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Abstract
Regular physical activity and exercise (PA) are cornerstones of diabetes care for individuals with type 1 diabetes. In recent 
years, the availability of automated insulin delivery (AID) systems has improved the ability of people with type 1 diabetes 
to achieve the recommended glucose target ranges. PA provide additional health benefits but can cause glucose fluctuations, 
which challenges current AID systems. While an increasing number of clinical trials and reviews are being published on 
different AID systems and PA, it seems prudent at this time to collate this information and develop a position statement 
on the topic. This joint European Association for the Study of Diabetes (EASD)/International Society for Pediatric and 
Adolescent Diabetes (ISPAD) position statement reviews current evidence on AID systems and provides detailed clinical 
practice points for managing PA in children, adolescents and adults with type 1 diabetes using AID technology. It discusses 
each commercially available AID system individually and provides guidance on their use in PA. Additionally, it addresses 
different glucose responses to PA and provides stratified therapy options to maintain glucose levels within the target ranges 
for these age groups.
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Introduction

Regular moderate-to-vigorous physical activity and exercise 
(PA) can be beneficial for managing type 1 diabetes [1, 2]. 
While previous position statements have provided guidance 
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on glucose management during exercise based on glycaemic 
trends and continuous glucose monitoring (CGM) (Fig. 1 
[1–4]), recommendations on using current commercially 
available automated insulin delivery (AID) systems for PA 
are limited [5–8]. The general glucose responses to PA and 
considerations for insulin dose changes and carbohydrate 
(CHO) intake, as shown in Fig. 1, lay the foundation for the 
general principles of AID use described below.

In general, people with type 1 diabetes with lower incomes 
often face numerous challenges that limit their opportunities to 
adopt technology, including access to insulin pump therapy and 
CGM systems, not to mention AID systems [9]. Although the 
prevalence of type 1 diabetes is increasing globally, it is esti-
mated that only 800,000 individuals are currently using AID 

systems [10], with significant regional differences in access 
and insurance support. People with type 1 diabetes using AID 
technology often face significant challenges around meals [11, 
12] and PA, both planned and unplanned [8]. Furthermore, 
several barriers to PA exist (e.g. fear of hypoglycaemia) that 
may increase the risk of diabetes distress [13]. At present, AID 
users are required to manually announce meals and adjust for 
anticipated PA. Some of the technical limitations include a 
CGM ‘lag time’ between blood and interstitial glucose con-
centrations with rapid changes in glucose levels [14–19]. In 
this joint European Association for the Study of Diabetes 
(EASD)/International Society for Pediatric and Adolescent 
Diabetes (ISPAD) position statement, we discuss the exist-
ing evidence on commercially available AID systems around 

Fig. 1   This figure provides a general overview of glucose trends and 
exogenous insulin and carbohydrate intake requirements in response 
to PA in people with type 1 diabetes and does not completely reflect 
the variability that may exist within and between each individual and 
in different PA types. The average glucose responses to exercise (top 
row) are highly variable based on several factors including insulin on 
board, baseline glucose, glucose rate of change, time of day, fitness 
level, prandial state, fasted state and menstrual cycle phase [21, 67, 
69]. People with type 1 diabetes should understand their individual 
responses to different types of activity [69] and in different set-
tings (e.g. morning vs afternoon [22], practice vs competition [70]). 

Strategies can then be individualised based on their average glucose 
responses. No one PA can be associated with one glucose trend; 
however, activities shown in the upper left panel tend to result in 
the glucose trends in the first two columns; activities shown in the 
upper right panel tend to result in the glucose trends in the last two 
columns; and activities shown in the middle panel can result in the 
glucose trends in the middle three columns. When considering an 
increase in insulin dose around PA, this should be discussed with 
the healthcare professional and care team, as only a few studies have 
investigated higher insulin doses for exercise. This figure is available 
as part of a downl​oadab​le slide​set

https://static-content.springer.com/esm/art%3A10.1007%2Fs00125-024-06308-z/MediaObjects/125_2024_6308_MOESM2_ESM.pptx
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PA and provide recommendations for managing a physically 
active lifestyle in children, adolescents and adults with type 1 
diabetes. For additional information on emerging AID technol-
ogy for use in type 1 diabetes, see electronic supplementary 
material (ESM 1). This position statement is intended for both 
healthcare professionals and individuals with type 1 diabetes 
and aims to provide strategies for effective glucose manage-
ment around planned and unplanned PA. Self-management of 
PA is often challenging for individuals with type 1 diabetes, no 
matter what type of insulin therapy they are using. This docu-
ment provides a comprehensive overview of PA and current 
AID systems that will serve as a starting point to better manage 
PA safely and effectively.

Methods used for group consensus

The writing group members were selected by OM and MCR 
(4 October 2023) based on publication record and/or clinical 
experience in the field of AID and PA and approved by the 
EASD (7 May 2024; see ESM 2). Following initial discussions 
with specific members of the writing group (OM, DPZ, SEH, 
JKM, CM, HS, MCR), a first draft was produced by the co-first 
authors (OM and DPZ) and circulated to the writing group for 
further discussions and feedback (5 April 2024). Consensus 
meetings were held online on 21 and 22 May 2024 and con-
sensus was obtained by means of the Delphi technique. After 
consensus feedback from co-authors was addressed and con-
sensus was met, an updated version of the position statement 
was sent to three individuals with type 1 diabetes, three parents 
of children/adolescents with type 1 diabetes and three experts 
working in the field of PA and type 1 diabetes (14 June 2024). 
After consideration of their comments, the final version of the 
joint EASD/ISPAD position statement was sent to the writing 
group for approval (30 August 2024). The document was then 
reviewed by EASD’s Committee on Clinical Affairs (CCA) 
and endorsed by the Boards of EASD and ISPAD.

Data sources, searches and study selection

The writing group used previous position statements as guid-
ance for the current position statement [1–4]. A literature 
search was conducted by two independent researchers (OM 
and DPZ) in PubMed, EMBASE and The Cochrane Library 
for publications involving AID systems and PA in children/
adolescents and/or adults with type 1 diabetes. Details on the 
keywords and the search strategies are available in ESM 3.

The strengths of the recommendations in this position 
statement are categorised as A–D. Additionally, ‘consen-
sus D’ reflects clinical experience of respected authorities 
(see ESM 1 for further details).

Consensus recommendations

We recommend five key strategies for PA and diabetes 
management when using AID technology (see Text box, 
‘Consensus recommendations for PA and AID in type 1 
diabetes’). The authors generalise that these consensus 
recommendations will work for a majority but not all types 
of PA [20] (consensus D).

Consensus recommendations for 
PA and AID in type 1 diabetes

For planned PA, set a higher glucose target 1–2 h 

before activity if a decrease in glucose or stable 

glucose is expected during the activity [25, 26, 

46, 51] (A) or maintain a regular or lower 

glucose target if a glucose increase is expected 

(D). 

For planned PA within 2 h of a CHO-rich meal, 

reduce the prandial bolus insulin dose by 25–

33% if a decrease in glucose is expected during 

the activity [25, 26] (A). Setting a higher glucose 

target should be initiated first before reducing 

the prandial bolus insulin dose [26, 31] (D). 

Pay close attention to CGM readings and trend 

arrows and initiate small amounts of fast-acting 

CHO intake (3–20 g) if sensor glucose is <7.0 

mmol/l during the activity [31] (D). The 

overconsumption of CHO may result in a rise in 

glucose and possibly an AID-predicted 

hyperglycaemic event, which would result in 

increased automated insulin delivery and 

possible subsequent increased risk for 

hypoglycaemia during or immediately after the 

activity.

For unplanned PA, set a higher glucose target 

immediately at the onset of activity if a decrease 

in glucose or stable glucose is expected and 

consume 10–20 g of fast-acting CHO if sensor 

glucose is <7.0 mmol/l [6, 7] (D), or maintain a 

regular or lower glucose target if a glucose 

increase is expected (D). 

Where possible, plan for PA when insulin on 

board is low [63], such as before meals or in the 

fasted state [41] (B). Further, low-intensity PA is 

also recommended when glucose levels are

elevated after meals, as these activities tend to 

bring elevated glucose concentrations to within 

a target range [64, 65] (C). However, PA should 

be avoided if glucose is >15.0 mmol/l and blood 

ketones are >1.5 mmol/l [4] (D).

1
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General principles of AID, physical activity 
and exercise

As a wide range of exercise types (and activity settings) exist, 
different recommendations for PA are necessary depending 
on the type of activity performed and whether that activity is 
planned or unplanned (Table 1) [6–8]. These general recom-
mendations can serve as starting points that can be incorpo-
rated into each specific AID system. Most AID systems have 
the option to alter (i.e. raise and/or lower) the target glucose 
value before, during and after PA, which can help maintain 
glucose levels in the target range. Depending on the AID 
system being used, the feature that raises the glucose target 
(or range) is sometimes called exercise mode, activity mode, 
activity feature, physical activity mode or temporary target; 
however, for simplicity, we use the term ‘higher glucose tar-
get’ for this feature in this position statement.

Overall, a challenge of AID systems around PA is pre-
venting an increase in algorithm-derived automated insulin 
delivery before the onset of exercise when the sensor glucose 
value is rising or already elevated because of a CHO snack 
or a reduction in prandial insulin delivery before the activity. 
However, if a higher glucose target is set prior to performing 
a manual prandial (bolus) insulin reduction and/or consuming 
an ‘uncovered snack’ (i.e. a snack without prandial insulin 
administered), this effect is likely to be attenuated. Another 
challenge during PA and instances of hyperglycaemia is that 
some AID systems do not restrain insulin delivery effectively 
enough and/or they continue to give automatic insulin cor-
rection doses during PA, even if a higher glucose target is set. 
While we recommend keeping the AID system in automated 
mode during PA, in cases where the device still results in 
PA-related hypoglycaemia, we acknowledge that placing the 
AID system in manual mode before the activity begins may be 
necessary. We also acknowledge that suspending with or with-
out disconnecting the AID system may be required in some 
settings, which may require an alternative insulin delivery 
method (such as taking insulin by injection or by reconnecting 
the insulin pump and giving a manual bolus intermittently).

Strategies for glucose management around PA with AID 
systems may also differ based on the timing and nature of the 
activity and whether that activity is planned or unplanned 
(Tables 1, 2 and 3). For example, following an overnight fast 
or before a high-intensity sprint activity, a higher glucose 
target may be set close to the start of PA or may not be neces-
sary at all [21–24] (D); however, more research in this area is 
warranted [21]. For planned PA after a meal (up to 2 h after 
a meal), a higher glucose target should be set first, where 
possible, followed by performing a prandial bolus insulin 
reduction (e.g. around 25–33% reduction) to help reduce 
prandial insulin on board (IOB) and the risk of hypoglycae-
mia (see ESM 1 for more details on IOB). In situations where 
the planned activity occurs more than 2 h after a meal, the 

higher glucose target should be set between 1–2 h before-
hand and maintained until the end of the activity [25, 26] 
(A). For unplanned activity, AID systems may provide some 
protection against exercise-induced hypoglycaemia relative to 
other insulin delivery modalities when basal insulin delivery 
is fixed, but CHO intake is typically required, and to a greater 
extent, compared with planned activity [27]. As such, a rec-
ommendation for unplanned activity is still to set a higher 
glucose target from the start until the end of activity.

If glucose levels drop below 7.0 mmol/l during PA, 
even with a higher glucose target set, we recommend that 
small amounts of fast-acting CHO be consumed based on 
the CGM trend arrow (see below), without announcing it 
to the AID system [7, 28–31] (C):

•	 3–6 g for a horizontal trend arrow
•	 6–9 g for a slightly decreasing trend arrow
•	 9–12 g for a decreasing trend arrow
•	 12–20 g for two or three decreasing trend arrows

We also recommend checking the sensor glucose around 
20–30 min after CHO consumption and repeating treatment 
if necessary [4] (D). For the post-exercise period, the higher 
glucose target should be stopped at the end of PA [32, 33], 
however, exceptions to this rule may exist, such as after an 
unusually active day or when post-exercise late onset hypo-
glycaemia persists [31, 34] (C).

AID‑specific recommendations

AID-specific recommendations are listed alphabetically by 
company.

Beta Bionics iLet Bionic Pancreas

The iLet insulin-only Bionic Pancreas system’s glucose 
targets can be set to 6.1 (lower), 6.7 (usual) or 7.2 mmol/l 
(higher). Unlike other AID systems, the iLet is initialised 
based only on bodyweight and does not require discrete 
CHO input for meals; instead, users employ a qualitative 
approach to meals indicating if meal sizes are ‘Usual for me’, 
‘More’ or ‘Less’. The system delivers ~75% of the estimated 
insulin needs for a meal immediately and will automatically 
increase or decrease additional basal or correction insulin 
dosing in the postprandial period as needed. Correction 
doses are provided by the system and the user cannot over-
ride it to give a manual dose of insulin. In this AID system, 
IOB is estimated using a fixed model of insulin absorption 
into the blood and clearance from the blood that considers 
all correction boluses and meal boluses. IOB is computed 
every 5 min based on an assumed peak time of insulin in the 
blood after administration (tmax) of 65 min. Unlike most 
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other AID systems, the duration of insulin action cannot be 
adjusted by the user.

Evidence on glucose management around PA with the iLet 
system  To date, the iLet system has been tested only in 

clinical trials of physically active youth and adults with type 
1 diabetes, with no formal evaluation of how it performs dur-
ing and after PA [35, 36]. Nonetheless, several exercise stud-
ies on earlier system designs, including dual-hormone (i.e. 
glucagon and insulin) configurations, have been conducted 

Table 1   General considerations for PA with AID systems

Information Considerations for PA

CGM trend arrow • Try to start an activity under stable glucose conditions (e.g. horizontal trend arrow) [63] (D)
• Immediate postprandial PA increases hypoglycaemia risk [26, 31, 50, 66]; pay close attention 

to CGM trend arrows and initiate CHO intake if glucose drops <7.0 mmol/l (C)

Modification of glucose target (i.e. exercise 
announcement)

• Aim to set a higher glucose target 1–2 h before PA if a decrease in glucose is expected [25, 26, 
46, 51] (A)

• Setting a higher glucose target at activity onset is less likely to be effective at reducing hypo-
glycaemia risk, but is still encouraged, particularly when activity is prolonged (e.g. >30 min) 
(consensus D)

• Exercise announcement (i.e. higher glucose target) may not be needed in all situations (i.e. if an 
increase in glucose is expected) [22, 23, 41] (D)

Insulin on board (IOB) • Higher IOB is a predictor of hypoglycaemia risk during PA [63, 67, 68]; however, the calcula-
tion and display of IOB depends on the AID system used and various user settings

• IOB displayed on an AID system does not accurately reflect peak insulin action, which typically 
occurs 1–2 h after the prandial bolus dose (see ‘Exercise time of day and prandial status’ below)

• In general, aim for low IOB at onset of PA if a decrease in glucose is expected during activity 
[63, 67, 68] (C)

• Consider the unadjusted/regular prandial dose and/or insulin delivery settings if an increase in 
glucose is expected [23, 41] (D)

Carbohydrates (CHO) • Optimise the type of CHO that works best for an individual to maintain glucose levels between 
7.0 and 10.0 mmol/l (e.g. fast-acting CHO to treat or prevent hypoglycaemia; low glycaemic 
index CHO for meal pre exercise) (consensus D)

• Consume CHO in small amounts (10–20 g) just before PA if sensor glucose is <7.0 mmol/l 
before unplanned PA, or as needed during PA (e.g. every 30 min)

• Determine the threshold at which to consume CHO (e.g. <7.0 mmol/l) [4, 7, 28, 30, 31]. Over-
consumption of CHO to treat hypoglycaemia may result in rebound hyperglycaemia followed 
by AID-induced hypoglycaemia during activity; consider consuming around 12–20 g CHO if 
hypoglycaemia occurs during activity (consensus D)

• Always have fast-acting CHO available to prevent or treat hypoglycaemia
• Consider carrying emergency supplies (e.g. glucagon) to treat severe hypoglycaemia
• Various factors can impact the intra-individual amount of CHO intake needed around PA (e.g. 

menstrual cycle, hormones, puberty)

Exercise time of day and prandial status • Reduce the prandial bolus insulin dose (by 25–33%) for meals consumed <2 h prior to PA 
when a decrease in glucose is expected during the activity [25, 26, 50] (A)

• Employ the usual prandial bolus insulin dose for meals before PA when an increase in glucose 
is expected during the activity [22, 23, 41] (D)

• In general, morning fasted PA is not associated with a large drop in glucose levels and may 
promote a rise compared with other times of the day (i.e. may be safer for hypoglycaemia risk 
mitigation) [67] (C)

Placement of insulin pump and CGM devices • Based on activity type and user experience, consider location of the infusion set and CGM 
placement in areas less likely to fail (e.g. fall off) [4] (D)

• Consider additional adhesives or overlay tape to protect devices during activity [4] (D)
• Consider placing the insulin infusion set further away from actively working skeletal muscle 

(consensus D)

Blood glucose and blood ketone monitoring • Have a glucose meter readily available (e.g. in case of CGM failure or malfunction, to confirm 
sensor glucose level) [4, 14, 15, 17, 19] (D)

• Have a blood ketone meter (or urine ketone strips) available if the PA is prolonged or intense [4] (D)
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Table 2   General AID strategies for planned PA based on pre-exercise starting glucose concentrations

a Consider 25–33% reduction in prandial bolus insulin with the following meal after PA. For unplanned PA, the frequency of CHO intake is gen-
erally expected to be higher and closer to the upper limit of CHO amount recommendations than that for planned PA
b If PA occurs after a meal where a prandial bolus dose is delivered, set the higher glucose target before performing the prandial bolus reduction
CGM, continuous glucose monitoring (A–D); DKA, diabetic ketoacidosis

Before PA (1–2 h before) During PA (every 20–30 min) After PAa

Glucose level Strategy

>15.0 mmol/l
or
Previous history 

where increase in 
glucose expected 
during PA

• May not need higher glucose target
• Usual prandial insulin dose before 

PA
• If glucose >15.0 mmol/l (and symp-

toms of DKA exist), check infusion 
site for any noticeable causes of 
blockages, such as kinked tubing or 
pressure/discomfort at infusion site, 
and test for ketones

• If glucose <7.0 mmol/l, consume 
3–20 g CHO depending on CGM 
trend arrow

• If glucose >15.0 mmol/l after PA, 
resume usual settings and continue to 
monitor ketones and glucose levels

5.0–15.0 mmol/l • Start higher glucose targetb
• If PA occurs <2 h after meal, 

perform 25–33% prandial bolus 
reduction

• If glucose 5.0–15.0 mmol/l after PA, 
resume usual settings

<5.0 mmol/l
or
Previous history 

where decrease in 
glucose expected 
during PA

• Start higher glucose targetb
• If PA occurs <2 h after meal, 

perform 25–33% prandial bolus 
reduction

• CHO (10–20 g) snack at PA onset 
with no prandial insulin

• If glucose <5.0 mmol/l, consider 3–20 
g CHO and maintain higher glucose 
target for up to 2 h post PA

Table 3   General AID strategies for unplanned PA based on pre-exercise starting glucose concentrations

a Consider 25–33% reduction in prandial bolus insulin with the following meal after PA. For unplanned PA, the frequency of CHO intake is gen-
erally expected to be higher and closer to the upper limit of CHO amount recommendations than that for planned PA
b If PA occurs after a meal where a prandial bolus dose is delivered, set the higher glucose target before performing the prandial bolus reduction
CGM, continuous glucose monitoring (A–D); DKA, diabetic ketoacidosis

At PA onset During PA (every 20–30 min) After PAa

Glucose level Strategy

>15.0 mmol/l
or
Previous history 

where increase in 
glucose expected 
during PA

• May not need higher glucose target
• If glucose >15.0 mmol/l (and symp-

toms of DKA exist), check infusion 
site for any noticeable causes of 
blockages, such as kinked tubing or 
pressure/discomfort at infusion site, 
and consider testing for ketones

• If glucose <7.0 mmol/l, consume 
3–20 g CHO depending on CGM 
trend arrow

• If glucose >15.0 mmol/l after PA, 
resume usual settings and continue to 
monitor ketones and glucose levels

5.0–15.0 mmol/l • Start higher glucose target until end 
of PAb

• May consider CHO (10–20 g) snack 
at PA onset with no prandial bolus 
insulin

• If glucose 5.0–15.0 mmol/l after PA, 
resume usual settings

<5.0 mmol/l
or
Previous history 

where decrease in 
glucose expected 
during PA

• Start higher glucose target until end 
of PAb

• CHO (10–20 g) snack at PA onset 
with no prandial bolus insulin

• If glucose <5.0 mmol/l, consider 3–20 
g CHO and maintain higher glucose 
target for up to 2 h post PA
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[37–39]. Therefore, recommendations (Fig. 2) are given 
based primarily on studies from other AID systems with 
considerations on how the iLet system may be adjusted for 
PA (all recommendations are level D).

Recommendations for glucose management around PA with 
the iLet system  The iLet system currently does not have a 
feature to allow a higher glucose target to be set prior to PA 
to help reduce the risk of hypoglycaemia during an activity. 
However, if using a glucose target of 6.1 or 6.7 mmol/l as 
the ‘usual target’, one option for PA may be to switch the 
glucose target to 7.2 mmol/l, ideally 1–2 h before the activity 
(consensus D). Users must remember to return the glucose 
target back to the usual target following PA. The prandial 
bolus insulin dose can be reduced for a pre-exercise meal 
bolus only by entering a smaller meal size into the device 
(i.e. select ‘Less’ rather than ‘Usual for me’), which effec-
tively reduces the bolus insulin dose by 50%.

One other point to consider is whether to leave the iLet 
connected during PA or whether it should be suspended with 
or without disconnecting the pump during some PA where 
the risk for hypoglycaemia is elevated. This approach may 
need to be personalised to the individual and the PA type and 
intensity (consensus D). Without the current option of set-
ting a glucose target >7.2 mmol/l, in instances of increased 
hypoglycaemia risk, key strategies for this AID system 
around PA include (1) frequent checking and monitoring 
of real-time CGM values and trends pre, during and post 
exercise; (2) having fast-acting CHO readily available to 
prevent or treat hypoglycaemia; and (3) aiming to limit the 
amount of CHO on board before PA when possible, to avoid 
increases in automated insulin delivery (consensus D). For 
individuals aiming to consume uncovered CHO before PA, 
one strategy is to consume CHO after suspending and dis-
connecting the iLet system, to avoid increases in automated 
insulin delivery (consensus D).

CamDiab mylife CamAPS FX

The mylife CamAPS FX system allows a glucose target 
between 4.4 and 11.0 mmol/l to be set, with a default target 
of 5.8 mmol/l. Insulin delivery using auto-modulated insulin 
release based on the algorithm and manual correction doses 
is possible in auto-mode but is not recommended unless fol-
lowing an infusion set occlusion or similar.

In this system, any bolus insulin given through the bolus 
calculator (correction or meal related) counts towards IOB 
(displayed as ‘Active Insulin’). The active insulin time that is 
displayed to the user can be set between 2 and 8 h; however, 
the real active insulin time used by the algorithm is subject 
to adaptive learning and is automatically adjusted. Basal 
rate or algorithm-directed insulin delivery does not count 

towards IOB, and the programmed duration of insulin action 
does not affect the algorithm-directed insulin delivery. A 
realistic view of IOB can be visualised by turning the mobile 
phone to landscape (horizontal mode), which allows the last 
bolus dosing and pharmacokinetic profile of the basal rate 
of insulin delivery to be seen.

Two additional features are available in the mylife 
CamAPS FX system: the ‘Ease-off’ mode, which delivers 
less insulin, raises the glucose target and suspends insulin 
delivery if glucose levels are <7.0 mmol/l; and the ‘Boost’ 
mode, which increases the algorithm responsiveness to 
higher glucose levels by up to ~35% while maintaining 
the same glucose target.

Evidence on glucose management during PA with the mylife 
CamAPS FX system  Previous studies performed in children and 
adolescents with type 1 diabetes using the mylife CamAPS 
FX system demonstrated that use of the Ease-off mode for PA 
resulted in safe glucose levels during PA [31, 34]. Specifically, 
increasing the glucose target to 8.3 mmol/l and simultaneously 
starting the Ease-off mode 2 h before maximum cardiopul-
monary exercise testing resulted in stable glucose levels in 
young people with type 1 diabetes (start 10.7±3.1 mmol/l vs 
end 10.5±3.1 mmol/l; p=0.69) [34]. In a ski camp study per-
formed in children and adolescents with type 1 diabetes, it was 
also shown that starting the Ease-off mode 2 h before exercise 
was suitable for avoiding hypoglycaemia [31].

Recommendations for glucose management around PA with 
the mylife CamAPS FX system  To reduce the risk of hypogly-
caemia during activity, we suggest setting the Ease-off mode 
and/or increasing the glucose target 1–2 h before PA [31, 
34] (C); this may be especially relevant in instances of high 
IOB or during aerobic exercise [40] (D). We recommend 
using the Boost mode if an increase in glucose is expected 
during PA [8] (D) (e.g. during high-intensity sprinting in the 
fasted state [41] (D)). If deemed useful by the user, caregiver 
or healthcare professional, both the Ease-off and the Boost 
mode can be pre-programmed in this system to automati-
cally start and end at a predefined time when PA is expected, 
as described in Fig. 3.

For unplanned, low- to moderate-intensity PA, where a 
decrease in glucose levels is expected and the glucose level 
is already in a reasonable target range for PA (e.g. 5.0–7.0 
mmol/l), the Ease-off mode and/or a higher glucose target 
should be set immediately, followed by consumption of 
10–20 g of CHO at exercise onset [7, 42] (D). The sugges-
tion is to announce this meal or snack as ‘hypoglycaemia 
treatment’ in the ‘Add meal’ function and not as a regu-
lar meal, otherwise the system will likely deliver insulin 
[31, 34] (C). As with any AID system, more CHO can be 
consumed during prolonged PA based on observed glucose 
trends and for performance reasons [43]. In contrast, for 
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instances where a rise in glucose levels is expected during 
PA (e.g. during high-intensity PA in the overnight fasted 
state) [41], we recommend starting the Boost mode with 

the regular or lower glucose target at the onset of PA to 
help limit activity-related hyperglycaemia. We advise not 
starting the Boost mode well in advance of the onset of the 

Fig. 2   Recommendations for use of the iLet Bionic Pancreas system 
to manage glucose outcomes during PA. Consider insulin delivery 
suspension with or without disconnecting the iLet system 30 min 
prior to activity to help mitigate hypoglycaemia risk. If ingesting 
undeclared CHO and disconnecting the iLet before activity, ensure 
that the device is already suspended and disconnected prior to CHO 
ingestion. The prandial bolus insulin dose can be reduced only by 

‘underestimating’ CHO (i.e. entering a smaller meal size). SG, sensor 
glucose. Glucose values: 6.1 mmol/l = 110 mg/dl, 6.7 mmol/l = 120 
mg/dl, 7.0 mmol/l = 126 mg/dl, 7.2 mmol/l = 130 mg/dl, 8.3 mmol/l 
= 150 mg/dl. See ESM 1 for version of this figure with glucose con-
centrations in mg/dl. This figure is available as part of a downl​oad- 
ab​le slide​set

https://static-content.springer.com/esm/art%3A10.1007%2Fs00125-024-06308-z/MediaObjects/125_2024_6308_MOESM2_ESM.pptx
https://static-content.springer.com/esm/art%3A10.1007%2Fs00125-024-06308-z/MediaObjects/125_2024_6308_MOESM2_ESM.pptx
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activity, as this might result in pre-exercise hypoglycaemia 
(consensus D).

As the Ease-off and Boost modes contribute to a lesser 
extent to the algorithmic learning, these modes may be con-
sidered for individuals who perform more irregular PA (con-
sensus D). For individuals who exercise more regularly with 
respect to specific days and times (e.g. Mon, Wed, Fri and Sun 
at ~17:00), one option may be to set a specific glucose target 
depending on the time of day and type of PA that is typically 
performed, as described in Fig. 3 (consensus D). For example, 
when glucose levels are expected to decrease during PA, con-
sider setting a glucose target ≥8.3 mmol/l ~2 h before activity. 
We also recommend that users set an individualised glucose 
target for PA when they are using either the Ease-off mode (i.e. 
higher glucose target) or the Boost mode (i.e. lower glucose 
target) to help achieve their desired glucose level [34] (D). All 
recommended adaptations concerning the Ease-off and Boost 
modes, as well as glucose targets, are provided in Fig. 4.

Diabeloop Generation 1

The Generation 1 (DBLG1) system’s default glucose target 
is 6.1 mmol/l, but the glucose target can be set between 5.6 
and 7.2 mmol/l. The low glucose threshold when insulin 
delivery is stopped can be set between 3.3 and 4.7 mmol/l 
and the algorithm hyperglycaemia threshold is 10.0 mmol/l. 
The aggressiveness of insulin delivery of the DBLG1 sys-
tem can be modified to deliver 59–147% of the typical basal 
rate when glucose is between 3.9 and 10.0 mmol/l. When 
sensor glucose is >10.0 mmol/l, the automated correction 
bolus can be set to deliver within the range of 43–186% of 
the typical automated correction bolus dose. The prandial 
insulin dose can also be set to deliver insulin in the range of 
50–200% for breakfast, lunch and dinner. These functions 

may be used to adapt the prandial insulin dose for post-meal 
activity; however, this needs to be discussed, individualised 
and, in some cases, modified with support from the health-
care professional team.

In this system, IOB (displayed as ‘Active Insulin’), as 
shown in the interface, corresponds to the IOB provided 
by regulation, including any insulin source confirmed by 
the pump (basal rate and bolus insulin).

Evidence on glucose management during PA with the DBLG1 
system  In a post hoc analysis of an RCT, glycaemic out-
comes were compared between days with and days without 
PA in 56 adults with type 1 diabetes using the DBLG1 sys-
tem for 12 weeks [44]. Participants announced PA at least 
30 min before exercise, which reduced insulin delivery, 
and, if necessary, a certain amount of CHO was also recom-
mended by the system to avoid hypoglycaemia. Time below 
range (<3.0 mmol/l; TBR<3.0) was not significantly differ-
ent between days with and days without PA, independent 
of exercise duration and intensity (2.0±1.5% vs 2.2±1.1%; 
p>0.05). Ingested CHO as a preventative strategy against 
hypoglycaemia as recommended by the system were signifi-
cantly higher on days with PA (41.1±35.5 vs 21.8±28.5 g/
day; p<0.001), and the AID insulin dose was significantly 
lower on days with PA (31.5±10.5 vs 34.0±10.5 U/day; 
p<0.001). The time above range (>10.0 mmol/l; TAR>10.0) 
was 28.7±9.3% on days with PA compared with 26.8±8.6% 
on days without PA (p=0.017). Time in range (3.9–10.0 
mmol/l; TIR3.9–10.0) was 69.1±8.2% on days with PA vs 
70.9±8.2% on days without PA (p=0.017). The coefficient 
of variation in glucose was higher on days with PA than 
days without (32.0±3.7% vs 30.9±3.7%; p=0.019), indicat-
ing increased glycaemic variability on exercise days.

Another study performed in adults with type 1 diabetes 
showed that the DBLG1 system was superior to open-loop 

Fig. 3   Illustration of how to set a new personal glucose target and how to set the Ease-off (now or later) mode when using the mylife CamAPS 
FX system. See ESM 1 for version of this figure with glucose concentrations in mg/dl. This figure is available as part of a downl​oadab​le slide​set

https://static-content.springer.com/esm/art%3A10.1007%2Fs00125-024-06308-z/MediaObjects/125_2024_6308_MOESM2_ESM.pptx
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insulin delivery with respect to TIR3.9–10.0 and TAR>10.0 
when the ‘Physical Activity’ mode was set 30 min before the 
start of activity [45].

Recommendations for glucose management around PA with 
the DBLG1 system  The Physical Activity mode can be used 
to decrease the risk of hypoglycaemia during PA (Fig. 5). In 

this mode, the glucose target and hypoglycaemia threshold are 
increased by 3.9 mmol/l, which reduces the aggressiveness 
of insulin delivery. When the Physical Activity mode is used, 
the PA intensity can be set to low, moderate or intense and 
the planned duration of PA can be set. Both the duration and 
intensity are considered as a matrix, with coefficients modu-
lating the insulin basal rate, corrective bolus or meal bolus. 

Fig. 4   Recommendations for use of the mylife CamAPS FX system 
to manage glucose outcomes during PA. Insulin delivery suspension 
with or without disconnection for prolonged periods (up to 120 min) 
may be required under some circumstances (e.g. swimming, diving, 
contact sports), although it is generally not recommended for most 

activities. SG, sensor glucose. Glucose values: 4.4 mmol/l = 80 mg/
dl, 5.6 mmol/l = 100 mg/dl, 6.7 mmol/l = 120 mg/dl, 7.0 mmol/l = 
126 mg/dl, 8.3 mmol/l = 150 mg/dl. See ESM 1 for version of this 
figure with glucose concentrations in mg/dl. This figure is available 
as part of a downl​oadab​le slide​set

https://static-content.springer.com/esm/art%3A10.1007%2Fs00125-024-06308-z/MediaObjects/125_2024_6308_MOESM2_ESM.pptx
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Another feature of the DBLG1 system is the ‘ZEN’ mode, 
which increases the glucose target by an increment that is 
between 0.6 and 2.2 mmol/l for a period of 1–8 h [8] (D).

We recommend starting Physical Activity mode at least 30 
min before PA, as the DBLG1 system suggests consuming a 
specific amount of CHO to avoid hypoglycaemia [44] (C). 
However, it is also beneficial to start Physical Activity mode 
earlier (e.g. between 1 and 2 h before the start of PA), as this 
has been shown to reduce the risk of hypoglycaemia (Fig. 6) 
[31, 46] (D). When PA is announced more than 1 h before 
the start of the activity, the target glucose is increased by 3.9 
mmol/l and the system aims to raise blood glucose prior to the 
start of PA. However, if glucose levels are <8.9 mmol/l 15 min 
before the start of PA, a specific CHO intake is recommended 
by the system. When PA is announced closer to the start of the 
activity, the system only provides a recommendation for CHO 
intake 15 min before PA if glucose is <8.9 mmol/l.

Furthermore, the DBLG1 system automatically reduces 
the basal rate of insulin delivery for 16 h after Physical Activ-
ity mode is enabled to help mitigate the risk of post-exercise 
hypoglycaemia caused by increased insulin sensitivity. Physical 
Activity mode also allows the user to name and save the PA ses-
sion (e.g. football) and provide the duration and intensity (e.g. 
low, moderate, intense). Fig. 6 provides recommendations for 
managing glucose levels during PA using the DBLG1 system.

Insulet Omnipod 5

The Omnipod 5 system is a tubeless AID system [8, 47] that 
uses SmartAdjust technology to predict glucose values 60 

min in advance and dynamically adjusts basal insulin deliv-
ery every 5 min. SmartAdjust targets glucose levels between 
6.1 and 8.3 mmol/l, with levels set by the user, caregiver or 
healthcare professional. Different targets can be programmed 
for different hours of the day. With each Pod change, usually 
occurring at least every 72 h, the Omnipod 5 system auto-
matically calculates an adaptive basal rate based on a fading 
memory of insulin requirements over 6 days. Furthermore, 
Omnipod 5 is a waterproof patch pump (i.e. Pod) that can 
provide users with increased flexibility in daily activities, in 
particular, with water-based activities [48].

In this system, the IOB is the sum of the correction IOB 
(insulin remaining in the body from previous correction 
doses), meal IOB (insulin remaining in the body from pre-
vious meal boluses) and Omnipod 5 software IOB (i.e. all 
insulin delivered by the system). IOB is mainly determined 
by the ‘Duration of Insulin Action’ setting, which ranges 
from 2 to 6 h. Furthermore, the ‘Reverse Correction’ feature 
deducts the IOB from the bolus calculation when the current 
glucose value is below the target glucose value [47].

Evidence on glucose management during PA with the Omni‑
pod 5 system  In the pivotal trial of the Omnipod 5 system, 
an exercise study was conducted in 59 adults with type 1 dia-
betes. Participants underwent three, 60 min moderate-inten-
sity treadmill exercise sessions in which (1) the ‘Activity’ 
feature (higher glucose target) was set 30 min prior to exer-
cise; (2) the Activity feature was set 60 min prior to exercise; 
and (3) usual automated insulin delivery was continued with 
no adjustment made for exercise [49]. Not surprisingly, at 
the start of exercise in sessions (1) and (2), insulin delivery 

Fig. 5   Illustration of how to start, stop and modify/delete the Physical Activity mode in the DBLG1 system. See ESM 1 for version of this figure 
with glucose concentrations in mg/dl. This figure is available as part of a downl​oadab​le slide​set

https://static-content.springer.com/esm/art%3A10.1007%2Fs00125-024-06308-z/MediaObjects/125_2024_6308_MOESM2_ESM.pptx
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was lower and glucose was higher with use of the Activity 
feature than with usual automated insulin delivery.

Recommendations for glucose management around PA with 
the Omnipod 5 system  For PA, the higher glucose target in 
the Omnipod 5 system is 8.3 mmol/l. This target attenuates 

automated insulin delivery and can be programmed to last 
from 1 to 24 h [6]. For activities that lead to an increased 
risk of hypoglycaemia, the recommendation with this system 
is to set the Activity feature 1–2 h before PA until the end of 
the activity (Fig. 7).

Fig. 6   Recommendations for use of the DBLG1 system to manage 
glucose outcomes during PA. Insulin delivery suspension with or 
without disconnection for prolonged periods (up to 120 min) may be 
required under some circumstances (e.g. swimming, diving, contact 
sports), although it is generally not recommended for most activities, 
as several of these strategies cannot be implemented and/or require 

modification. SG, sensor glucose. Glucose values: 5.6 mmol/l = 100 
mg/dl, 6.1 mmol/l = 110 mg/dl, 6.7 mmol/l = 120 mg/dl, 7.0 mmol/l 
= 126 mg/dl. See ESM 1 for version of this figure with glucose con-
centrations in mg/dl. This figure is available as part of a downl​oad- 
ab​le slide​set

https://static-content.springer.com/esm/art%3A10.1007%2Fs00125-024-06308-z/MediaObjects/125_2024_6308_MOESM2_ESM.pptx
https://static-content.springer.com/esm/art%3A10.1007%2Fs00125-024-06308-z/MediaObjects/125_2024_6308_MOESM2_ESM.pptx
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If the usual glucose target is set to 6.7, 7.2, 7.8 or 8.3 
mmol/l, and glucose is expected to increase during PA (e.g. 
fasted, high-intensity PA), we recommend lowering the 
usual glucose target to 6.1 mmol/l prior to the onset of PA 
and resuming the usual glucose target after the PA event 
(consensus D) (Fig. 8). With Omnipod 5, up to eight dif-
ferent targets can be programmed throughout the day, so 
there is some flexibility around what glucose target is set and 
when. Therefore, for school-aged children, higher glucose 
targets can be leveraged to account for usual after-school 
sports by setting the target higher 1–2 h prior to the sched-
uled activity until the end of the activity (consensus D).

A more general consideration for healthcare professionals 
is how the ‘Reverse Correction’ feature might impact insulin 
delivery at the meal before PA. With the Reverse Correction 
feature on, the prandial bolus dose will be reduced if the pre-
meal glucose level is below target. If this feature is combined 
with a manual prandial bolus insulin reduction initiated by 
the user (e.g. 25–33% reduction) prior to activity, then glu-
cose will likely rise and result in automated insulin delivery 
by the system, thereby increasing hypoglycaemia risk dur-
ing PA. To date, there are no published studies to support 
specific guidance on using Reverse Correction around PA.

If PA is planned <2 h following a meal and a drop in 
glucose is anticipated, a 25–33% reduction in prandial bolus 
insulin is generally recommended [26, 50] (C). Another 
option is to turn the Reverse Correction feature off when 
applying a prandial bolus insulin reduction before PA (con-
sensus D). For the meal prior to the onset of PA, the bolus 
insulin amount on the Omnipod 5 system can be reduced 
by either (1) entering fewer CHO into the system than the 
amount being consumed or (2) decreasing the recommended 
bolus insulin amount by 25% up to 100% (i.e. no bolus) 
[8]. Importantly, research trials on the amount and timing of 

prandial bolus insulin reductions before PA in children and 
adults with type 1 diabetes using Omnipod 5 are not cur-
rently available. Fig. 8 provides recommendations for man-
aging glucose levels during PA using the Omnipod 5 system.

Medtronic MiniMed 780G

The MiniMed 780G system using SmartGuard technology 
can set glucose targets of 5.5, 6.1, 6.7 and 8.3 mmol/l (‘Temp 
Target’, exercise mode). One of the major safety features of 
the Temp Target is the prevention of automatic bolus correc-
tion doses in response to rising glucose levels from ingestion 
of CHO immediately before or during PA. Without this fea-
ture, there is likely to be a significant increase in IOB during 
PA when CHO are given, which can result in a recurrent cycle 
of hypoglycaemic episodes. The auto-correction bolus, when 
enabled, automatically delivers bolus insulin doses when the 
algorithm has been delivering auto-basal insulin at the maxi-
mum insulin limit, the sensor glucose value is >6.7 mmol/l 
and the calculated correction bolus is >10% of the maximum 
insulin limit. Furthermore, the auto-correction bolus can be 
switched off in the SmartGuard settings. When SmartGuard 
technology is used for calculating the bolus insulin dose for 
CHO, the dose suggestion is increased or decreased based on 
the actual glucose value and the total IOB.

The IOB (displayed as ‘Active Insulin’) accounts for bolus 
insulin, including meal boluses, manual correction boluses 
and automatic correction boluses. Basal insulin, either from 
a pre-programmed basal rate or from SmartGuard auto-basal 
insulin delivery, is excluded from active insulin. The dis-
played IOB is affected by the Active Insulin time settings 
(2–8 h, adjustable). Active Insulin is also used in the calcu-
lation of correction boluses (both manual and automated).

Fig. 7   Illustration of how to set and cancel the Activity feature on the Omnipod 5 system. See ESM 1 for version of this figure with glucose con-
centrations in mg/dl. This figure is available as part of a downl​oadab​le slide​set

https://static-content.springer.com/esm/art%3A10.1007%2Fs00125-024-06308-z/MediaObjects/125_2024_6308_MOESM2_ESM.pptx
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Evidence on glucose management during PA with the MiniMed 
780G system  The Medtronic MiniMed AID systems are suit-
able for use during PA in people with type 1 diabetes and are 
the systems with the largest body of published literature related 
to PA [7]. In a trial of ten adults with type 1 diabetes, it was 
shown that transitioning from open-loop systems to the Mini-
Med 780G system did not significantly alter glucose levels 
during and after 45 min of moderate-intensity exercise [51].

McCarthy et al demonstrated in adults with type 1 dia-
betes that glucose levels may be optimised during exercise 
when using the MiniMed 780G system by reducing the 
pre-exercise prandial bolus insulin dose by 25% for meals 
consumed up to 90 min before exercise [26]. This study 
also showed that increasing the glucose target at the onset 
of exercise or 45 min prior to the start of exercise was less 
effective for avoiding hypoglycaemia than setting a higher 

Fig. 8   Recommendations for use of the Omnipod 5 system to manage 
glucose outcomes during PA. SG, sensor glucose. Glucose values: 6.1 
mmol/l = 110 mg/dl, 6.7 mmol/l = 120 mg/dl, 7.0 mmol/l = 126 mg/

dl. See ESM 1 for version of this figure with glucose concentrations 
in mg/dl. This figure is available as part of a downl​oadab​le slide​set

https://static-content.springer.com/esm/art%3A10.1007%2Fs00125-024-06308-z/MediaObjects/125_2024_6308_MOESM2_ESM.pptx
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glucose target 90 min before exercise when prandial insulin 
was reduced by 25%. In a study of youth with type 1 dia-
betes using the MiniMed 780G system, it was determined 
that, independent of the type of insulin used (faster-acting 
insulin aspart vs standard insulin aspart), exercise was 
safe, with a TBR (<3.9 mmol/l glucose) of 2.8% vs 2.5%, 
respectively, when the Temp Target was set at least 1 h 
before exercise [27].

In a preliminary, controlled, in-clinic research study 
by Lee et al, TIR3.9–10.0 was 100% for 45 min of high-
intensity exercise or moderate-intensity exercise when the 
Temp Target on the MiniMed 670G system was started 2 h 
prior to the start of exercise in adults with type 1 diabetes 
who also had impaired awareness of hypoglycaemia [46]. 
Use of the MiniMed advanced hybrid closed-loop (AHCL) 
system with different insulins (faster-acting insulin aspart 
and insulin aspart) did not significantly alter the risk of 
nocturnal hypoglycaemia on exercise days compared with 
non-exercise days [33, 52]. Furthermore, when comparing 
different types of exercise (high-intensity exercise, resistance 
exercise, moderate-intensity exercise), there were no differ-
ences in glycaemic outcomes [46, 53] or risk of nocturnal 
post-exercise hypoglycaemia [32].

Recommendations for glucose management around PA 
with the MiniMed 780G system  When using the Mini-
Med 780G system, we recommend adjusting the glucose 
target based on the anticipated glucose response to exer-
cise [53–55] (D). In instances where a glucose decrease 
is expected during planned PA, one option is to initiate 
the Temp Target 1–2 h before PA [26, 46]), which will 
automatically stop after a set duration (Figs 9 and 10). In 

general, the Temp Target should be timed to stop near the 
end of the activity [32, 33]. For unplanned PA, when a glu-
cose decrease is expected, CHO consumption (e.g. 10–20 
g) will likely be necessary, particularly if glucose levels 
at exercise onset are <7.0 mmol/l [42] (C). In addition, 
the Temp Target should be turned on immediately prior to 
CHO consumption [8] (D) (Fig. 10).

If glucose levels are expected to rise during PA, a lower tar-
get glucose may be more appropriate (e.g. 5.5 mmol/l), as this 
will likely result in greater insulin delivery than when a higher 
target is set. However, setting glucose targets should be based 
on an individual’s average glucose responses, which may vary 
depending on PA type, time of day, CHO fuelling strategies, 
menstrual cycle phase and other factors [56] (D) (Fig. 10).

In general, we recommend keeping the MiniMed 780G 
system in automated mode during PA when a glucose 
decrease is expected, in addition to setting a Temp Target, 
and reducing prandial bolus insulin by 25–33% to minimise 
hypoglycaemia [50, 51].

If there is going to be a reduction in the prandial bolus 
insulin for the meal preceding PA, this should always be 
implemented in conjunction with the Temp Target, which 
disables the automated bolus function. Otherwise, the meal 
recognition software will signal that food has been eaten and 
the device will try to address the initial rise in glucose levels 
with automated bolus insulin.

Tandem t:slim X2 with Control‑IQ

The t:slim X2 insulin pump using Control-IQ technology pre-
dicts glucose levels 30 min ahead and adjusts insulin delivery 

Fig. 9   Illustration of how to set and cancel the Temp Target on the MiniMed 780G system. See ESM 1 for version of this figure with glucose 
concentrations in mg/dl. This figure is available as part of a downl​oadab​le slide​set

https://static-content.springer.com/esm/art%3A10.1007%2Fs00125-024-06308-z/MediaObjects/125_2024_6308_MOESM2_ESM.pptx
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accordingly, including the delivery of automated correction 
boluses up to once per hour if needed. The ‘Personal Profile’ 
settings have a standard glucose target of 6.1 mmol/l, but the 
system targets a glucose range between 6.2 and 8.9 mmol/l. A 
higher glucose range between 7.8 and 8.9 mmol/l can be set 
for PA (referred to as ‘Exercise’ mode). In ‘Sleep’ mode, the 

target shifts to a tighter range (between 6.3 and 6.7 mmol/l), 
using basal adjustments, and this mode does not perform any 
auto-correction boluses. While this feature is designed for 
overnight glucose management, individuals can create sleep 
schedules at other times of the day to automatically leverage 
the transition to this tighter target range.

Fig. 10   Recommendations for use of the MiniMed 780G system to 
manage glucose outcomes during PA. Insulin delivery suspension 
with or without disconnection for prolonged periods (up to 120 min) 
may be required under some circumstances (e.g. swimming, diving, 
contact sports), although it is generally not recommended for most 
activities, as several of these strategies cannot be implemented and/

or require modification. SG, sensor glucose. Glucose values: 5.6 
mmol/l = 100 mg/dl, 6.1 mmol/l = 110 mg/dl, 6.7 mmol/l = 120 mg/
dl, 7.0 mmol/l = 126 mg/dl. See ESM 1 for version of this figure with 
glucose concentrations in mg/dl. This figure is available as part of a 
downl​oadab​le slide​set

https://static-content.springer.com/esm/art%3A10.1007%2Fs00125-024-06308-z/MediaObjects/125_2024_6308_MOESM2_ESM.pptx
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Non-customisable parameters in the Control-IQ system 
include the duration of active insulin and the glucose target 
[57]. If Control-IQ technology is enabled, IOB (displayed as 
‘Insulin on Board’) includes all basal insulin delivered above 
and below the programmed basal rate, in addition to all bolus 
insulin delivered (not adjustable; set to 5 h). Up to six Personal 
Profiles can be programmed in which the individual can adjust 
the basal insulin doses, insulin-to-CHO ratio and insulin sen-
sitivity factor settings. Thus, for those performing different 
types of PA, different settings can be programmed. In addi-
tion, a correction dose (up to 60% of the dose determined by 
the correction factor or insulin sensitivity factor) is delivered 
a maximum of once per hour if the predicted glucose value 30 
min later is anticipated to be >10.0 mmol/l, the system is not 
in Sleep mode and there has been no user-initiated bolus in 
the past hour [58]. Recently, a new pump design from Tandem 
called the Tandem Mobi pump has been released. The Mobi 
pump uses the Control-IQ algorithm, but has the benefit of 
a smaller physical footprint and is fully controllable from a 
user’s phone via a mobile app (with a button available on the 
pump to permit bolus delivery without the app).

Evidence on glucose management around PA with the t:slim 
X2 Control‑IQ system  The Tandem Control-IQ Artificial Pan-
creas system was the first AID system tested in adolescents 
and children (aged 6–18 years) with type 1 diabetes in an 
outpatient exercise setting (i.e. during winter sports, particu-
larly skiing) [59–61]. These real-world studies demonstrated 
that Control-IQ technology improved glycaemic metrics and 
reduced hypoglycaemia risk during prolonged winter sporting 

activities in this group compared with a non-AID system. 
Mameli et al recently evaluated TIR3.9–10.0 during 2 h of 
outdoor physical activity, planned 90 min after lunch, in youth 
aged 9–18 years using the t:slim X2 pump with Control-IQ 
technology [62]. In this study, group A underwent endurance 
activities for 60 min (1000 m run, jump circuit) followed 
by power activities for 60 min (80 m run and a long jump), 
and group B underwent power activities for 60 min followed 
by endurance activities for 60 min. A higher glucose target 
(Exercise mode, see below) was set 90 min before exercise 
until dinner time and pre-exercise prandial bolus insulin was 
reduced by 50%. In this study, group A and group B par-
ticipants had similar TIR3.9–10.0 during the 2 h of activ-
ity (50.4%, 95% CI 33.8, 75.0 vs 39.6%, 95% CI 26.9, 58.3; 
p=0.39). No TBR<3.0 occurred during the 2 h of activity 
(both the endurance and the power workout) [62].

Recommendations for glucose management around PA with 
the t:slim X2 Control‑IQ system  Individuals with type 1 diabetes 
using this system can announce PA using Control-IQ’s Exercise 
mode, which aims to maintain glucose levels between 7.8 and 
8.9 mmol/l (Fig. 11). When using Exercise mode, Control-IQ 
technology will decrease the algorithm-derived insulin deliv-
ery rate (or basal insulin delivery rate) when the glucose level 
is predicted to be <7.8 mmol/l 30 min in the future and will 
increase the insulin delivery rate when the glucose is predicted 
to be >8.9 mmol/l 30 min in the future [6]. If the glucose pre-
diction 30 min in the future is expected to exceed 10.0 mmol/l, 
an automated correction bolus equivalent to 60% of the dose 
calculated by the insulin sensitivity factor will be delivered up 

Fig. 11   Illustration of how to set the Exercise mode on the t:slim X2 Control-IQ system. See ESM 1 for version of this figure with glucose con-
centrations in mg/dl. This figure is available as part of a downl​oadab​le slide​set

https://static-content.springer.com/esm/art%3A10.1007%2Fs00125-024-06308-z/MediaObjects/125_2024_6308_MOESM2_ESM.pptx
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to once per hour, even if Exercise mode is active [58]. This may 
increase the risk for activity-related hypoglycaemia in some 
settings where a rise in glucose occurs prior to PA (e.g. from 
unannounced CHO intake). Importantly, an automated correc-
tion bolus will not occur within 60 min of any bolus (of any 

amount) that has been delivered or cancelled. With software 
version 7.7 (introduced in some countries in January 2024), 
Exercise mode can be set for a duration of 30 min to 8 h. Oth-
erwise, for software versions below version 7.7, the user will 
need to manually turn Exercise mode off after PA.

Fig. 12   Recommendations for use of the t:slim X2 Control-IQ sys-
tem to manage glucose outcomes during PA. Consider adding a mini-
mal manual bolus dose (e.g. 0.05 U) close to the onset of exercise 
to block the system from administering auto-correction doses for the 
next 60 min. Insulin delivery suspension with or without disconnec-
tion for prolonged periods (up to 120 min) may be required under 
some circumstances (e.g. swimming, diving, contact sports), although 

it is generally not recommended for most activities, as several of 
these strategies cannot be implemented and/or require modification. 
ISF, insulin sensitivity factor; SG, sensor glucose. Glucose value: 
7.0 mmol/l = 126 mg/dl. See ESM 1 for version of this figure with 
glucose concentrations in mg/dl. This figure is available as part of a 
downl​oadab​le slide​set

https://static-content.springer.com/esm/art%3A10.1007%2Fs00125-024-06308-z/MediaObjects/125_2024_6308_MOESM2_ESM.pptx
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If CHO are given during PA to treat pending or actual 
hypoglycaemia, the rise in glucose from treatment can trig-
ger insulin delivery even during Exercise mode. Based on 
the current evidence, the general recommendation for this 
AID system is the same as that for other AID systems that 
have a higher glucose target for PA: to minimise excessive 
CHO feeding before and during the activity. We recommend 
that Exercise mode is enabled 1–2 h before the start of PA 
until the end of the activity to decrease IOB and reduce the 
risk of hypoglycaemia during activity [46] (D).

It may also be helpful for individuals with type 1 diabe-
tes who regularly engage in PA and who may benefit from 
changes to various pump settings for more physically active 
days or days with more prolonged activity periods to cre-
ate different Personal Profiles [8] (D). Personal profiles can 
be optimised in cases where glucose levels are expected to 
drop or rise during PA, and this may include adjustments to 
the basal insulin doses, insulin-to-carbohydrate ratio and/or 
insulin sensitivity factor. For instances where glucose levels 
are expected to decrease during PA (e.g. walking, running, 
cycling), a Personal Profile can be created that can reduce 
insulin delivery (e.g. lower basal insulin doses; higher insu-
lin sensitivity factor; lower insulin-to-carbohydrate ratio), 
which can be selected when deemed appropriate (Fig. 12).

Based on consensus D, another possible strategy for 
this AID system is to consider adding a small manual bolus 
insulin dose (note that the minimum bolus is 0.05 U for 
this system) close to the onset of PA, which then disables 
the auto-bolus feature for the next 60 min, even if CHO are 
consumed and a rise in glucose occurs.

In other situations where glucose levels are expected to 
rise during PA (e.g. during high-intensity sprinting), a differ-
ent Personal Profile can be created (e.g. higher basal insulin 
doses, lower insulin sensitivity factor) (consensus D). Another 
option is to retain the usual AID settings (i.e. do not set ‘Exer-
cise’ mode) or consider putting the pump into Sleep mode for 
PA and turning Sleep mode off after PA to resume the usual 
AID settings post-exercise (consensus D). As a reminder, the 
system has a lower glucose target range in Sleep mode, but it 
does not deliver automated boluses during this time. As the 
targets are tighter, Sleep mode may be an option for instances 
when glucose levels tend to rise with PA, although research 
around the utility of this approach is warranted (consensus D). 
Fig. 12 provides recommendations for managing glucose levels 
during PA using the t:slim X2 Control-IQ system.

Other considerations for PA

There is a lack of evidence and recommendations on glu-
cose management strategies during PA under special circum-
stances for people using AID technology [1–4]. To better 

address some of these unique situations, Table 4 provides a 
summary of special PA circumstances, important considera-
tions and possible strategies to help individuals with type 1 
diabetes using AID systems. For additional details on spe-
cific considerations for PA, see ESM 1.

Conclusion

In this joint EASD/ISPAD position statement, we provide 
both general strategies and AID device-specific recommen-
dations to help healthcare professionals and people with type 
1 diabetes use these emerging technologies more effectively 
for planned and unplanned PA. We stress that these recom-
mendations should serve as a starting point for PA and that 
individual responses to activity should be learned and dis-
cussed with the healthcare professional team. Strategies often 
require fine-tuning and individuals should be prepared for 
unpredictable glucose responses to PA, even after these strat-
egies have been implemented. While there is individual vari-
ation in glycaemic responses to the diverse types of activities 
that individuals with type 1 diabetes perform, we hope that 
these evidence-informed recommendations can help individu-
als optimise glucose self-management in various PA settings.
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