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K What we will cover

• Exercise types
• What are the normal endocrine responses to exercise
• How do different intensity of exercises alter these 

responses
• Impact of T1DM on these response
• Significance for glycaemic control and hypoglycaemia
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K Aerobic exercise

• Aerobic exercise (cardio) is physical exercise which depends primarily 
on the aerobic energy-generating process, and refers to the use of 
oxygen to adequately meet energy demands during exercise via 
aerobic metabolism. 

• Moderate intensity activities that are supported by aerobic 
metabolism can be performed for extended periods of time.

• People with low aerobic capacity can become anaerobic at low workloads
• Conversely, people with high aerobic capacity can perform high workloads for 

extended time
• Some muscle groups may be anaerobic if overall lactate produced can be 

metabolized

Ian Gallen
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K Anaerobic exercise

• Anaerobic exercise is a physical exercise intense enough to cause 
lactate to form. 

• It promotes strength, speed and power and to build muscle mass. 

• Muscle energy systems trained using anaerobic exercise develop 
differently compared to aerobic exercise, leading to greater 
performance in short duration, high intensity activities.

• Many mixed activities have periods of anaerobic exercise.

Ian Gallen
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Borg scale

9 corresponds to “very light” exercise. For a
Healthy person it is like walking slowly at his
or her own pace for some minutes.

13 on the scale is “somewhat hard” exercise,
But it still feels OK to continue.

17 “very hard” is very strenuous. A healthy 
Person can still go on but he or she really has
to push him or herself. It feels very heavy, 
and the person is very tired

19 on the scale is an extremely strenuous 
exercise level. For most people this is the 
Most strenuous exercise they have ever
Experienced.

Borg RPE scale
© Gunnar Borg. 1970m 1985, 1994, 1998
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Glucose Glycogen

Glucagon

EPI/NE

Insulin

FFA

Ketones

GH/Cortisol

EPI: epinephrine; FFA: free fatty acid; GH: growth hormone; NE: norepinephrine
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Insulin Receptor

Insulin

Insulin

Insulin glucose

Muscle cell Muscle cell

Insulin Receptor

Insulin

GLUT-4 
vesicles

GLUT-4 vesicles

glucose

Courtesy M Riddell 2017

Both Insulin and Contraction Increase Glucose Uptake Into 
Skeletal Muscle Via Distinct Mechanisms



18
thO

ctober2019 Glasgow
Ex

er
ci

sin
g 

fo
r T

yp
e 

1 
Di

ab
et

es
 . 

Pe
rfo

rm
in

g 
at

 y
ou

r P
EA

K 

Insulin 
Receptor

Insulin

Rest

Insulin

Insulin glucose

Muscle cell

GLUT-4 
vesicles

Muscle contraction, increased 
blood flow

Muscle cell

Insulin 
Receptor

Insulin

GLUT-4 
vesicles

glucose

Muscle cell

Insulin Receptor

Insulin

GLUT-4 
vesicles

HYPOGLYCAEMIA

Both Insulin and Contraction Increase Glucose uptake into muscle

Courtesy M Riddell 2017
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K Fuel Use changes with Intensity

• Increased work
• More glycogen use
• More glucose use
• Less fat use
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Plasma Glucose

Muscle Glycogen

Lipids

Romijn et al., Am J Physiol 1993; Van Loon et al., J Physiol 2001
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Plasma Glucose
Muscle Glycogen
Lipids
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Prolonged exercise increases glucose use

Walking Running

Romijn et al., Am J Physiol 1993; Van Loon et al., J Physiol 2001

Time (minutes)

Glucose use increases with duration 
and intensity of exercise
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K Summary of normal metabolic response to exercise
• Muscle energy source

• uses ATP from CP initially
• Then Glucose from muscle Glycogen
• Then glucose from liver glycogen
• The glucose from gluconeogenesis

• With prolonged aerobic metabolism, FFA and Ketones are the main 
fuel

• With increasing intensity and duration, glucose use increase
• These are mediated by falling insulin, increasing glucagon, and for 

intense exercise increase catecholamines and later Growth hormone
• This has significant implications for people with T1DM

Ian Gallen
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K Glycaemic response with types of exercise

Courtesy M Riddell 2017



18
thO

ctober2019 Glasgow
Ex

er
ci

sin
g 

fo
r T

yp
e 

1 
Di

ab
et

es
 . 

Pe
rfo

rm
in

g 
at

 y
ou

r P
EA

K 

A. Euglycaemia
§ ê Insulin
§ é counterregulation (glucagon, growth 

hormone, cortisol, catecholamines)

B. Hypoglycaemia
§ Relative hyperinsulinaemia
§ Impaired counterregulation

C. Hyperglycaemia
§ Relative hypoinsulinaemia
§ éCatecholamines
§ Anaerobic metabolism (lactate production)

Endocrine imbalance seen in T1DM during exercise

Courtesy M Riddell
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Data from Buckinghamshire 
Hospitals Diabetes Sports 
clinic

What Happens to Blood Glucose in Exercise in Type 1 Diabetes? 
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Mean ± SE plasma glucose during the experimental sessions (represented by box) and 60 min of recovery (n = 12 for aerobic exercise and no-exercise control; n = 11 
for resistance exercise). □, no-exercise control; , resistance exercise, ▲, aerobic exercise. A Statistically significant change from baseline in aerobic exercise. B 
Statistically significant change from baseline in resistance exercise. C Statistically significant difference between no-exercise control session and aerobic session. 

dStatistically significant change throughout recovery after aerobic exercise.

Yardley J E et al. Dia Care 2013;36:537-542

Different forms of exercise cause different  blood glucose responses

Ian Gallen
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K Repeated resistance exercise has different effects on glucose 

Tuner et al. Scan J. Med Sci 2014
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Aerobic first

Resistance first

Aerobic first
Resistance first

Glucose levels during and following different forms of exercise

Ian Gallen
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Ian Gallen

Likelyhood of further hypoglycaemia following morning or afternoon exercise 
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Effect of high or low intensity exercise on blood glucose in T1DM

Ian Gallen

Diabetes care
Vol 28:6 June 2005
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Delayed hypoglycaemia CGMS following exercise in T1DM

Ian Gallen
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K 
Hypoglycaemia seems to be more common with Glargine  than either NPH or Detemir

Ian Gallen

Diabetic Medicine Volume 26, 
Issue 10, pages 1027-1032

51 patients
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Ian Gallen
Diabetes, Obesity and Metabolism (2015).

Hypoglycaemia with longer acting analogue basal insulin

Diabetes Obes Metab. 2016 Feb;18(2):196-9.
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K Effects of exercise on blood glucose
• Aerobic/sub maximal exercise causes blood glucose to fall rapidly
• Intense exercise causes blood glucose to rise
• Aerobic/sub maximal exercise increases risk of nocturnal 

hypoglycaemia
• Repeated resistance exercise causes blood glucose to fall
• Intermittent high intensity exercise protects against hypoglycaemia 

during exercise, but is more likely to cause nocturnal hypoglycaemia
• Team sports have variable effect on glucose depending on position 

and intensity of play

Ian Gallen
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?Macdonald’s syndrome Late –onset hypoglycaemia following exercise
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Responses of glucose infusion rate (mg/kg{middle dot}min) (A), difference in glucose infusion rate (GIR) between 
exercise and rest studies (mg/kg{middle dot}min) (B), rate of carbohydrate oxidation (mg/kg{middle dot}min) (C), and 

rate of lipid oxidation (D) to exercise (solid lines) and rest (dashed lines) studies
McMahon, S. K. et al. J Clin Endocrinol Metab 2007;92:963-968

Biphasic response in glucose requirement with exercise

Increased glucose up take during exercise,
but also late after exercise

Ian Gallen
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Muscle cell

Insulin Receptor

Insulin

Low glycogen 
content

Increase glucose uptake after exercise increases risk of nocturnal hypoglycaemia
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K Things to consider before exercise
• What type of exercise is it?

• Will blood glucose go down or up?
• Which order shall I do the exercise?

• How close is exercise to the last meal injection?
• Will meal injection still be working?

• Does basal pump infusion rate need to change?
• Is the rate too high for exercise?

• Has there been a hypo in the last 24 hours
• Is it safe to exercise?

• What is the blood glucose value before exercise?
• take extra glucose, or exercise less hard, or bolus insulin?

Ian Gallen


