnight period, corresponding 
to an absolute reduction of 18.8%. Adolescents, experienced a higher 
reduction in time spent in hyperglycemia, both > 180 mg/dl and > 250 
mg/dl during the day, with an absolute decrease of 16.5% and 8.5% 
respectively. In youths, no differences were found in time spent in hy-
poglycemia (< 70 mg/dl) although at the overnight period, adolescents 
had an absolute decrease of TBR of 5.2% when using HCL. On the other 
hand, adults using HCL benefited of a significant reduction in TBR both 
< 70 mg/dl (absolute decrease of 3.2%) and < 54% (absolute decrease 
of 1%). 

The first outpatient, prospective clinical study to assess the safety 
and efficacy of the Omnipod 5 System, testing different glucose targets 
during 14-day HCL phase, in children (age 6–13.9 years) and adults 
(14–70 years) with T1D demonstrated that the system performed well at 
different targets [95]. Compared to the previous 14-day ST phase TIR 
was significantly higher in children during the following target periods: 
5-day free-choice, 72-h 130 mg/dl and 140 mg/dl . In adults, these 
differences were present only when the target was set at 130 mg/dl. 
Moreover, despite the use of the higher glucose target, TAR (>180 g/dl) 
was not significantly different from the ST phase. Informed by these 
promising results, despite the small size (only 36 subjects) and short 
duration of the study, a pivotal, multicenter, prospective, single-arm 
trial, including 235 subjects (111 children) was performed. 

A recent single-arm study tested the HCL system in 80 very young 
children (aged 2–5.9 years) [96]. Primary outcomes were the evaluation 
of HbA1c and TIR during 13-week of HCL study phase compared with 
14-day of ST phase. The system resulted safe with a good performance in 
very young children. HbA1c significantly decreased from 7.4 ± 1% at 
baseline to 6.9 ± 0.7% at the end of the study while TIR increased from 
57.2 ± 15.3% to 68.1 ± 9% with higher increase during overnight 
period (from 58.2% to 81.0%). In addition, the percentage of children 
achieving HbA1c < 7.0%, TIR> 60% and TIR> 70% was respectively 
54% (31% at the baseline), 83% and 44% (18% at the baseline). 
Regarding the safety outcomes, TBR< 70 mg/dL declined by median 
0.27% and TAR > 180 mg/dl decreased by 9.9 ± 10.5%. 

4.6. Combining new technologies and new pharmacological approach 

Current commercially available AID systems require users to manu-
ally enter prandial insulin boluses and signal exercise while automati-
cally modulating insulin delivery. Fully AID systems (fully closed-loop), 
which obviate the need for carbohydrate counting and manually initi-
ated prandial boluses, are under development at present, but the bene-
fits in reduced user burden come at the expense of glycemic control [97]. 
A fully automated AID system that eliminates the need for carbohydrate 
counting or meal announcement is highly anticipated for T1D and the 

use of faster insulin analogs within the AID system or adjunctive ther-
apies may make this approach more feasible in the future and is being 
increasingly investigated [89,98,99]. Table 4 presents some of the key 
studies evaluating AID glucose control with added adjunctive 
non-insulin therapeutics. 

The GLP1-RA liraglutide was added as a 1.8 mg dosage once daily to 
22 out of 44 overweight or obese T1D people with insulin pump therapy 
(CSII) for a duration of 26 weeks in a double-blind randomized protocol. 
While no difference in blinded CGM was found at the beginning, TIR 
increased significantly in the intervention group compared to placebo 
(57%vs. 45%; p = 0.044). While HbA1c did not decrease in the inter-
vention group, a difference was found compared with the control arm. 
The total insulin dose was reduced by 16% (p = 0.008) in the lira arm. 
Mean body weight was reduced by 6.3 kg (p < 0.001) compared with 
placebo [100]. 

There are currently few AID studies combined AID studies combined 
with non-insulin drugs are currently rare (Table 4), in the past some 
proof-of-concept-studies were done with small number of patients but 
promising results [101–103] with pramlintide and GLP1_RA. This newly 
dual approach with empagliflozin (EMPA) in an AID setting was used by 
Haidar et al. [104]. Counting carbohydrates and entering them correctly 
into the AID device led to a 14% higher postprandial glycemic control 
measured by TIR in this study. In this study EMPA added to AID had the 
potential reduce the need for carbohydrate counting but it does not 
allow for the elimination of meal announcement. The same group found 
the need for full carb counting reduced when using pramlintide in a 
special AID algorithm. In outpatient setting, there was no difference in 
TIR (70% ± 11%, 70% ± 13%) between meal announcement and full 
carb counting. Only placebo use during AID use and meal announcement 
only had a lower TIR (60% ± 13%) using Faster Aspart insulin in all 
arms [105]. A former publication from this group showed superiority of 
Fiasp when using a Pramlintide Co-AID-System [104]. 

A small single-dose randomized control trial in adolescents and 
young adults with type 1 diabetes using dapaglifolozin as an add-on a 
full closed-loop with two liquid meal challenges showed a similar 
improvement of 18% TIR in the intervention group compared to placebo 
over 24 h (68% ± 6% vs. 50% ± 13%; P < 0.001) [41]. This improve-
ment was seen also during fasting at night, where AID systems work 
best, (6.2 ± 0.7 vs. 7.3 ± 1.7 mmol/L; P = 0.003). As observed in the 
other SGLTi plus AID trial, daytime postprandial glucose peaks were still 
observed using full AID setting with and without SGLTi. In this full 
closed loop setting, ketone levels tended to increase with SGLTi prior to 
the meal challenges but returned to normal levels within 30 min after 
the intake of oral carbohydrates and resulting automated insulin 
delivery. 

Garcia-Tirado et al. [106] compared the use of EMPA versus no use in 
an AID or a PLGM setting. In both types of technical treatment, the 
intervention group had a significant higher TIR compared to no EMPA 
while the AID arm had a higher TIR also without the drug (PLGM 80% 
vs. 63%, +16.5%; p < 0.001; AID 81% vs 71% +9.9% p = 0.04) But also 

Table 4 
Current Studies Combining non-insulin pharmaceuticals and AID.  

Author Drug Study Participants Duration TIR outcome 

Haidar 2020 [157] Pramlintide Open-label crossover RCT 28 adults 3 
sequences 

+ 10% vs AID only 

Tsoukas 2021 
[158] 

Pramlintide three-way, randomized, blinded, 
crossover design 

7 adults 12 days no difference between meal + announcement and full 
carb counting + placebo; 
+ 10% compared to placebo and only meal 
announcement 

Biester 2020 [162] Dapagliflozin Double-blind cross-over RCT 15 adolescents and 15 
young adults 

Single dose + 18% 

Garcia-Tirado 2022 
[159] 

Empagliflozin Open-label cross-over in HCL 
and PLGS RCT 

34 adults 8 weeks AID + 9.9% 
PLGS + 16.5% 

Haidar 2022 [160] Empagliflozin 2 × 2 factorial RCT placebo, 
crossover 

24 adults 4 weeks AID+ 7.2% 
SAP + 17.5% 

RCT: Randomized Controlled Trial; AID: Automated Insulin Delivery; SAP: sensor-augmented pump; PLGS: predicted low glucose system 
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in this “protected” setting of a clinical trial one euDKA occurred. 
Recently, Haidar et al. [107] evaluated the use of AID with EMPA to 

AID without empagliflozin and to SAP with or without EMPA in a 2 × 2 
factorial placebo-controlled crossover RCT. The results of this study 
show that EMPA (25 mg/day) add-on therapy to AID systems signifi-
cantly increased TIR compared to placebo (paired difference 7.2% to-
wards AID+placebo and 17.5% towards SAP+placebo, P < 0.0001 for 
both comparisons), with no diabetic ketoacidosis or severe hypoglyce-
mia events occurred during the study period. Notably, higher ketone 
concentrations were more common in EMPA groups compared to pla-
cebo. Further investigations are needed on a broader scale and with a 
longer study duration to fully assess the potential of SGLT2 inhibitors in 
conjunction with modern AID systems. 

Although the automated insulin dosing might reduce the risk of an 
absolute insulin deficit by regulating the insulin, euDKA was previously 
described with AID [108]. Considering this risk for ketoacidosis when 
using SGLTi, a combined sensor measuring glucose and ketones in the 
subcutaneous tissue, which was announced by companies, might be an 
option to mitigate the risk on euDKA once this data is implemented into 
AID algorithms [109]. In addition, prevention of euDKA is possible 
today with the regular measurement of ß-hydroxybutyrate in serum. 

5. Conclusions 

Diabetes does not have a definitive cure today. Moreover, its man-
agement still offers evident limitations with most children, adolescents 
and young adults not reaching the recommended targets for glycemic 
control and assuming a considerable burden each day. Nevertheless, 
promising new advances in therapies, including more physiologic in-
sulin analogues, pioneering diabetes technology and new adjuvant drugs 
anticipate a new paradigm in diabetes management for the next few 
years and a better horizon for children and adolescents living with 
diabetes. 
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