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T

he adoption and the maintenance of a proper training routine are critical elements for optimal blood glucose management and overall
health improvement in individuals with diabetes. Physical activity reduces cardiovascular risk, contributes to weight loss and improves
overall wellbeing. A combination of aerobic and resistance exercise maximizes the benefit of daily training. The risk of exerciseinduced complications varies depending on the activity type and the presence of diabetes-related complications. Prescribing a personalized
exercise programme may reduce the risk and maximize the benefit of physical activity in patients with diabetes.
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Diabetes mellitus is a chronic disease that affects many people around the world. Sedentary
lifestyle is considered a main risk factor for type 2 diabetes mellitus (T2DM). As presented in
this editorial, the advantages of activity in preventing and treating T2DM are widely recognized.
Exercise training improves glycaemic control, body composition, cardiorespiratory wellness,
physical functioning and prosperity in patients with T2DM or pre-diabetes.1 Lifestyle modification
that involves exercise training now represents a main strategy in diabetes prevention. The benefits
of exercise prescription in patients with diabetes include the improvement of blood glucose and
lipid level control as well as the reduction of body weight and blood pressure.2 Furthermore,
psychological benefits may follow, such as decreasing anxiety or depression and improvement of
sleep quality. In order to prevent diabetes, people often focus on medication and diet control, while
the benefits of exercise can overlooked by patients.1,3 Combined exercise (aerobic and resistance
training) should be a key component of any treatment plan for all patients at risk with T2DM.3,4
Exercise and diet, in combination with behavioural modification in patients with impaired glucose
tolerance, may be superior to medication use in delaying or even preventing the development of
T2DM, as shown in the Diabetes Prevention Programme.5,6 In this large, multi-centre, randomized,
placebo-controlled clinical trial that involved 2,161 high-risk individuals with impaired glucose
tolerance, the participants that received intensive counselling on effective diet, exercise and
behaviour modification lowered their risk of developing diabetes by 58%.5 In the metformin-treated
group the incidence of T2DM was decreased by 31% for both men and women.6 The increased
physical activity plus the reduction of daily fat consumption in the diet led to significant weight loss,
but only the reduction of body weight was independently associated with decreased progression
of impaired glucose tolerance on T2DM.7

Effects of exercise on metabolism and the regulation of
blood sugar
Insulin action can be modified depending on the intensity and the frequency of the training
programme.8,9 After aerobic exercise, muscle glucose uptake remains high during the early postexercise period via insulin-independent mechanisms; insulin sensitivity is markedly reduced and
improvement in insulin action may last for 24 hours.8,10,11 Contracting muscles during prolonged
exercise leads to elevated glucose uptake and contributes to the reduction of hyperglycaemia in
the post-absorptive state in patients with T2DM.12 Regular aerobic training boosts muscle insulin
sensitivity in individuals with pre-diabetes and T2DM in proportion to exercise volume.9,10,12 Neither
prolonged moderate nor intermittent high intensity exercise performed in the postprandial state
alters glucose or insulin response to a subsequent meal.12 A combination of endurance exercises
with resistance training may be of greater benefit, and high intensity interval training may be
superior to continuous aerobic training in adults with diabetes.9,12
It is well known that even a single bout of exercise has an explicit effect on the metabolism of
people with T2DM, including an increase of insulin-mediated glucose disposal both in the liver
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and the muscle tissue, and the improvement of glucose tolerance.13
A brief period of exercise, however, is insufficient to yield the longterm metabolic benefits of repeated training on a daily basis and, as
a result, the permanent increase of maximal oxygen consumption, the
improvement of body composition and other cardiovascular parameters,
and the maintenance of body weight reduction are not guaranteed.14

Types of exercise and general recommendations
Different types of training, including aerobic, resistance and flexibility
exercises, could be recommended, but the intensity, duration and
frequency of the exercises, as well as some safety measures, should be
explained to patients when prescribing a training programme.1,3 Aerobic
exercise involves repeated and continuous movement of large muscle
groups. Activities like walking, cycling, jogging and swimming rely
primarily on aerobic energy-producing systems. Resistance (strength)
training includes exercises with the use of free weights, weight
machines, body weight and resistance bands (multi-joint exercises).1,8,15
Flexibility exercises improve range of motion around the joints. Balance
exercises benefit gait and prevent falls. Activities like tai chi and yoga
combine flexibility, balance and muscle strength improvement at the
same time.3,8,11
Walking, or other low to moderate intensity aerobic exercises, 2–7 days
a week (150 minutes in total) or jogging or other high intensity exercises
3 days a week (90 minutes in total), are generally recommended in
order to improve glycaemic control, facilitate weight management and
reduce the risk of cardiovascular disease.3,4 In order to achieve long-term
maintenance of weight loss, 7 hours per week of moderate to vigorous
aerobic physical activity may be necessary.16 For most patients with
diabetes, their physical activity should be distributed over 3–5 days per
week with no more than 2 consecutive days without physical activity,
in order to attain continuous glycaemic improvement.17 Weight lifting or
other muscle-strengthening resistance exercises, 3 days a week, could
be combined with aerobic training.3,4,15 Given the fact that higher intensity
exercise is correlated with increased cardiovascular risk, greater chance
for injury and lower compliance compared to lower intensity exercise,
people with diabetes who have been inactive should initially engage
in physical activity of low to moderate intensity. The intensity of their
physical activity should be monitored.14 Finally, the mode of exercise
should be individualized depending on the patient’s characteristics; for
example, stationary cycling or swimming would be preferable to slow
walking for obese individuals or patients with peripheral neuropathy or
microvascular disease.16
Sedentary lifestyle has been clearly associated with a doubled risk of
all-cause cardiovascular mortality, exceeding, in some cases, other
classic risk factors for cardiovascular disease, such as diabetes.18,19
Environmental and technological advances, in combination with the
impact of urbanization and mechanization on the modern lifestyle,
contribute significantly to the lack of exercise in the population,
despite the recommended guidelines and the proven health benefits
of daily physical activity.20 The development of behavioural modification
techniques in order to improve exercise habits in the general public
necessitates clarification of the most favourable type of activity, the
amount of time and intensity required and the identification of acceptable
and effective exercise derivations.21
Given the existing behavioural challenges in improving physical activity,
regular physician counselling regarding exercise is recommended in
order to limit the deleterious effects of a sedentary lifestyle.22
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Pre-exercise health screening precautions
In most people with diabetes, low intensity activity is generally
recommended without any previous testing.8,16 Physical activity has
some potential health risks for people with diabetes, including acute
complications like cardiac events, hypoglycaemia and hyperglycaemia.
In low and moderate intensity activity undertaken by adults with T2DM,
the risk of exercise-induced adverse events is low.8 In individuals with
T1DM at any age and those with T2DM who require insulin therapy,
the most usual exercise-induced adverse event is hypoglycaemia.23,24
Other common problems in these patients may include an acute rise in
blood glucose during high intensity, short-term exercise and ketosis as
a response to strenuous exercise. According to the American Diabetes
Association guidelines, adequate glycaemic control is needed prior to
physical activity.Exercise should be avoided if fasting glucose is >250
mg/dL and blood or urine ketones are elevated; carbohydrates should
be ingested if glucose is <100 mg/dL, and blood glucose monitoring
should be carried out before, during and after physical activity; and the
consumption of food during extensive exercise is suggested in order to
avoid hypoglycaemia.8
No current research suggests that any screening protocol beyond usual
diabetes care reduces the risk of exercise-induced adverse events in
asymptomatic individuals with diabetes. Thus, pre-exercise medical
clearance is not necessary for asymptomatic individuals who engage in
low to moderate intensity exercises that do not exceed the demands
of brisk walking or everyday living and who already receive diabetes
care consistent with the current guidelines.8 However, in cases where
an increase of exercise intensity is desired, patients with diabetes may
benefit from a referral to a healthcare provider for a check up and a
possible exercise stress test before starting such activities. Effective
screening for coronary artery disease, peripheral vascular disease,
nephropathy, retinopathy and peripheral and autonomic neuropathy
will determine the risk of acute complications and identify the most
appropriate physical activities to avoid or to limit.25
In individuals with both known and unknown coronary artery disease,
exercise may precipitate angina, myocardial infarction, arrhythmia and
sudden cardiac death; therefore, a graded exercise stress test before
initiating exercise is advised.25 In patients with proliferative retinopathy,
there are considerable restrictions on the type and intensity of the
exercise programme that can be prescribed. The risk of ocular damage,
vitreous haemorrhage and retinal detachment remains high during
exercises that increase blood pressure and involve Valsalva manoeuvres.
As a result, activities that are jarring, traumatic or involve excessive
strain (e.g. weight lifting) are contraindicated; swimming, walking or
stationary cycling are recommended for these individuals, but regular
ophthalmology follow up every 1–2 months is mandatory.26
Autonomic neuropathy reduces cardiac response to exercise and
is strongly associated with high cardiovascular disease, so cardiac
workup is necessary before initiating exercise.27 In individuals with
peripheral neuropathy there is a high prevalence of ulcers and Charcot
foot morphology; therefore, non-weight-bearing exercise is the most
appropriate form of training for these patients.25 There are no particular
limitations to physical activity in patients with diabetic nephropathy;
exercise may cause microalbuminuria due to an increase in blood
pressure, but there is no evidence that exercise leads to progression of
nephropathy. The risk factors for nephropathy are similar to those for
coronary artery disease, so appropriate pre-exercise screening should
be performed, as mentioned above.28
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Diabetes and exercise during pregnancy
Despite the physiological changes that occur during pregnancy in
response to the development of the foetus and the increased metabolic
demands of both mother and foetus, regular physical activity is as
beneficial in pregnant women as in non-pregnant individuals.29 Maternal
benefits include the decreased risk of excessive weight gain, gestational
diabetes mellitus and gestational hypertension; reduced incidence of
muscle cramps, lower limb oedema and musculoskeletal discomfort; and
prevention of urinary incontinence, reduced symptoms of depression
and promotion of overall wellness.30
Furthermore, exercise during pregnancy is associated with a decreased
number of women who required insulin, a shorter labour and a decreased
incidence of operative delivery. Foetal health benefits related to the
mother’s regular physical activity include reduced fat mass, advanced
neurobehavioral maturation and improved stress resistance.31 According
to the most recent guidelines, 60–150 minutes of aerobic exercise per
week with an upper limit of 30 minutes/day is generally recommended.
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A gradual, weekly increase of physical activity in combination with
vigorous exercises and light weight training could be added to the
training routine of healthy pregnant women. Among the international
guidelines, discrepancies exist regarding the recommended intensity of
exercise.31 More studies are needed to identify the most effective type
and duration of activity and to evaluate the effect of regular training in
pregnant women with pre-existing diabetes.32

Conclusion
Exercise plays a cornerstone role in the management of patients
with diabetes due to the proven overall health benefits that a proper,
regular training routine can offer. The adaptation of regular training
for everyday living of these individuals is crucial and can be achieved
through effective counselling offered by healthcare providers. The
benefits of a training programme should always outweigh any possible
risks. The elimination of exercise-induced complications demands
proper pre-exercise screening and close monitoring of individuals with
high cardiovascular risk.
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