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In the old days, 
the advice was 
maybe you should 
avoid it. Just go for 
a walk. 

Lack of evidence
Dysglycaemia :acute responses with high risk 

situations for patients. 
Hypoglycemia fear
Hyperglycemia fear

Lack of training on exercise for Healthcare 
practitioners!!!



Types of individuals 

Amateur / recreational 
simple gym Professional intermediate

Normal weight – Normal 
body fat

“Normal” insulin 
sensitivity

Very low body fat 
? Insulin sensitivity

Overweight – Obesity – 
Increased body fat
”Resistant” insulin 

sensitivity 



Treatment regimes

MDI CSII

MDI + CGM AHCL CSII + CGM

Can we even consider 
exercising without a CGM 

device?



Types of exercise
Αεροβια ασκηση

χαμηλής έως υψηλής έντασης 
που εξαρτάται κυρίως από την 

αερόβια διαδικασία παραγωγής 
ενέργειας.

βασιζεται στο συστημα Ο2

Κυρια πηγη γλυκογονο, λιπη και 
γλυκοζη

Παρατεταμενη χρονικη περιοδος

τρέξιμο μεσαίων ή μεγάλων 
αποστάσεων, το τζόκινγκ, η 

κολύμβηση, η ποδηλασία, το 
ανέβασμα σκαλοπατιών και το 

περπάτημα.

Αναεροβια ασκηση

Εντονη ασκηση, μικρης
διαρκειας

Βασιζεται στο συστημα
ΑΤΡ-CP και στο συστημα

γαλακτικου οξεος

Κυρια πηγη
φωσφοκρεατινη

γλυκογονο

Αρση βαρων, δρομος
διαρκειας 6 

δευτερολεπτων
Δρομος μεχρι 800μ

Διάρκεια προσπάθειας Πηγή ενέργειας

<30 δευτερολεπτα ATP-CP

30-90 δευτερολεπτα ATP-CP- γαλακτικο οξυ

90-180 δευτερολεπτα Γαλακτικο +Ο2

>180 δευτερολεπτα Ο2

Ταξινόμηση Διάρκεια 
προσπάθειας

Πηγή 
ενέργειας

Αναεροβια
ισχυς

1-10 
δευτερολεπτα ATP-CP

Αναεροβια
ικανοτητα

20-45 
δευτερολεπτα

ATP-CP + 
αναεροβια
γλυκολυση

Ανοχη στο 
γαλακτικο οξυ 1-8 λεπτα

Ικανοτητα
ανοχης

μεγαλων
ποσοτητων
γαλακτικου

οξεος

Αεροβια 10 λεπτα + Ο2



Types of exercise
• Aerobic exercise is associated with decreasing 

glucose values, whereas brief, very high-intensity or 
anaerobic exercise is related to increasing glucose 
values 

glucose glucose



Critical timepoints for exercise

Before

During

After



Risks

• Indeed, the glucose changes that occur during physical 
activity depend not only on the doses of insulin or the 
amount of carbohydrates consumed by an individual 
but also on the type, intensity, and duration of 
physical activity performed, the patient’s metabolic 
control of diabetes, their residual insulin secretion, 
their physical fitness, and their own knowledge of 
diabetes 

• A greater risk of ketoacidosis occurs in individuals 
treated with continuous subcutaneous insulin infusion 
(CSII)  because insulin pumps are often disconnected 
during sports, especially team games, contact sports, 
or swimming. In addition, there is a risk of damage to 
the infusion set. 



Lost??? 



• A lag time between the glucose value in the vasculature and interstitial fluid does exist and, thus, influences 
sensor glucose measurement accuracy against blood glucose values . Moreover, other physiological changes 
during exercise, such as alterations in blood flow rate, body temperature and body acidity, can 
theoretically have an impact on interstitial glucose- sensing accuracy 

• Thus, when assessing the accuracy of different interstitial glucose monitoring systems vs reference glucose, 
which is usually assessed by a median or mean absolute relative difference (MARD), a part of the difference 
should be interpreted as lag time rather than inaccuracy

• Additionally, other factors, like local metabolic rate, sensor site , exercise type , vasoconstriction, potential 
interference with medications , the direction of glucose rate of change  and baseline glucose level may 
influence lag time . 

• Also, the glucose concentration, per se, might have an impact on the sensor accuracy, as seen for isCGM, 
detailing a lower MARD for hyperglycaemia and higher MARD for hypoglycaemia

• At rest, a lag time of ~5 min is seen in healthy individuals , while, in situations of rapid glucose changes, it 
can increase to up to 12– 24 min or even longer during exercise, as seen in people with type 1 diabetes . 
Depending on the CGM and isCGM device, the overall mean of all MARDs during different types of exercise 
in people with type 1 diabetes is ~13.63% (95% CI 11.41%, 15.84%)



• CGM and isCGM devices may provide a different glucose reading compared with the actual 
SMBG, especially during exercise, and, thus, the sensor glucose value should be interpreted 
together with the corresponding trend arrow. 

• mild-to-moderate aerobic exercise decreases glucose levels , whilst intense aerobic and anaerobic 
exercise and exercises with a load-profile similar to interval exercise stabilise  or increase glucose 
levels, as seen in various experimental studies . 

• Independent of the aforementioned groups (adults and children/adolescents), individuals who do 
not routinely exercise may face an increased risk of hypoglycaemia, as partially shown in a 
prospective observational study  (C). 

• Additionally, IAH , preceding episodes of hypoglycaemia  (B) and advanced age  (C) potentially 
increase the risk of hypoglycaemia during and after exercise. 



• following groups can be 
categorised: 

• & Currently minimally 
exercising and/or high risk of 
hypoglycaemia 

• & Currently moderately 
exercising and/or moderate 
risk of hypoglycaemia 

• & Currently intensively 
exercising and/or low risk of 
hypoglycaemia 



• To lower the risk of hypoglycaemia during prolonged exercise, exercise should be initiated when 
mealtime insulin levels are low or about 90 min after the last carbohydrate- rich meal with a 
reduction in mealtime insulin [38] (D), [39] (D). However, to achieve beneficial effects of exercise 
on overall glycaemic control, exaggerated bolus insulin dose reductions should be avoided

• Preparation in advance to exercise If a CGM or a second- generation isCGM device is used, 
hypoglycaemic alerts might be set at the highest possible alarm lower threshold at the onset of 
exercise, which is currently 5.6 mmol/l (100 mg/dl) [22] (D). This elevated hypoglycaemia alert 
setting is in line with the expected delay between interstitial glucose and blood glucose when 
levels are dropping during prolonged exercise 

• The rate-of-glucose-change alerts (dropping or rising) can be used to initiate an earlier action, 
such as a decrease or increase in basal insulin rate for those on continuous subcutaneous 
insulin infusion (CSII), or a change to glucose-rich or glucose-free fluids, depending on the 
direction of change. 

• Thirty to 60 min prior to the start of prolonged aerobic exercise (>30 min), to reduce 
hypoglycaemia risk, low glycaemic index carbohydrates can be consumed in those who do not 
reduce insulin dose, aiming to achieve pre-exercise sensor glucose targets. 



Before exercise



During exercise



• if sensor glucose is rapidly increasing in the post-exercise phase (detected by CGM when using the rate-of-
change alert), then an insulin correction can be considered (50% of typical correction dose) 

A lower carbohydrate intake can be achieved during prolonged exercise if desired, but aggressive 
insulin dose adjustments are likely to be needed







Βασική ινσουλίνη – Εντατικοποιημένο σχήμα 
• However, with all 3 basal insulin types unadjusted for activity, mild hypoglycemia was relatively common either during the 30 

minutes of exercise or soon after exercise was finished (21%–57% of patients, depending on the basal insulin used) 

• Τα άτομα που «σπάνε» την δόση της βασικής σε πρωινη και βραδινη εχουν μεγαλυτερη ευελιξια
• Μπορούν να μειωσουν την πρωινη δοση πριν την ασκηση , αφηνοντας την βραδινη το προηγουμενο βραδυ ανεπηρεαστη

• Επισης μπορουν να μειωσουν την βραδινη μετα την ασκηση για προληψη υπογλυκαιμιας

• Γενικα η μειωση στην ινσουλινη μακρας δρασης (detemir, glargine) συστηνεται στο 20-30% όταν υπαρχει ασυνηθιστα
εντονη μερα για φυσικη δραστηριοτητα (e.g. sports camps, tournaments, hiking/trekking, a long-distance run, or a cycling 
event) 

• προσοχή στην degludec ! 
• Αν η βασικη ινσουλινη δινεται μονο το βραδυ , τοτε αλλαγες συστηνοται το βραδυ πριν την ημερα με εντονη φυσικη

δραστηριοτητα. 
• Αν δινεται το πρωι τοτε αλλαγες γινονται εκεινο το πρωι

• In cases of prolonged aerobic activity, an additional reduction in bedtime basal insulin by 10% to 20% after exercise, when 
possible, should be implemented to protect against postexercise nocturnal hypoglycemia . 

• In situations in which planned exercise occurs 1 to 3 hours after a meal, bolus insulin adjustments are preferred for those 
receiving MDIs, since the impact on 24-hour BG levels will be minimal. 

For those individuals using ultra-long-acting insulin (i.e. 
degludec), basal adjustments for exercise are generally not 
recommended, since the glycemic impact will be prolonged. 
More research is needed to accommodate exercise in the era 
of ultra-long-acting basal insulins. 



Βασική ινσουλίνη – Εντατικοποιημένο σχήμα 











Zones 1 to 5 represent BG ranges and relative insulin levels at the start of exercise 
and suggested strategies for safe performance of exercise (e.g. monitor ketone 
levels, delay exercise, consume carbohydrates, lower basal insulin if possible). 
• Zone 1 (i.e. BG in targeted range, low insulin) is suitable for prolonged aerobic 

exercise and for anaerobic and mixed exercise. 
• Zone 2 (i.e. BG in targeted range, high insulin) is suitable for prolonged aerobic 

exercise but typically requires some carbohydrate feeding and/or basal insulin 
reductions if possible (patients receiving continuous subcutaneous insulin 
infusion only). Anaerobic and mixed exercise can be initiated. 

• Zone 3 (i.e. high BG levels, low insulin) requires ketone monitoring before 
exercise and insulin administration if ketones are elevated above trace level. 
Exercise should be avoided until control is re-established. 

• Zone 4 (i.e. high BG levels, high insulin) also requires ketone monitoring to 
confirm that ketones are low before start of moderate-intensity aerobic 
exercise. (Note: Circulating insulin concentrations may be lower than 
estimated levels because of infusion-set blockage in patients receiving 
continuous subcutaneous insulin infusion). 

• Zone 5 (i.e. hypoglycemia with or without elevated insulin levels) requires 
carbohydrate feeding before the start of exercise (~15–30 g, depending on the 
amount of insulin in the circulation). In all of these zones, close BG 
monitoring is advised. 



• Additional recommendations: If first-time exercise, there is

a prolonged hypoglycaemia risk so the basal rate should be 

reduced for the entire night using temporary basal rate 

setting;

if on MDI the long -acting dose should be reduced that day/ 

night. Hypoglycaemia risk is also higher if exercise is 

carried out on sequential days, or there was a 

hypoglycaemic event on the day preceding exercise. 

Alcohol also increases the risk of hypoglycaemia. 

• If hyperglycaemia is encountered post-exercise (especially 

likely if moderate-intensity/high -intensity exercise at the 

anaerobic/lactate threshold), a cool-down over 20–30 min 

will reduce the need to give a correction bolus. 

• A 10 s sprint done before and/or during low/moderate -

intensity exercise will elevate glucose levels and reduce the 
risk of hypoglycaemia during or after exercise. 



Εφαρμογή στην πράξη?







• 189 children with type 1 diabetes from 11 diabetes care centers, in Poland, participated in a 
football tournament in 3 age categories: 7–9 (21.2%), 10–13 (42.9%), and 14–17 (36%) years

• Results: The median level of blood glucose before the matches was 6.78 (4.89–9.39) mmol/L, and 
after the matches, it was 7.39 (5.5–9.87) mmol/L (P = .001). 

• There were no episodes of severe hypoglycemia or ketoacidosis. 

• The number of episodes of low glucose value (blood glucose ≤3.9 mmol/L) was higher during the 
tournament versus 30 days before: 1.2 (0–1.5) versus 0.7 (0.3–1.1) event/person/day, P < .001. 

• Lactate levels increased during the matches (2.2 [1.6–4.0] mmol/L to 4.4 [2.6–8.5] mmol/L after 
the matches, P < .001) 





Users of CSII were disconnected from 
the pump. 

The protocol followed was 

<100mg/dl

100-150 mg/dl
To advice on carbohydrate 

consumption check active insulin + 
glucose trend arrows

10-25 g CHO  (depending on body 
weight)

>250 mg/dl Corrective dose of insulin reduced 
by 50%

>250 mg/dl 

Beta ketone testing 
If >0.6 mmol/L not allowed to play 

and correction bolus and drink 
water ! 



Hydration is key!!! 
• Ketone meters

• Hydration

• The knowledge and skills in the use of insulin pumps, the calculation of active insulin, and 
deciding the amount of additional carbohydrates needed were extremely necessary. 

• The rise in glucose during 30 minutes of activity was statistically significant but perhaps not 
surprising given the nature of activity (relatively brief, fairly intensive, and above the lactate 
threshold in nature) nor clinically relevant. 

• Taking into account the element of competition, hyperglycemia seemed more likely. Insulin 
therapy during such intense and difficult-to-predict physical activity is much easier in athletes 
treated with a personal insulin pump ; these were used by over 80% of players in GoalDiab. 

• No mentioning of the carbohydrates consumed !

• The study also attempted to determine the intensity and nature of the effort during the football 
tournament. On the basis of measured lactates, the effort seems to be moderate aerobic– 
anaerobic. Moreover, the presented results confirm that mixed activity is associated with 
glucose stability 

• In any case, elevation in lactate levels during matches is lower than expected during efforts such 
as resistance training and high-intensity interval training in early adolescents 



Group A: glycemic target 7.0mmol/L 
with supplementation 15-20 g  CHO 

Group B: reduction of bolus insulin by 
50% in last meal 

Group C: control







clinic



Home













• https://pubmed.ncbi.nlm.nih.gov/30925077/

https://pubmed.ncbi.nlm.nih.gov/30925077/


The future is here



Simulation study 



• No hypoglycemia 
• Peak glucsoe at after 20  min of 

exercise
• The magnitude of decline from 

peak blood glucose concentrations 
to 125 min after exercise was 
statistically greater for the insulin 
session (3.3 1.0 vs 1.3 0.4 mmol/l; 
P = 0.015)

• Individualized nadir blood 
concentrations were significantly 
lower for the insulin session than 
the no-insulin session (9.9 1.1 vs. 
12.4 1.5 mmol/l; P = 0.035). 

Turner D, Luzio S, Gray BJ, Bain SC, Hanley S, Richards A, Rhydderch DC, Martin R, Campbell MD, Kilduff LP, West DJ, Bracken RM. 
Algorithm that delivers an individualized rapid-acting insulin dose after morning resistance exercise counters post-exercise 
hyperglycaemia in people with Type 1 diabetes. Diabet Med. 2016 Apr;33(4):506-10. doi: 10.1111/dme.12870. Epub 2015 Aug 25. 
PMID: 26220149.



Take home 
messages 

Train our patients

Train ourselves

Collaborate closely with our patients 

Use technology



Προσοχή!

• Εφιστούμε την προσοχή των 
ατόμων με διαβήτη για τους 

περιορισμούς των συστημάτων 
νέας τεχνολογίας και συνιστούμε 

την παρακολούθηση και 
επιβεβαίωση της γλυκαιμίας με 

μέτρηση από το δάχτυλο. 
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