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Diabetes and exercise

Exercise has a benefi cial effect on metabolic parameters 
affecting cardiovascular risk, such as lipids and blood glucose, 
and is a key component in both the prevention and the 
management of type 2 diabetes. Glycaemic control improves 
with both aerobic and resistance exercise in type 2 diabetes, but 
no glycaemic benefi t is seen in type 1 diabetes. This probably 
results from glucose fl uctuations commonly seen with exercise. 
Low and moderate intensity exercise are generally associated 
with a fall in blood glucose, and high intensity exercise can 
be associated with a rise in blood glucose. Trial evidence is 
suggestive of a reduction in cardiovascular risk with exercise, 
although evidence from prospective, randomised controlled 
trials is certainly not conclusive.

Introduction

A formal defi nition of the word exercise would be ‘physical 
activity carried out to sustain or improve health or fi tness’. 
Diabetes is a major cause of morbidity and premature mortality 
in many countries, in particular related to cardiovascular 
disease. Physical activity and exercise is known to have a 
benefi cial effect on a variety of factors relevant to diabetes and 
cardiovascular disease, including blood pressure, lipid profi les, 
endothelial function, body composition and insulin sensitivity.1 
Exercise is therefore recommended for both the prevention of 
diabetes and the treatment of people with diabetes. The latest 
recommendations of the American Diabetes Association are 
detailed in Box 1.2

Exercise in the prevention of type 2 diabetes

The prevalence of type 2 diabetes mellitus (T2DM) is increasing 
both nationally in the UK and globally at an alarming rate.3 
This epidemic is associated with increases in obesity and 
physical inactivity, so exercise would appear to be a key strategy 
for reversing this trend.

Interventions involving physical activity have been shown to 
reduce the risk of developing T2DM by between 47 and 58% in 
high-risk groups,4–6 and this reduction in incidence has been 
shown to persist for 10 years following the initial intervention.7 
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Positive lifestyle changes that are made during the intervention 
period persist during the follow-up period, in particular, 
signifi cant differences in physical activity can be maintained.8 
Long-term follow-up in one of these studies has demonstrated 
a signifi cant reduction in both cardiovascular and all-cause 
mortality at 23 years.9 Other long term follow-up studies have 
not demonstrated this difference, but they were not powered 
to detect differences between the groups.10 In an attempt to 
overcome this problem, participants from the Finnish Diabetes 
Prevention Study (DPS) were compared with a matched 
group with impaired glucose tolerance from another Finnish 
study. This comparison demonstrated signifi cantly lower total 
mortality and cardiovascular risk in the Finnish DPS exercise 
cohort.11 

Exercise in the treatment of type 2 diabetes

Traditionally, exercise advice in T2DM has focused on 
aerobic activity – the type of lower-intensity activity that can 
be undertaken for extended periods of time, and that can 
therefore contribute both to lowering of blood glucose and 
also to signifi cant increases in energy expenditure which can 
aid weight loss. More recently, it has been recognised that 
resistance exercise, which is often anaerobic in nature, can 
also have signifi cant benefi ts for those with T2DM. Resistance 
exercise has acute benefi ts in terms of insulin sensitivity, and 
can also contribute to an increase in lean body mass that helps 
to maintain these benefi ts. A further benefi t of resistance 
exercise can be to increase functional capacity, which can 
be particularly important for patients in maintaining their 
independence.

Box 1. Exercise recommendations for people with 
diabetes.

Based on the American Diabetes Association Standards for 

Diabetes Care 2014.

>  Adults with diabetes should be advised to perform at least 

150 minutes per week of moderate-intensity aerobic physical 

activity (50–70% of maximum heart rate), spread over at 

least 3 days per week with no more than 2 consecutive days 

without exercise.

>  In the absence of contraindications, adults with type 2 diabetes 

should be encouraged to perform resistance training at least 

twice each week.
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show any difference in a composite cardiovascular endpoint 
(consisting of death from cardiovascular causes, nonfatal 
myocardial infarction, nonfatal stroke and hospitalisation for 
angina) with an intensive lifestyle intervention when compared 
with standard diabetes education over 10 years.17 However, this 
may be explained by the fact that differences in cardiovascular 
risk factors between the two groups did not persist throughout 
the study, and the use of cardioprotective medications (such 
as ACE inhibitors, statins and metformin) was lower in the 
intervention group.

Exercise and type 1 diabetes

Many people with type 1 diabetes mellitus (T1DM) are keen 
to take part in sport and exercise, often inspired by famous 
athletes who have diabetes such as Sir Steve Redgrave. This 
can be because they are talented sports people, or simply 
because they wish to maintain a healthy lifestyle. T1DM 
does not have the same association with obesity and insulin 
resistance as T2DM, but evidence from patients with T1DM 
does demonstrate improvements in lipid profi le, endothelial 
function and insulin sensitivity with exercise.18 Exercise 
also theoretically reduces both cardiovascular and all-cause 
mortality, although as with T2DM, evidence from intervention 
studies is lacking. Interestingly, improvements in HbA1c are 
not seen with exercise in T1DM.19 There are clear challenges to 
sport and exercise in diabetes, and fear of hypoglycaemia is the 
main factor limiting the adoption of a more active lifestyle by 
people with T1DM.20 The often erratic dysglycaemia that can be 
associated with exercise may well explain why improvements in 
glycaemic control are not seen in T1DM. 

Challenges of exercise with diabetes

There is often concern about the safety of exercise for patients 
with diabetes, although for most people, the benefi ts are likely 
to outweigh any risks. Guidance on pre-exercise assessment 
can be found in Table 1.2 Managing blood glucose during 
exercise can also be a challenge, but guidance is available.21 
A brief summary of common problems and basic strategies 
is given below. The physiological basis for these problems is 
summarised in Table 2.

Hypoglycaemia

Exercise in diabetes, particularly T1DM, can predispose 
patients to hypoglycaemia. The most rapid drop in blood 
glucose usually occurs during aerobic or endurance 
exercise, when circulating insulin suppresses metabolic 
fuel production and increases glucose uptake into muscles, 
but an attenuated drop in blood glucose is also seen with 
intermittent high-intensity exercise (which is a mixture 
of both aerobic and anaerobic exercise, characteristic of 
team sports and children’s play).22 Hypoglycaemia can also 
occur after all types of exercise, often overnight, most likely 
because of a combination of increased insulin sensitivity and 
the need to replenish depleted energy stores.23 An extreme 
case is hypoglycaemia-associated autonomic failure, where 
a vicious cycle of recurrent hypoglycaemia develops. This 
occurs because exercise blunts the endocrine response to 
hypoglycaemia, but hypoglycaemia also blunts the endocrine 

Much of the data regarding the effects of exercise on blood 
glucose in T2DM has come from small studies with short 
follow-up, and so it has been diffi cult to compare the relative 
benefi ts of aerobic and resistance exercise. A recent meta-
analysis demonstrated that structured exercise training was 
associated with a reduction in glycated haemoglobin (HbA1c) of 
0.67% in people with T2DM, with benefi t coming from aerobic 
or resistance exercise separately and both in combination.12 
The duration of the structured exercise programmes was also 
found to be important. Programmes with an exercise duration 
of greater than 150 minutes per week were associated with an 
HbA1c reduction of 0.89%, whereas those with duration less 
than 150 minutes per week were associated with a reduction 
of 0.36%. Physical activity advice was also associated with a 
signifi cant reduction in HbA1c, but only in combination with 
dietary advice.

More recently, there has been considerable interest in 
high-intensity interval training (HIIT). This consists of very 
short bursts of very high-intensity exercise interspersed with 
periods of recovery. Early studies with HIIT in T2DM suggest 
that it is safe and feasible, and acutely results in a lowering 
of blood glucose.13,14 To date, no studies have looked at the 
effects of HIIT on HbA1c in people with T2DM, and further 
research is necessary to evaluate effectiveness of this training 
in the sub-group of people with T2DM capable of performing 
it. Standardising interventions may make this evaluation 
challenging.

Again, a key question is whether improving glycaemic control 
(and other cardiovascular risk factors such as lipid profi le and 
adiposity15) confers a reduction in the occurrence and severity 
of cardiovascular disease. A recent meta-analysis of cohort 
studies coupled with data from a prospective cohort study have 
suggested that there is a signifi cant benefi t, demonstrating 
an inverse relationship between physical activity and both 
cardiovascular disease and all-cause mortality.16 By contrast, 
a randomised controlled trial designed to look at this did not 

Key points

>  Exercise is well recognised to reduce the risks of cardiovascular 

disease and to help improve metabolic profi les.

>  Pre-exercise assessment may be needed in those with 

diabetes who are new to exercise, but moderate exercise is 

generally safe.

>  Both aerobic and resistance exercise are useful in the 

treatment of type 2 diabetes.

>  Moderate intensity exercise is often associated with 

hypoglycaemia in diabetes.

>  High intensity exercise can be associated with 

hyperglycaemia in diabetes.

KEYWORDS: Exercise, type 1 diabetes, type 2 diabetes, 

physical activity ■
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response to exercise, and in extreme cases can result in 
signifi cant morbidity.24

Strategies to combat hypoglycaemia involve reducing 
circulating insulin by reducing insulin doses and/or increasing 
energy intake, usually in the form of carbohydrate before 
or during exercise. Which strategy is adopted depends 
on individual goals; for example, if weight loss or weight 
maintenance is important, then a reduction in insulin dose 
would be preferable. In T1DM, continuous subcutaneous 
insulin infusion (also known as insulin pump therapy) offers 
the opportunity to reduce circulating insulin in a manner that 
more closely mimics normal physiology.

Hyperglycaemia 

High-intensity or anaerobic exercise can predispose to 
hyperglycaemia, primarily through the normal metabolic 
response to exercise of this intensity, which includes a 
signifi cant rise in catecholamines.25 Hyperglycaemia can also 
be seen after all types of exercise, as metabolic fuel production 
is driven by changes in levels of circulating hormones. These 
do not return to normal immediately at the end of exercise, 
meaning that a rise in blood glucose can be seen after exercise 
fi nishes.

There is very limited evidence available on how to avoid 
hyperglycaemia during or after high-intensity exercise. Advice 
based on experience has recommended the use of small insulin 
doses of 1 or 2 units of rapid-acting insulin.

Summary

Exercise has many health benefi ts, and these are important 
in both T1DM and T2DM. It is important to be aware that 
both hypoglycaemia and hyperglycaemia can occur during 
exercise, but strategies are available to deal with these 
challenges. ■
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Moderate intensity 
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High intensity 
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Primary metabolic 

fuel 
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Glucose 

Main factor 

increasing fuel 

production 
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