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Abstract
This narrative review assesses the use of automated insulin delivery (AID) systems in managing persons with type 1 diabetes 
(PWD) in the pediatric population. It outlines current research, the differences between various AID systems currently 
on the market and the challenges faced, and discusses potential opportunities for further advancements within this field. 
Furthermore, the narrative review includes various expert opinions on how different AID systems can be used in the event 
of challenges with rapidly changing insulin requirements. These include examples, such as during illness with increased 
or decreased insulin requirements and during physical activity of different intensities or durations. Case descriptions give 
examples of scenarios with added user-initiated actions depending on the type of AID system used. The authors also discuss 
how another AID system could have been used in these situations.
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Introduction

Achieving optimal glucose management while minimizing 
hypoglycemia remains significant challenges among youth 
with type 1 diabetes. Recommendations regarding clinical 
targets for continuous glucose monitoring (CGM) interpreta-
tion have been proposed, including time in range (TIR) and 
time below range (TBR).1

Diabetes technology has evolved markedly over the last 
two decades, and rapid progress is ongoing. Education, train-
ing, and appropriate use of diabetes technologies are corner-
stones in achieving the proposed targets for optimal glycemic 
control.2 In adults with type 1 diabetes, CGM is considered a 
standard of care and an essential part of diabetes manage-
ment as it improves long-term glucose control up to 36 
months, regardless of the treatment modality.3 The develop-
ment of diabetes technologies and clinical outcomes linked 
to these devices have led to changes in the recommendations 
for youth with diabetes, recently published in the International 
Society for Pediatric and Adolescent Diabetes (ISPAD) 
guidelines.4 When target glucose settings are discussed, new 
goals are also mentioned in terms of fasting glucose values 
between 3.9 and 7.8 mmol/L (70-140 mg/dL),5 and among 
younger children under the age of 7, the use of time in tighter 
range (TITR) between 3.9 and 7.8 mmol/L (70-140 mg/dL) 
have been recommended where at least 50% of the CGM 

values should be within this tighter target or at least 70% 
within a glucose TIR of 3.9 to 10 mmol/L (70-180 mg/dL).6 
When considering this shift to TITR or additional glycemic 
targets, it is essential to approach this change with a patient-
centered focus and consider the potential psychosocial 
impact of a narrower target glucose range in persons with 
type 1 diabetes (PWD). With disparities in the current guide-
lines, additional research in this area is warranted.
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At the same time, some efforts are needed to address the 
potential threats from longstanding diabetes including pos-
sible brain damage and Alzheimer’s disease-related neurode-
generation.7 In a recent publication, an automated insulin 
delivery (AID) system was shown to increase specifically 
TITR, when settings were adjusted to the target of 5.5 
mmol/L (100 mg/dL) and 2 hours of active insulin with the 
MiniMed 780G system (Medtronic, Northridge, CA, USA).8

In Sweden, TITR has been used in pediatrics for more 
than 10 years, along with a lower HbA1c target of 48 mmol/
mol (6.5%) since 2017, contributing to a lower national mean 
HbA1c of 51.6 mmol/mol (6.85%) in 2022.9 A lower HbA1c 
target may generally motivate caregivers and families to 
make the most of their technology. In general, both CGM 
and AID systems are recommended to reduce the risk of 
hypoglycemia,10 and to improve glucose control.11 When 
CGM was added to continuous subcutaneous insulin infu-
sion (CSII) or multiple daily injections (MDI), user-initiated 
actions by the PWD were needed to optimize glucose con-
trol. The first AID system was created when the CGM formed 
one part of a system where the other part, an insulin pump, 
was equipped with an algorithm that automatically adjusted 
the pump’s basal rate. With an AID system, a new decision is 
made about the insulin dose, up to 288 times per day, regard-
less of whether it is day or night. Doses are increased if the 
glucose level rises and vice versa if it falls. Furthermore, 
basal insulin doses can be automatically stopped in the face 
of impending hypoglycemia. Results later showed that AID 
systems significantly improved glucose control more than 
what could previously be achieved—both day and night, and 
with a lower diabetes burden.

Among children and young PWD, the efforts to reach 
optimal glycemic outcomes are critical, given the metabolic 
memory and the risk of deteriorated glucose control, long-
term diabetes complications and the increased mortality that 
may otherwise occur in the future.12

This narrative review examines the current AID utiliza-
tion in pediatric type 1 diabetes, focuses on recent research 
findings, challenges, and potential opportunities. The review 
is limited to the following AID systems: CamAPS FXTM 
(CamDiab Ltd. Cambridge, UK), MiniMed 780GTM 
(Medtronic, Northridge, CA, USA), Omnipod 5TM (Insulet, 
Acton, MA, USA), and Tandem t:slim X2 with Control-IQ 
technologyTM (CIQ / Tandem, San Diego, CA, USA), Table 1.

Although the AID systems have similarities in frequently 
adjusting insulin delivery based on continuously generated glu-
cose values, the AID systems work differently in many aspects.

Therefore, training from health care professionals 
(HCPs) is required for the PWD for optimal use of these 
AID systems, including specific differences that exist 
between these various systems. Studies have revealed that 
unannounced meals13,14 and situations involving rapid 
changes in insulin requirements are a challenge.15 The 
AID systems offer some user-initiated adjustments, which 
can be crucial for overcoming rapidly changing insulin 

resistance. For example, these challenges may exist during 
an acute illness, such as a viral infection with a fever associ-
ated with increased insulin resistance. While on the other 
hand, gastroenteritis accompanied by reduced energy intake 
is often associated with decreased insulin resistance. In addi-
tion, exercises of different intensities and durations can also 
pose challenges for an AID system.

In this review, different cases will exemplify how the var-
ious AID systems can be used to achieve optimal glycemic 
outcomes in everyday life and during challenges such as 
acute illnesses or around physical activity.

Method

A literature search was conducted on January 21, 2024, in 
PubMed for articles published between January 2018 and 
December 2023, using keywords “Artificial pancreas”  
OR “Closed-loop” OR “Automated Insulin Delivery”  
AND “Type 1 diabetes mellitus” AND “Children” AND 
“Randomized OR Randomized controlled trial,” for reports 
in English only. We limited our analysis to studies of single 
hormone AID systems 24 h per day that were of 3-month 
duration or longer. Studies describing mean glucose values, 
brain development, and C-peptide were excluded. The 
remaining studies found are shown in Table 2.

AID Summarized Results, Challenges 
and Opportunities in Youth With 
Diabetes

Summarized Results

A total of 24 randomized trials met these criteria. In sum-
mary, AID systems were associated with improved  
glycemic outcomes including reduced HbA1c,21,22,26,27 
improved TIR,17,18,20,30-32,34,35,38-40 reduced time below range 
(TBR),21,28,36 and time above range (TAR),36 as reflected in 
the reviews published in 2023.41,42 These effects were seen 
regardless of the type of insulin,19 in different age ranges, 
below 6-7 years or 7-17 years,18,22,26,30,34,38 and regardless of 
baseline glycemic control.43

More significant benefits were seen among PWD, with 
elevated HbA1c levels above 86 mmol/mol (10%) at 
baseline.43

However, the benefits of AID technology are more exten-
sive than the improved overall glycemic control. Generally, 
the nocturnal period is most positively impacted by AID sys-
tems, with improved nocturnal TIR and decreased 
TBR.17,18,20,30-32,34,35,38-40 Consequently, sleep is also improved 
for many parents of children with diabetes,37,29 which is of 
significant clinical importance.

Furthermore, parameters reflecting psychosocial well-
being are often enhanced based on patient reported out-
comes33,37 including increased acceptance,16 independence,24,25 
reduced emotional burden,16,33 and anxiety.24
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Challenges
There are several challenges related to diabetes management 
in youth. Following the onset of diabetes, insulin needs are 
often low among preschool children. During school age, insu-
lin requirements vary depending on several factors, such as 
level of physical activity, illness, and stress. The daily varia-
tion in glycemia is evident.44 During puberty, the insulin 
requirements change noticeably and sometimes with hormonal 
influence as in the dawn phenomenon45 and menstruation.46 
The main physiological challenge an AID system faces is 
keeping up with the rapidly changing insulin requirements.

Opportunities
For most PWD, AID systems offer an opportunity for 
improved glucose control, but it is important to emphasize 
that knowledge of the system is essential for both HCPs and 
the PWD. Some manual inputs are required with each sys-
tem, such as adjusting target glucose values, Insulin 
Sensitivity Factor (ISF) and Insulin Carbohydrate Ratios 
(ICR), the time of insulin action, bolus speed, bolus steps, 
and using different predefined profiles, where possible.

Furthermore, the amount of carbohydrates (CHO) con-
sumed should still be announced to the system before the 
meal is consumed to optimize glycemia. However, the iLet 
pump is a recently approved AID system in the United States 

that does not require the PWD to enter the amount (grams) of 
CHO consumed, but rather to announce the meal (eg, break-
fast, lunch, or dinner and usual for me, more, or less for that 
meal type).

In the future, we also believe that adequate sleep will be 
further emphasized as a treatment goal since sleep affects the 
risk of developing cardiovascular complications and impacts 
overall quality of life.29,37 Sleep evaluation regarding quan-
tity and quality should regularly be performed among PWDs 
and their parents/caregivers.

Overall, AID use can help to increase the time set aside 
for various other tasks throughout the day.

AID Summarized Differences

Generally, each AID system works similarly to, but there are 
some key differences worth noting. It is essential to under-
stand these differences as they may offer opportunities to 
modify and further optimize overall glycemic outcomes.

AID Challenges and Opportunities With 
Increased Insulin Requirements During 
Illnesses

The challenge of any AID system is to adapt to a situation 
with a rapid change in glycemia and insulin sensitivity. For 

Table 1.  Overview of four AID Systems and Some of the Specific Functions.

System name CamAPS FX MiniMed 780G Omnipod 5 Tandem t:slim X2 CIQ

Algorithm CamAPS FX SmartGuard SmartAdjust Control IQ
Compatible CGM Dexcom G6 Libre 3 Guardian Link 3 Dexcom G6 Dexcom G6Dexcom G7
  Guardian Link 4 Libre 2 Plus
  Simplera Sync  
Algorithm Target 

Value
5.8 mmol/L Adjustable at 

different times of day and 
night, 4.4-11.0 mmol/L

5.5, 6.1, or 6.7 mmol/L Predictive target value (60 
minutes):

6.1, 6.7, 7.2, 7.8, or 8.3 mmol/L

Predictive target interval (30 
minutes): 6.2-8.9 mmol/L

Target value: 6.1 mmol/L
Higher Target 

Value
Adjustable 8.3 mmol/L 8.3 mmol/L 7.8-8.9 mmol/L

System 
Specifications

Ease off / Makes the algorithm 
more ‘relaxed’: Reduces 
insulin delivery considerable 
Stops insulin delivery if 
glucose < 7.7 mmol/L Raises 
glucose target temporarily 
(+2.5 mmol/L) Boost / 
Makes the algorithm more 
‘responsive’: Increases insulin 
delivery by ~35% Once 
glucose reaches target, boost 
will not push glucose lower 
than target.

Enabling 0.025U bolus 
increments will facilitate 
more fine-tuning with 
young children and small 
insulin doses.

Enabling faster bolus 
delivery will facilitate 
reduced postprandial 
hyperglycemia if bolus 
dose is activated a bit 
late.

If a correction bolus for 
hyperglycemia is added, 
the PWD should be 
recommended to use the 
SmartBolus calculator by 
tapping “Use Sensor” within 
the bolus calculator. The 
CGM trend is then included in 
its bolus calculation. By this, 
the SmartAdjust technology 
can add up to 30% more 
insulin to a suggested bolus to 
address hyperglycemia.

The optional Sleep Activity mode 
allows a more aggressive range 
of 6.1-6.7 mmol/L.

The optional Exercise Activity 
means a decreased dose if 
glucose values are predicted 
to be less than 7.8 mmol/L and 
stops if predicted lower than 
4.4 mmol/L Six different profiles 
are possible to preset and 
use at situations with shifting 
insulin requirements including 
individualized basal doses, ICR 
and ISF.

FDA Approval Age ≥7 years Age ≥2 years Age ≥6 years
CE-Mark (EU) Age ≥1 years Age ≥7 years Age ≥2 years Age ≥6 years
Therapeutic 

Goods 
Administration 
(TGA)

Age ≥1 years Age ≥7 years Age ≥6 years
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example, elevated glucose levels and ketones (preferably 
checked by blood ketones), may be the result of increases in 
insulin resistance caused by an acute infection or possibly 
by a pump site failure (eg, occlusion). In either case, a man-
ual dose of insulin should be given with an insulin pen or 
syringe, and the pump site should be changed. For addi-
tional details, a table with insulin dose recommendations 
depending on ketone levels was published in the ISPAD 
Clinical Practice Consensus Guidelines 2018: Sick day 
management in children and adolescents with diabetes for 
suggested actions.47

Different approaches to increasing the amount of insulin 
depending on the type of AID system used are described 
below.

CamAPS FX

TheCamAPS FX system works by setting extended boluses 
while setting the basal rate to zero. No immediate extra 
boluses are given. The glucose target is customizable in 
30-minute segments across 24 h from 4.4 to 11.0 mmol/L 
(80-198 mg/dL). The predictive algorithm calculates the 

insulin requirements for the next 2.5 to 4 h, and insulin deliv-
ery is adjusted every 8 to 12 minutes.

The algorithm will respond with increased insulin dosage 
caused by the increased insulin resistance after 2.5 to 4 hours. 
A decrease in ICR will give more insulin for meals, but ISF 
cannot be changed in automated mode. Manual corrections 
can be given via the bolus calculator, entering zero CHO. 
The system learns from previous insulin delivery and meal 
bolus information to adapt to daily, day-to-day, and post-
meal insulin needs.

If the user is unsatisfied with the amount of insulin, an 
alternative lower glucose target value can be entered to 
increase the dose besides using a “Boost” feature, meaning 
that the algorithm will deliver approximately 35% more 
insulin if hyperglycemia is experienced. Interestingly, the 
“Boost” function will stop when the algorithm predicts that 
the glucose level will reach the chosen glucose target value. 
Thus, two additional options exist to increase insulin doses.

MiniMed 780G

For the algorithm with the MiniMed 780G, the total daily 
insulin dose (TDD) and ISF are based on the actual insulin 

Table 2.  References From the Literature Search.

Author + Reference no
Population children/adults/mix  

age (range) number (n) AID system Trial design Study duration

Jill Weissberg-Benchell et al16 Mix age 6-83 years n=275 adults n=165 
children

iLet Bionic Pancreas RCT 13 weeks

Régis Coutant et al17 Children 6-12 years n=60 MiniMed 780G RCT 72 weeks
R Paul Wadwa et al18 Children 2-6 years n=102 Tandem CIQ RCT 13 weeks
Julia Ware et al19 Children 2-6 years n=25 CamAPS FX RCT cross-over 

Fiasp vs Iasp
16 weeks

Mercedes J Burnside et al20 Mix 7-70 years n=94 CamAPS FX RCT 24 weeks
Satish K Garg et al21 Mixed 2-80 years n=151 MiniMed 670G RCT 6 months
Laurel H Messer et al22 Children 6-17 years n=165 iLet Bionic pancreas RCT 26 weeks
Anthony Pease et al23 Mixed 12-25 years n=NA (simulations) MiniMed 670G HE analysis 3-6 months
Alison Roberts et al24 Mixed 12-25 years n=17 MiniMed 670G RCT 6 months
Barbara Kimbell et al25 Children 1-7 years n=74 CamAPS FX RCT 16 weeks
Thekla von dem Berge et al26 Children 2-14 years n=38 MiniMed 780G RCT 20 weeks
Julia Ware et al27 Children 6-18 years n=133 CamAPS FX RCT 6 months
Dulanjalee Kariyawasam et al28 Children 6-12 years n=21 Diabeloop for Kids RCT cross-over 13 weeks
Erin C Cobry et al29 Children 6-13 years n=49 Tandem CIQ RCT 16 weeks
Julia Ware et al30 Children 1-7 years n=74 CamAPS FX RCT 32 weeks
Eric Renard et al31 Children mean age 8.6 years n=122 Tandem CIQ RCT 18 weeks
Michael A Tsoukas et al32 Children Mean age 15.3 years n=135 MiniMed 630G Fiasp + 

pramlintide
RCT 6 months

Korey K Hood et al33 Mixed 14-29 years n=113 MiniMed 780G RCT cross-over 28 weeks
Melissa J Schoelwer et al34 Children 6-13 years n=100 Tandem CIQ RCT 16 weeks
Olivia J Collyns et al35 Mixed 7-80 years n=60 MiniMed 780G RCT 12 weeks
Richard M Bergenstal et al36 Mixed 14-29 years n=113 MiniMed 780G RCT cross-over 24 weeks
Erin C Cobry et al37 Children 6-13 years n=101 Tandem CIQ RCT 44 weeks
Lauren G Kanapka et al38 Children 6-13 years n=101 Tandem CIQ RCT 12 weeks
Elvira Isganaitis et al39 Mixed 14-24 years n=63 Tandem CIQ RCT 6 months
Marc D Breton et al40 Children 6-13 years n=101 Tandem CIQ RCT 16 weeks
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delivered every 24 hours. The insulin pump can only work 
with one calculated ISF during each 24 h period. The same 
target glucose level is used during the day and night.

Auto-corrections are given every 5 minutes when the max 
basal is reached and sensor glucose (SG) is > 6.7 mmol/L 
(120 mg/dL). These will be delivered a maximum of 12 
times/h and 8% of TDD during 45 minutes. The system targets 
6.7 mmol/L (120 mg/dL) for corrections and uses a model-
based prediction to estimate if a correction bolus will result in 
a glucose of < 4.4 mmol/L (79 mg/dL) in the next 2 hours. A 
decrease in ICR will give more insulin for meals, but ISF can-
not be changed in automated mode. Manual corrections may 
be provided by entering zero carbs with a bolus. The pump 
then calculates if it thinks that an extra bolus is appropriate.

If the user is unsatisfied with the amount of insulin recom-
mended, the PWD may enter an adjusted amount of CHO 
into the pump to get a suggestion of the dose that is desirable 
at the time, although this strategy is not recommended by the 
manufacturer.

Omnipod 5
Omnipod 5 AID system is tubeless. The SmartAdjust™ tech-
nology considers the person’s TDD, and for optimal start, an 
accurate setting of the same with an appropriate dose to create 
stable glucose control is important. Omnipod 5 modulates 
insulin every 5 minutes using the user’s customized target glu-
cose between 6.1 and 8.3 mmol/L (110-150 mg/dL). Based on 
a prediction of the glucose values 60 minutes ahead, the sys-
tem increases, decreases, or pauses basal insulin delivery 
every 5 minutes. An adaptive basal rate is calculated automati-
cally with every Pod change (every 72 hours) to adjust TDD to 
shifting insulin requirements. Besides the adaptation to the 
insulin requirement of the last Pod, the system uses a decaying 
weighted average of TDD and more heavily weights the previ-
ous four to five Pods when calculating the new adaptive basal 
rate. The system can deliver up to four times the adaptive basal 
rate to address a possible episode of hyperglycemia.

Target glucose values are adjustable from 6.1 to 8.3 
mmol/L (110-150 mg/dL) in 0.5 mmol/L (10 mg/dL) incre-
ments for different times of the day, and if needed, a lower 
target value could be entered to receive larger insulin doses. 
Furthermore, if a correction bolus for hyperglycemia is, it is 
recommended that the PWD use the SmartBolus calculator 
by tapping “Use Sensor” within the bolus calculator.

The CGM trend is then included in the bolus calculation. 
By using this feature, the SmartAdjust™ technology can add 
up to 30% more insulin to a suggested bolus to address 
hyperglycemia.

Tandem Control-IQ
With Tandem Control-IQ, the basal rate will be increased 
with higher predicted glucose values. However, the quickest 
way to increase insulin dosages is to switch to another per-
sonalized profile. In total, there are six possible alternative 

profiles) where the individual can use different preset pro-
files in the form of different basal rates, ICR, and ISF.

Thus, meal bolus and automated correction doses are 
increased besides an increased preset basal dose. Many users 
practice using a plus 30%, 50% and 100% profile with set-
tings that also allow increasingly higher meal doses and cor-
rection doses. Regardless of the profile, Control-IQ 
technology will continue with the same predictive algorithm 
where the estimated glucose value 30 minutes ahead in time 
controls the dosage every 5 minutes. If needed, a correction 
dose equivalent to 60% of the dose calculated via the set ISF 
is delivered up to once per hour if the value in 30 minutes is 
predicted to exceed 10 mmol/L (180 mg/dL). The manufac-
turer recommends different profiles with different aggressive 
settings instead of using “fake” CHO.

AID Challenges and Opportunities 
With Decreased Insulin Requirements 
During Acute Illnesses

With gastroenteritis, for example, the insulin requirements 
may decrease due to a limited CHO intake that may alsoraise 
ketone bodies (ie, “starvation ketones”). The insulin doses 
usually need to be decreased to avoid hypoglycemia. 
However, if the doses are decreased below the actual insulin 
requirements, ketones (preferably check blood ketones) may 
develop as a sign of insulin deficiency (ie, “deficiency 
ketones”). Any CHO intake is urgently needed (eg, sugary 
drink or candy), and small insulin doses can be given manu-
ally with the pump when SG has risen enough, approximately 
above 7 mmol/L (126 mg/dL) With an AID system, the user 
can adjust the bolus dose accordingly, but if the basal rate is 
not decreased enough, it may be better to switch to manual 
mode and set a temporary basal rate at approximately −50% 
to avoid insulin deficiency. With automated mode and hypo-
glycemia, it is important not to overtreat with CHO as this 
may cause the pump to increase the insulin delivery too much, 
causing recurrent episodes of hypoglycemia.

CamAPS FX
The predictive algorithm will probably decrease insulin 
delivery quickly since it calculates the requirements for the 
next 2.5 to 4 h and adjusts insulin every 8 to 12 minutes. An 
alternative glucose target can be used, in addition to different 
target values during various time intervals across all hours of 
the day. Besides this, the function “Ease off” can be added to 
reduce the risk of hypoglycemia. The “Ease off function has 
numerous effects on the control algorithm, including (1) 
increased glucose target by 2.5 mmol/L, (2) increased insulin 
sensitivity by 50%, and (3) suspended insulin delivery below 
a higher glucose threshold (7.7 mmol/L; 140 mg/dL).

It can be set for up to 24 h or planned to start at a specific 
time (ie, planned Ease-off).
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MiniMed 780G

The basal rate will be lowered or stopped with lower glucose 
values, but the sensitivity will be changed only once per 24 
hours. A temporary target of 8.3 mmol/L (150 mg/dL) can be 
used for more cautious insulin delivery as this prevents auto-
mated boluses. A temporary target can be set for a duration of 
time. With low glucose values, the pump may not suggest 
any meal bolus. Confirming these 0 U doses is still crucial as 
it will prepare the AID system for more active insulin dosing 
once the glucose rises. With starvation ketones, the best solu-
tion may be to enter CHO after approximately 10 minutes 
when the SG has started to rise and get an adequate insulin 
dose, although more research is warranted. Enabling 0.025 U 
bolus increments will facilitate more fine-tuning with young 
children and small insulin doses. The glucose target can be 
increased to 6.1 or 6.7 mmol/L (110 or 120 mg/dL) for less 
aggressive insulin dosing.

If frequent episodes of hypoglycemia occur, it may be bet-
ter to turn off automated mode and switch to manual mode, 
where predicted low glucose suspension (PLGS) will be 
active as long as the sensor is functioning. A reduced tempo-
rary basal rate can then be activated if needed.

Omnipod 5

A higher glucose target value can be used for gentler insulin 
administration. Additionally, the Omnipod 5 system’s 
“Activity feature” can be activated to reduce the amount of 
insulin delivered during exercise or, in this case, when 
reduced insulin delivery may be desired.

When the “Activity feature” is activated, the glucose tar-
get of 8.3 mmol/L (150 mg/dL) is used along with an adap-
tive basal rate.

Furthermore, the bolus calculator includes both CGM val-
ues and trend information to calculate the bolus doses.

Tandem CIQ

The basal rate will be lowered or stopped with predicted 
lower glucose values. However, the quickest ways to 
decrease insulin dosages is to switch to another profile with 
a lower basal rate and gentler insulin settings with: higher 
ICR and correction factors (ISF). The algorithm will then use 
these settings for the basal rate, meal boluses, or correction 
boluses. If the additional “Exercise mode” is activated, it will 
decrease the basal rate if the predicted SG is < 7.8 mmol/L 
(140 mg/dL) in 30 minutes and stop if < 4.4 mmol/L (79 mg/
dL). AID challenges and opportunities related to exercise 
Regular physical activity and exercise are associated with 
numerous health benefits in PWD.

More specifically, for PWDs using AID systems during 
exercise, the possibility to optimize glycemia increases, par-
ticularly overnight. Considering the large percentage of fac-
tors that affect glucose control during and after exercise,48 

the challenges are heightened, even with an AID system. 
Most studies on physical activity and type 1 diabetes, includ-
ing AID systems, have been conducted in an adult popula-
tion, but some have also been conducted in youth.49,50 
Recently, a publication by Zaharieva et al51 summarized the 
practical aspects of using AID systems during exercise.

Supplementary Material (Suppl. 1) highlights different 
exercise studies with various AID systems. Figure 1 summa-
rizes the current recommendations related to planned exer-
cise of varying intensities and durations and the practical 
strategies with these AID systems—all in the form of expert 
opinions.

Discussion

This review highlights some of the positive outcomes related 
to AID technology use among youth with type 1 diabetes. In 
addition, this review describes some specific challenges that 
PWD and their parents/caregivers continue to face with AID 
technology, followed by possible solutions. Some situations 
must be approached differently, depending on the AID sys-
tem used and the possibilities of manual individualized set-
tings. In general, knowledge and ability are required to carry 
out the necessary adjustments with various AID systems. For 
example, insulin delivery may need to be temporarily 
increased or decreased in response to acute illnesses or exer-
cise.—Moreover, the ISPAD consensus guidelines state that 
“It is recommended that youth be offered the most advanced 
insulin delivery technology that is available, affordable, and 
appropriate for them.”12 The term “affordable” in some 
countries may be related to the individual’s financial situa-
tion, while in other countries, it is about reimbursement via 
an insurance or national healthcare system, partially or fully 
paid by the state. When comparing an AID system with MDI 
treatment in combination with intermittently scanned CGM, 
health-economic advantages are described.23,52 An AID sys-
tem could be seen as an investment rather than a short-term 
cost given the clear advantages.

The National Institute for Health and Care Excellence 
(NICE) recommends a target HbA1c level of 48 mmol/mol 
(6.5%) or lower for people with type diabetes or an individu-
alized HbA1c level during pregnancy. At the same time, pre-
vention of hypoglycemia is promoted. Consequently, the 
committee stated that AID systems should be recommended 
for children and young people with diabetes.53

It is essential to have well-designed clinical studies 
involving children in the future. Such studies might benefit 
from including the lateral effects seen via AID systems, ie, 
the impact on parents and siblings where sleep and general 
time gain are important outcomes besides analyses of health 
economic parameters, including cost-effectiveness.

In this review, including the supplementary material, we 
have added expert opinions regarding special situations that, 
from a clinical perspective, include distinct challenges. The 
various AID systems have some differences, generating 
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varying solutions depending on the system used. To date, it 
has not been shown which of the AID systems works best in 
specific situations and the choice of treatment modalities are 
often influenced by the experience of the respective diabetes 
teams and users, rather than what has been evaluated in clini-
cal studies with the different systems. The concept of “one 
size fits all” may, for some HCPs, offer simplicity, but the 
fact remains: person-centered care is what is being sought. A 
more diversified use of this diabetes technology conse-
quently requires training of HCPs as well as PWDs. With 
this, we can achieve better clinical outcomes. Enhancing the 
user experience is essential, including tailoring diabetes 
devices for pediatric use and integrating psychosocial sup-
port into diabetes care models. Improvements to future AID 
systems, specifically for the pediatric population, may 
include improvements to specific components of the AID 
technology. New infusion sets must be developed to reduce 
the risk of skin problems related to adhesives. CGM systems 
need to be evaluated explicitly within a lower glucose and 
age range, including analyses of accuracy under different 
conditions (eg, during exercise or rapid changes in glucose). 
The AID system’s functionality and algorithms must be tai-
lored and approved for use in individuals with lower insulin 
needs. Simplified processes are needed, including announced 
meals instead of carbohydrate counting or automated down-
loads to the desired platforms for analysis. A higher degree of 
actionable alerts may be a future consideration for this popu-
lation. The regulatory perspective and the pathway for pedi-
atric-specific devices required more attention to ensure 
equitable access for broader populations.

Conclusion

Although glycemia may not be in the target range throughout 
every moment of the day, the AID systems represent a clear 
impact where not only does overall glucose improve signifi-
cantly compared with MDI and CSII but so does overall 
quality of life. We continue to gain experience regarding the 
adaptations of the various AID systems and new approaches 
will be tested to meet several of the challenges that PWDs 
face. In addition, technological advancements continue to 
offer promise in the future.

Abbreviations

AID, automated insulin delivery; CHO, carbohydrates; CGM, con-
tinuous Glucose Monitoring; CSII, Continuous subcutaneous insu-
lin infusion; HCP, health care professionals; A1c HbA1c, 
hemoglobin; ICR, insulin to carbohydrate ratio; ISF, insulin sensi-
tivity factor; ISPAD, International Society for Pediatric and 
Adolescent Diabetes; MDI, multiple daily injections; PWD, person 
with diabetes; PLGS, predictive low glucose suspension; TAR, 
time above range; TBR, time below range; TIR, time in range; 
TITR, time in tighter range; TDD, total daily dose.

Declaration of Conflicting Interests

The author(s) declared the following potential conflicts of interest 
with respect to the research, authorship, and/or publication of this 
article: PA has received honoraria for speaking engagements from 
Eli Lilly, Novo Nordisk, Sanofi, Dexcom, Insulet, Medtronic, 
Nordic InfuCare, Rubin Medical and Tandem, and is on an advisory 
board for Eli Lilly, Novo Nordisk, Sanofi, Insulet, Medtronic, and 
Roche. RH has received honoraria for work on an advisory board 

Figure 1.  Summarized overview of current recommendations related to planned exercise.



Adolfsson et al	 1331

for Abbot. DPZ has received honoraria for speaking engagements 
from Ascensia Diabetes, Insulet Canada, and Medtronic, and is on 
an advisory board for Dexcom; and has received an ISPAD_JDRF 
Research Fellowship and research support from Insulet and the 
Leona M, and Harry B. Helmsley Charitable Trust. KD received 
honoraria for participation in the speaker’s bureau of Abbott, Eli 
Lilly, Medtronic, NovoNordisk A/S, and Pfizer; and has received 
an ISPAD-JDRF Research Fellowship. JJ has received honoraria 
for speaking engagements from Eli Lilly, Boehringer Ingelheim, 
Nordic InfuCare, Novo Nordisk, Sanofi, and is on an advisory 
board for Abbott, Eli Lilly, and Medtronic.

Funding

The author(s) received no financial support for the research, author-
ship, and/or publication of this article.

ORCID iDs

Peter Adolfsson  https://orcid.org/0000-0001-7615-9737
Dessi P. Zaharieva  https://orcid.org/0000-0002-9374-8469
Johan Jendle  https://orcid.org/0000-0003-1025-1682

Supplemental Material

Supplemental material for this article is available online.

References

	 1.	 Battelino T, Danne T, Bergenstal RM, et al. Clinical targets 
for continuous glucose monitoring data interpretation: recom-
mendations from the international consensus on time in range. 
Diabetes Care. 2019;42(8):1593-1603.

	 2.	 Pintus D, Ng SM. Freestyle libre flash glucose monitoring 
improves patient quality of life measures in children with type 
1 diabetes mellitus (T1DM) with appropriate provision of edu-
cation and support by healthcare professionals. Diabetes Metab 
Syndr. 2019;13(5):2923-2926.

	 3.	 Šoupal J, Petruželková L, Grunberger G, et al. Glycemic out-
comes in adults with T1D are impacted more by continuous 
glucose monitoring than by insulin delivery method: 3 years 
of follow-up from the COMISAIR study. Diabetes Care. 
2020;43(1):37-43.

	 4.	 Cengiz E, Danne T, Ahmad T, et al. ISPAD Clinical Practice 
Consensus Guidelines 2022: insulin treatment in children and 
adolescents with diabetes. Pediatr Diabetes. 2022;23(8):1277-
1296.

	 5.	 de Bock M, Codner E, Craig ME, et al. ISPAD Clinical 
Practice Consensus Guidelines 2022: glycemic targets and glu-
cose monitoring for children, adolescents, and young people 
with diabetes. Pediatr Diabetes. 2022;23(8):1270-1276.

	 6.	 Sundberg F, deBeaufort C, Krogvold L, et al. ISPAD Clinical 
Practice Consensus Guidelines 2022: managing diabetes in 
preschoolers. Pediatr Diabetes. 2022;23(8):1496-1511.

	 7.	 Habes M, Jacobson AM, Braffett BH, et al. Patterns of 
regional brain atrophy and brain aging in middle- and 
older-aged adults with type 1 diabetes. JAMA Netw Open. 
2023;6(6):e2316182.

	 8.	 Castañeda J, Arrieta A, van den Heuvel T, Battelino T, Cohen 
O. Time in tight glucose range in type 1 diabetes: predic-
tive factors and achievable targets in real-world users of the 

MiniMed 780G system. Diabetes Care. 2024;47(5):790-797. 
doi:10.2337/dc23-1581.

	 9.	 Annual report 2022 from the Swedish National Diabetes 
Register, https://www.ndr.nu.

	10.	 Abraham MB, Karges B, Dovc K, et al. ISPAD Clinical 
Practice Consensus Guidelines 2022: assessment and manage-
ment of hypoglycemia in children and adolescents with diabe-
tes . Pediatr Diabetes . 2022;23(8):1322-1340.

	11.	 Sherr JL, Schoelwer M, Dos Santos TJ, et al. ISPAD Clinical 
Practice Consensus Guidelines 2022: diabetes technologies: 
insulin delivery. Pediatr Diabetes. 2022;23(8):1406-1431.

	12.	 Lind M, Odén A, Fahlén M, Eliasson B. The shape of the meta-
bolic memory of HbA1c: re-analyzing the DCCT with respect 
to time-dependent effects. Diabetologia. 2010;53(6):1093-
1098.

	13.	 Shalit R, Minsky N, Laron-Hirsh M, et al. Unannounced meal 
challenges using an advanced hybrid closed-loop system. 
Diabetes Technol Ther. 2023;25(9):579-588.

	14.	 Zanfardino A, Piscopo A, Gizzone P, et al. Adolescents with 
type 1 diabetes vs. hybrid closed loop systems: a case series 
of patients’ behaviour that challenges the algorithm. J Pediatr 
Endocrinol Metab. 2023;36(2):216-222.

	15.	 Sherr JL, Buckingham BA, Forlenza GP, et al. Safety and 
performance of the omnipod hybrid closed-loop system in 
adults, adolescents, and children with Type 1 diabetes over 
5 days under free-living conditions. Diabetes Technol Ther. 
2020;22(3):174-184.

	16.	 Weissberg-Benchell J, Vesco AT, Shapiro J, et al. Psychosocial 
impact of the insulin-only iLet bionic pancreas for adults, 
youth, and caregivers of youth with Type 1 diabetes. Diabetes 
Technol Ther. 2023;25(10):705-717.

	17.	 Coutant R, Bismuth E, Bonnemaison E, et al. Hybrid closed loop 
overcomes the impact of missed or suboptimal meal boluses 
on glucose control in children with Type 1 diabetes compared 
to sensor-augmented pump therapy. Diabetes Technol Ther. 
2023;25(6):395-403. doi:10.1089/dia.2022.0518.

	18.	 Wadwa RP, Reed ZW, Buckingham BA, et al; PEDAP Trial 
Study Group. Trial of hybrid closed-loop control in young chil-
dren with type 1 diabetes. N Engl J Med. 2023;388(11):991-
1001. doi:10.1056/NEJMoa2210834.

	19.	 Ware J, Allen JM, Boughton CK, et al. Hybrid closed-loop 
with faster insulin aspart compared with standard insu-
lin aspart in very young children with type 1 diabetes: a 
double-blind, multicenter, randomized, crossover study. 
Diabetes Technol Ther. 2023;25(6):431-436. doi:10.1089/
dia.2023.0042.

	20.	 Burnside MJ, Lewis DM, Crocket HR, et al. Extended use 
of an open-source automated insulin delivery system in chil-
dren and adults with type 1 diabetes: the 24-week continua-
tion phase following the CREATE randomized controlled trial. 
Diabetes Technol Ther. 2023;25(4):250-259. doi:10.1089/
dia.2022.0484.

	21.	 Garg SK, Grunberger G, Weinstock R, et al. Improved glyce-
mia with hybrid closed-loop versus continuous subcutaneous 
insulin infusion therapy: results from a randomized controlled 
trial. Diabetes Technol Ther. 2023;25(1):1-12. doi:10.1089/
dia.2022.0421.

	22.	 Messer LH, Buckingham BA, Cogen F, et al. Positive impact 
of the bionic pancreas on diabetes control in youth 6-17 years 

https://orcid.org/0000-0001-7615-9737
https://orcid.org/0000-0002-9374-8469
https://orcid.org/0000-0003-1025-1682
https://www.ndr.nu


1332	 Journal of Diabetes Science and Technology 18(6)

old with type 1 diabetes: a multicenter randomized trial. 
Diabetes Technol Ther. 2022;24(10):712-725. doi:10.1089/
dia.2022.0201.pub.

	23.	 Jendle J, Buompensiere MI, Ozdemir Saltik AZ, et al. A 
European cost-utility analysis of the MiniMed™ 780G 
advanced hybrid closed-loop system versus intermittently 
scanned continuous glucose monitoring with multiple daily 
insulin injections in people living with type 1 diabetes. 
Diabetes Technol Ther. 2023;25(12):864-876.

	24.	 Roberts A, Fried L, Dart J, et al. Hybrid closed-loop therapy 
with a first-generation system increases confidence and inde-
pendence in diabetes management in youth with type 1 diabe-
tes. Diabet Med. 2022;39(9):e14907.

	25.	 Kimbell B, Rankin D, Hart RI, et al. Parents’ experiences of 
using a hybrid closed-loop system (CamAPS FX) to care for 
a very young child with type 1 diabetes: qualitative study. 
Diabetes Res Clin Pract. 2022;187:109877.

	26.	 von dem Berge T, Remus K, Biester S, et al. In-home use of a 
hybrid closed loop achieves time-in-range targets in preschool-
ers and school children: results from a randomized, controlled, 
crossover trial. Diabetes Obes Metab. 2022;24(7):1319-1327. 
doi:10.1111/dom.14706.

	27.	 Ware J, Boughton CK, Allen JM, Wilinska ME, et al; DAN05 
Consortium. Cambridge hybrid closed-loop algorithm in 
children and adolescents with type 1 diabetes: a multicentre 
6-month randomized controlled trial. Lancet Digit Health. 
2022;4(4):e245-e255. doi:10.1016/S2589-7500(22)00020-6.

	28.	 Kariyawasam D, Morin C, Casteels K, et al. Hybrid closed-
loop insulin delivery versus sensor-augmented pump therapy in 
children aged 6-12 years: a randomized, controlled, cross-over, 
non-inferiority trial. Lancet Digit Health. 2022;4(3):e158-e168. 
doi:10.1016/S2589-7500(21)00271-5.

	29.	 Cobry EC, Bisio A, Wadwa RP, Breton MD. Improvements in 
parental sleep, fear of hypoglycemia, and diabetes distress with 
use of an advanced hybrid closed-loop system. Diabetes Care. 
2022;45(5):1292-1295. doi:10.2337/dc21-1778.

	30.	 Ware J, Allen JM, Boughton CK, et al; KidsAP Consortium. 
Randomized trial of closed-loop control in very young chil-
dren with type 1 diabetes. N Engl J Med. 2022;386(3):209-219. 
doi:10.1056/NEJMoa2111673.

	31.	 Renard E, Tubiana-Rufi N, Bonnemaison E, et al. Outcomes 
of hybrid closed-loop insulin delivery activated 24/7 versus 
evening and night in free-living prepubertal children with 
type 1 diabetes: a multicentre, randomized clinical trial. 
Diabetes Obes Metab. 2022;24(3):511-521. doi:10.1111/
dom.14605.

	32.	 Tsoukas MA, Majdpour D, Yale JF, et al. A fully artifi-
cial pancreas versus a hybrid artificial pancreas for type 
1 diabetes: a single-centre, open-label, randomized con-
trolled, crossover, non-inferiority trial. Lancet Digit Health. 
2021;3(11):e723-e732. doi:10.1016/S2589-7500(21)00139-4.

	33.	 Hood KK, Laffel LM, Danne T, et al. Lived experience of 
advanced hybrid closed-loop versus hybrid closed-loop: 
patient-reported outcomes and perspectives. Diabetes Technol 
Ther. 2021;23(12):857-861. doi:10.1089/dia.2021.0153.

	34.	 Schoelwer MJ, Kanapka LG, Wadwa RP, et al. Predictors of 
time-in-range (70-180 mg/dL) achieved using a closed-loop 
control system. Diabetes Technol Ther. 2021;23(7):475-481. 
doi:10.1089/dia.2020.0646.

	35.	 Collyns OJ, Meier RA, Betts ZL, et al. Improved glycemic out-
comes with medtronic minimed advanced hybrid closed-loop 
delivery: results from a randomized crossover trial comparing 
automated insulin delivery with predictive low glucose suspend 
in people with type 1 diabetes. Diabetes Care. 2021;44(4):969-
975. doi:10.2337/dc20-2250.

	36.	 Bergenstal RM, Nimri R, Beck RW, et al; FLAIR Study Group. 
A comparison of two hybrid closed-loop systems in adolescents 
and young adults with type 1 diabetes (FLAIR): a multicentre, 
randomized, crossover trial. Lancet. 2021;397(10270):208-
219. doi:10.1016/S0140-6736(20)32514-9.

	37.	 Cobry EC, Kanapka LG, Cengiz E, et al. Health-related quality 
of life and treatment satisfaction in parents and children with 
type 1 diabetes using closed-loop control. Diabetes Technol 
Ther. 2021;23(6):401-409. doi:10.1089/dia.2020.0532.

	38.	 Kanapka LG, Wadwa RP, Breton MD, et al. Extended use of 
the control-IQ closed-loop control system in children with type 
1 diabetes. Diabetes Care. 2021;44(2):473-478. doi:10.2337/
dc20-1729.

	39.	 Isganaitis E, Raghinaru D, Ambler-Osborn L, et al. Closed-
loop insulin therapy improves glycemic control in adolescents 
and young adults: outcomes from the international diabetes 
closed-loop trial. Diabetes Technol Ther. 2021;23(5):342-349. 
doi:10.1089/dia.2020.0572.

	40.	 Breton MD, Kanapka LG, Beck RW, et al; iDCL Trial 
Research Group. A randomized trial of closed-loop control in 
children with type 1 diabetes. N Engl J Med. 2020;383(9):836-
845. doi:10.1056/NEJMoa2004736.

	41.	 Zeng B, Gao L, Yang Q, Jia H, Sun F. Automated insulin deliv-
ery systems in children and adolescents with type 1 diabetes: a 
systematic review and meta-analysis of outpatient randomized 
controlled trials. Diabetes Care. 2023;46(12):2300-2307.

	42.	 Michou P, Gkiourtzis N, Christoforidis A, Kotanidou EP, 
Galli-Tsinopoulou A. The efficacy of automated insulin deliv-
ery systems in children and adolescents with type 1 diabetes 
Mellitus: a systematic review and meta-analysis of randomized 
controlled trials. Diabetes Res Clin Pract. 2023;199:110678.

	43.	 Forlenza GP, Breton MD, Kovatchev BP. Candidate selec-
tion for hybrid closed loop systems. Diabetes Technol Ther. 
2021;23(11):760-762.

	44.	 Dovc K, Boughton C, Tauschmann M, et al. Young children 
have higher variability of insulin requirements: observations 
during hybrid closed-loop insulin delivery. Diabetes Care. 
2019;42(7):1344-1347.

	45.	 Ostrovski I, Lovblom LE, Scarr D, et al. Analysis of preva-
lence, magnitude and timing of the dawn phenomenon in adults 
and adolescents with type 1 diabetes: descriptive analysis of 2 
insulin pump trials. Can J Diabetes. 2020;44(3):229-235.

	46.	 Mewes D, Wäldchen M, Knoll C, Raile K, Braune K. Variability 
of glycemic outcomes and insulin requirements throughout the 
menstrual cycle: a qualitative study on women with type 1 dia-
betes using an open-source automated insulin delivery system. 
J Diabetes Sci Technol. 2023;17(5):1304-1316.

	47.	 Laffel LM, Limbert C, Phelan H, Virmani A, Wood J, Hofer 
SE. ISPAD Clinical Practice Consensus Guidelines 2018: sick 
day management in children and adolescents with diabetes. 
Pediatr Diabetes. 2018;19(suppl 27):193-204.

	48.	 Riddell MC, Li Z, Gal RL, et al. Examining the acute glycemic 
effects of different types of structured exercise sessions in type 1 



Adolfsson et al	 1333

diabetes in a real-world setting: the Type 1 Diabetes and Exercise 
Initiative (T1DEXI). Diabetes Care. 2023;46(4):704-713.

	49.	 Dovc K, Bergford S, Fröhlich-Reiterer E, et al. A compari-
son of faster insulin aspart with standard insulin aspart using 
hybrid automated insulin delivery system in active children 
and adolescents with type 1 diabetes: a randomized double-
blind crossover trial. Diabetes Technol Ther. 2023;25(9): 
612-621.

	50.	 Dovc K, Macedoni M, Bratina N, et al. Closed-loop glucose 
control in young people with type 1 diabetes during and after 
unannounced physical activity: a randomized controlled cross-
over trial. Diabetologia. 2017;60(11):2157-2167.

	51.	 Zaharieva DP, Morrison D, Paldus B, Lal RA, Buckingham 
BA, O’Neal DN. Practical aspects and exercise safety benefits 
of automated insulin delivery systems in type 1 diabetes. 
Diabetes Spectr. 2023;36(2):127-136.

	52.	 Pease A, Callander E, Zomer E, et al. The cost of control: cost-
effectiveness analysis of hybrid closed-loop therapy in youth. 
Diabetes Care. 2022;45(9):1971-1980. doi:10.2337/dc21-
2019.

	53.	 Griffin TP, Gallen G, Hartnell S, et al. UK’s Association of 
British Clinical Diabetologist’s Diabetes Technology Network 
(ABCD-DTN): best practice guide for hybrid closed-loop ther-
apy. Diabet Med. 2023;40(7):e15078.


