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Abstract 
Exercise is one of the most important components, together with insulin therapy and diet, in the 
clinical management of type 1 diabetes mellitus (T1DM). Physical activity has multiple health 
benefits, like blood pressure reduction, improvement of cardiovascular fitness and lipoprotein 
profile. The benefits for children with diabetes may also include positive effects on glycemic me-
tabolism. The following review examines the main studies about the effects of exercise on diabetes. 
Additional longitudinal studies are needed to verify the hypothetical positive relationship be-
tween sport and T1DM and between sport and diabetic complications. However, aerobic and 
moderate intensity physical activity in children and adolescents with T1DM should be encouraged 
also for its beneficial psychological effects. 
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1. Introduction 
Physical exercise is characterized by different hormonal and metabolic changes (Figure 1) [1] [2]. 

During physical activity, muscles involved in exercise receive an increased blood flow that improves oxygen 
and energy substrates delivery and removes carbon dioxide. 

The increased muscle energy requirements cause a reduction of blood glucose concentration, which leads to 
the suppression of insulin secretion and activation of counter-regulatory responses [3]. At the level of muscular 
cells, these energetic requests are sustained by increased intracellular adenosine triphosphate concentration, fol-
lowed by the activation of glycolisis and glycogenolysis. 
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Figure 1. Metabolic and hormonal changes during exercise.                                              

 
Therefore, the hormonal changes that characterize this early phase are the reduction of absolute concentration 

of insulin, increased levels of circulating epinephrine and muscular insulin concentration, due to the higher local 
blood flow. 

The activation of hepatic glycogenolisis, gluconeogenesis, and adipose lypolisis protect against hypoglycemia 
and, at the same time, guarantee a continuous amount of glucose to the muscles in order to replace the molecules 
removed by the metabolic consumption. This second step is characterized by increased secretion of cortisol and 
growth hormone [1] [2] [4]. 

This is how circulating glucose levels are kept within the normal ranges, even when exercise lasts for hours. 
The activation of the different metabolic processes depends on several factors, such as duration, type and in-

tensity of exercise, physical training and diet [5]-[9]. 
The duration of the exercise, as mentioned above, causes the gradual transition from the oxidation of glucose 

to the fatty acid oxidation [6]. 
The type of exercise performed is of importance, as it changes the way of generating energy in the muscles. 

Anaerobic activities are characterized by higher intensities and shorter muscular contractions and are sustained 
by the glycolytic system. These activities tend to cause dramatic increases in blood glucose levels. 

Aerobic activities are characterized by lower intensities of muscular contraction. These contractions are 
usually more prolonged and their substrates are carbohydrates, fats, and some proteins for mitochondrial oxida-
tion. Aerobic metabolism is the primary method of energy production during endurance activities and causes 
blood glucose decrease both during and post activity. 

Intensity of exercise, expressed by maximal oxygen uptake (VO2 max), plays as well a role in the energetic 
metabolism. Carbohydrates are the main source in case of high intensity exercise. On the contrary, in situations 
of long-lasting physical activity of low intensity, fats oxidation increases [7]. 

Another cofactor affecting the energetic metabolism is the physical training: it improves the capability of em-
ploy fat for energy, the insulin sensitivity and the activity of the skeletal muscle glycogen synthesis [8]. 

Finally, a diet rich in carbohydrates can increase carbohydrates oxidation during exercise. Furthermore, car-
bohydrates intake may also restore hepatic and muscular glycogen, leading to adequate glucose production dur-
ing the exercise [9]. 
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2. Short-Term Effects of Physical Activity on T1DM Children 
In children with T1DM, the insulin levels during exercise are independent by the counter-regulatory processes, 
as peripheral insulin concentration depends on injected amount and pharmacological formulation, and the time 
elapsed since the last administration [10] [11]. Therefore differently from healthy children, the regulation of 
blood glucose concentration during exercise is not well controlled: the physiological suppression of insulin is 
totally absent. 

The result is an inadequate or exaggerated activity of the muscular uptake of glucose, the liver production of 
glucose, and the free fatty acids production in the adipose tissue. Because of the blunted metabolic changes, ex-
ercise in patients with T1DM may induce hypoglycaemic or hyperglycemic episodes (Figure 2 and Figure 3), 
both during or several hours after physical activity. 

2.1. Hypoglycemia 
Hypoglycemia is the most frequent adverse event during or after muscle activation in patients with T1DM. Sev-
eral circumstances may induce an increased blood concentration of insulin, which results in hypoglycemia: 

 

 
Figure 2. Response to exercise in the diabetic subject with hyperinsulinization.                

 

 
Figure 3. Response to exercise in the diabetic subject with hypoinsulinization.                  
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-Serum insulin concentration is independent by exercise because insulin is given by injection or pump [10] 
[11]. 

-Serum insulin concentration may be increased by exercise if the injection is performed in a muscle involved 
in the physical activity [11]. 

-Insulin-suppression, mediated by the adrenergic system, is absent at the beginning of the muscular work [12]. 
-Exercise induces an increased insulin sensitivity that may induce an exaggerated glucose uptake. This effect 

appears to be enhanced by hyperinsulinemic levels, especially after exercise. As the insulin sensitivity increases 
during and after exercise, the glycogen stores decrease, the muscle glucose uptake increases, and hypoglycemia 
may occurs later, mainly during the night [13]. 

-Blunted insulin/glucagon rate and inadequate hepatic glucose production [14]. 
-The decreased sympathetic nervous system activity causes an impaired counter-regulatory response. 
These alterations result in a reduction of counter-regulatory responses exercise-related and cause the fall in 

glucose levels [15]. 
All these factors increase the risk of exercise-induced hypoglycemia in diabetic patients. A number of factors 

may affect the neurohormonal changes during exercise, increasing the risk of hypoglycemia: glycemic trend, 
antecedent hypoglycemic episodes, timing of exercise along with the last insulin injection, higher absorption of 
peripherally injected insulin, duration and type of activity, increased insulin sensitivity after exercise, timing and 
type of pre-exercise diet, autonomic defects [16] [17]. The glycemic trend before, during and after exercise, and 
especially antecedent hypoglycemic episodes play a central role in the control of glycemia, In fact, an antece-
dent hypoglycemic episode compromise the neurohormonal changes, inducing an increased risk of hypoglyce-
mia during the muscle activation [16]. The interval between the last insulin injection and the beginning of exer-
cise represents another important factor responsible for hypoglycemia: the risk is higher with the shorter the in-
terval. This effect may be amplified by insulin injection into working muscle [18]. 

2.2. Hyperglycemia 
Physical exercise in diabetic patients may cause an increased risk of both hyperglycemia and ketosis. Adequate 
insulin concentrations regulate blood glucose levels and prevent hyperglycemia. Furthermore, insulin makes 
possible local glucose uptake in the working muscles and may balance an excessive blood glucose increase, due 
to counter-regulatory hormones. Low insulinemia at the beginning of the physical activity may cause severe 
hyperglycemia and ketoacidosis [19]. As muscular activity begins, hyperglycemia and ketoacidosis will deteri-
orate, with a further increase in the production of counter-regulatory hormones [20]. Hyperglycemia and ketosis 
are strongly influenced by the interval between the last insulin injection and the exercise, especially if exercise 
begins too late in comparison to the injection, as the insulinemia decreases progressively after injection. All 
these effects may be worsened if high glycemic levels occur before exercise. 

Prolonged and high intensity exercise may increase the risk of hyperglycemia and muscle metabolism is pre-
dominantly based on lipid oxidation [21]. High intensity exercise causes an increase in glucose production 
through the activation of the counter-regulatory responses [22]. 

3. Long-Term Effects of Physical Activity on T1DM Children 
It is generally known that physical activity has multiple health benefits. In T1DM children with adequate meta-
bolic control, regular physical exercise improves insulin sensitivity, resulting in a reduction in the insulin daily 
needs [23]. Furthermore regular activity is associated with reduction of glycemic levels during and after exercise 
and lower post-prandial glycemic peak [24]. 

Several studies support the hypothesis that physical activity improves metabolic control in T1DM children 
[25]-[38] (Table 1). Huttunen et al. studied a sample of 84 T1DM children compared with 94 healthy controls. 
They found that physical working capacity was inversely related to concentration of HbA1c in diabetic boys 
[25]. The same group studied 32 youth with T1DM: half of them participated to a training program and the oth-
ers were involved in non-physical activities for the same period of time (1 hour/week for 3 month). Any group 
showed an improved metabolic control; nevertheless, when the study group was stratified for level of participa-
tion, metabolic control was significantly better in the patients that participated regularly, regardless of the type 
of activity [27]. Herbst et al., in a sample of 19.143 patients, demonstrated that frequency of regular physical ac-
tivity represents an important factor for the glycosilated haemoglobin level (HbA1c), with no increasing risk of  
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Table 1. Main studies on effects of exercise in children with T1DM. Abbreviations: T1DM, type 1 diabetes mellitus; yrs., 
years; HbA1c, glycosilated haemoglobin; PWC, Physical Working Capacity; wk, week; mo., month; RPA, regular physical 
activity; BMI, body mass index; VO2 max, maximal oxygen uptake; CHO, carbohydrate.                                

Author Patient Method Main Outcome 
Measures Results 

Huttunen  
et al. [25] 

84 T1DM (6.3 - 18.8 yrs.) 
94 healthy controls  

(8.5 - 18.8 yrs.) 

Submaximal progressive 
 exercise test HbA1c 

PWC is lower in T1DM boys 
PWC is inversely related  

to age (p < 0.01) and  
HbA1c (p ≤ 0.025) 

Ludvigsson  
et al. [26] 

143 T1DM  
(1 - 16 yrs.; 7.3 ± 3.9 yrs.) 

Weekly history of  
physical activity Glycosuria 

Positive correlation  
between degree of  

exercise and metabolic  
control (r = 0.54, p < 0.001) 

Huttunen  
et al. [27] 

32 T1DM  
(8.2 - 16.9 yrs.; 11.9 yrs.) 

Exercise group (n = 16),  
1 h/wk of training for 3 mo. 
Non exercise group (n = 16),  

1 h/wk of non-physical  
activity for 3 mo. 

HbA1c 

HbA1c was significantly  
better among T1DM subjects  

participating frequently  
(≥11 - 13 sessions) than  

among those participating  
infrequently (<11 -13 sessions) 

Sackey  
et al. [28] 135 T1DM children 

Home diary for 6 days  
period to record details  

of physical activity 

Fructosamine 
Blood glucose 
Subscapular  

skin fold thickness 

Negative correlation between 
early morning activity  

and blood glucose (p = 0.004) 

Herbst  
et al. [29] 

19.143 T1DM  
(3 - 20 yrs.) Recording frequency of RPA 

HbA1c 
BMI 

Hypoglycemia 

HbA1c is lower in groups  
with more frequent RPA 

In female BMI is lower in groups 
with more  

frequent RPA No influence  
of RPA on hypoglycaemia 

Dahl-Jorgensen  
et al. [30] 22 T1DM (11 yrs.) 

Exercise group (n = 14),  
1 h/twice weekly of supervised  

exercise program for 5 mo. 
Non exercise group (n = 8) 

HbA1c 
Blood Glucose 

Glycosuria 
Insulin-dosage  

per kilo body weight 

No change in blood glucose, 
insulin dosage and  

glycosuria Reduction of  
HbA1c from 15.1 ± 2.2  
to 13.8 ± 1.9 (p < 0.001) 

Stratton  
et al. [31] 16 T1DM adolescents 

Supervised exercise group (n = 8),  
8 wk program of supervised  

exercise Non supervised exercise 
group (n = 8), 8 wk program  
of non supervised exercise 

Glycosylated  
serum albumin 
Blood glucose 

Improvement of  
glycosylated serum albumin 
 and of blood glucose values  

in the supervised  
exercise group 

Campaigne  
et al. [32] 19 T1DM (5 - 11 yrs.) 

Exercise group (n = 9),  
30 minutes of vigorous exercise,  

3 times/wk for 12 wks 
Non exercise group (n = 10) 

HbA1c 
 

Blood glucose 

Decrease of HbA1c  
and blood glucose  

in the exercise group 

Mauvais-Jarvis  
et al. [33] 

12 T1DM adults  
(32 ± 7 yrs.) 

1. Occasion, 60-min high-intensity 
cycle exercise performed with the 

usual morning insulin dose 
2. Occasion, 60-min high-intensity 

cycle exercise performed after  
50% - 90% reduction of  

morning insulin dose 

Blood glucose 

T1DM patients can perform in-
tense muscle exercise  

after a 50% - 90% without  
worsening metabolic control 

Mosher  
et al. [34] 

10 T1DM (17.2 ± 1.2 yrs.) 
10 healthy controls  

(19.4 ± 1.3 yrs.) 

Mixed endurance and  
calisthenic/strength 

Activities performed at a rapid  
pace three times weekly  

for 12 wks 

Blood glucose 
HbA1c 

Lean/Fat body mass 

Increase in lean body mass 
Reduction in body fat 

No change in blood glucose 
Reduction of 0.96% in HbA1c 

Larsson  
et al. [35] 

6 T1DM (15 - 19 yrs.) 
6 healthy controls  

(15 - 19 yrs.) 

Training program consisting  
in 5 months’ regular  

physical activity 

VO2 max 
Heart volume 

Glycosuria 
CHO intake 

Similar and significant  
increase in VO2 max and  

heart volume in both groups 
Unchanged glycosuria after in-

crease of CHO intake 
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Continued 

Landt  
et al. [36] 15 T1DM adolescent 

Exercise group (n = 9), 45  
minutes for 3 times/wk for 12 wks 

Non exercise group (n = 6) 

Insulin sensitivity 
HbA1c 

Increase in insulin  
sensitivity (23% ± 5%) 

Unchanged HbA1c 

Roberts  
et al. [37] Adolescent with T1DM 

12 wks of supervised  
training followed by 12 wks  

unsupervised training 

Aerobic capacity 
HbA1c 

Improve of aerobic capacity 
during supervised training 

HbA1c not affected by training 

Zinman  
et al. [38] 

15 T1DM youth 
7 healthy subjects 

45 minutes of cycle 
exercise 3 times/wk  

for 12 wks 

Blood glucose 
HbA1c 

VO2 max 
Body weight 

Caloric intake 

Increase of caloric intake  
on exercising days 
Unchanged HbA1c 

 
severe hypoglycemia [29]. These findings suggest a relationship between increased aerobic capacity and im-
proved glycemic control. In addition, glycemic control appears to be improved among diabetic patients moti-
vated to participate to any kind of activity. 

However, few are the longitudinal studies at the moment, and their findings are controversial. 
Some clinical trials documented beneficial effects of exercise on glycemic control [30]-[34]. Stratton R et al., 

studying a sample of 16 diabetic patients, found that after an exercise-program of 8 weeks, glycosilated serum 
albumin and blood glucose values improved despite reduced daily insulin dosage [31]. Mauvais-Jarvis F et al. 
demonstrated that T1DM patients could perform intense muscle exercise after a 50% - 90% reduction in insulin 
dose. The decrease prevents hypoglycemia without worsening the metabolic control [33]. In an intervention trial 
with control group, Mosher PE et al. showed a significant reduction of HbA1c (0.9%) after 12 weeks of exer-
cise-program [34]. 

On the other side, many studies showed no improvement in glycemic control after physical activity [35] [36]. 
Landt KW et al. found that, after a program of exercise training lasted for 12 weeks, insulin sensitivity improved 
despite HbA1c levels remained constant (12% ± 1%), indicating that exercise training alone does not improve 
glycemic control [36]. 

Roberts L et al. demonstrated that the average levels of HbA1c both in poorly and well-controlled diabetic 
patients were not affected by exercise (12 weeks of supervised training followed by 12 weeks of unsupervised 
training). These findings indicate that, irrespective of glycemia prior to the exercise training, glycemic control 
does not improve in response to exercise training alone [37]. 

Improvements in VO2 max without changes in glycemic control have been reported by Zinman et al. after 12 
weeks of bicycle and treadmill exercise respectively [38]. 

The controversial results of the reported studies might be due to the different methodological approaches and, 
in some cases, to the small number of patients. In addition, a further explanation could be given by the excessive 
intake of carbohydrates to prevent hypoglycemia. This caloric intake can neutralize the beneficial glycemic lo-
wering effects of physical activity. However, as it is well known, exercise together with insulin therapy and diet, 
is one of the three most important factors affecting the long-term metabolic control. Its role could be explained 
by various beneficial effects, commonly observed also in the healthy population. Physical activity in children 
and adolescents affected by T1DM should be encouraged regardless of its hypothetical beneficial effects on 
glucose metabolism, mainly its positive effects on cardiovascular risk, i.e. improvement of lipoprotein profile 
and cardiovascular fitness, and decreased blood pressure [39] [40]. 

A multicenter study conducted on 23.251 patients confirms that increasing physical activity in children with 
T1DM is associated with a beneficial cardiovascular risk profile, such as lower lipoprotein levels and decreased 
diastolic blood pressure, associated with better glycemic control [41]. 

These effects are particularly important in diabetic children at high risk of atherosclerotic complications. Pa-
tients with T1DM have a 4-fold (men) to 8-fold (women) increased risk of coronary heart disease compared with 
the general population [42]. Long-standing diabetes, age, poor glycemic control, smoking, hypertension, obesity 
and dyslipidemia are the principal causes of this additional risk.  

Beneficial effects on psychological well-being, cardiovascular fitness, muscle capacity and especially on ob-
esity may be reported even for this group of patients. Mosher PE et al. found that after physical activities per-
formed regularly (3 times/week for 12 weeks), diabetic adolescents increased their lean body mass and im-
proved their cardiorespiratory endurance and their strength [34]. 
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From the considerations made so far, it appears that regular physical activity may prevent complications of 
diabetes. However, exercise may worsen the diabetes-related chronic complications. Patients that have prolifera-
tive retinopathy or nephropathy should avoid exercise conditions that can result in high arterial blood pressures. 
[43]. In fact, high-intensity exercise may cause progression of microvascular damage, leading to vitreal hae-
morrhage or retinal detachment in patients with diabetic retinopathy, and increase of proteinuria in those with 
diabetic nephropathy [44] [45]. 

Diabetic neuropathy affects the autonomic nervous system, involved in all involuntary function. Several ef-
fects may be due to this condition: decreased maximal cardiac capacity and outputs, decreased cardiovascular 
rate during exercise, orthostatic hypotension, impaired sweating, impaired gastrointestinal function [46]-[49]. 

The relationship between physical activity and prevention/progression of diabetes complications has been 
poorly studied. The Epidemiology of Diabetes Complications Study in 1991 found an inverse relationship be-
tween physical activity and presence of complications. History of physical activity of each patient was examined 
as well, showing the same inverse relationship [50]. 

Recently, a cross-sectional study on 1.945 patients about leisure time physical activities (LTPA), showed a 
lower frequency of LTPA in patients with microalbuminuria than in those with a normal renal function. These 
results suggested the hypothesis that a reduced frequency of physical activity precedes the onset of complica-
tions because microalbuminuria alone can’t be a limitation to exercise [51]. 

4. Conclusion 
Exercise together with insulin therapy and diet, is generally recognized as one of the most important tools in the 
clinical management of youth with diabetes. However, the studies performed reached controversy results. Our 
review of the literature suggests that longitudinal studies are needed in order to verify the hypothetical positive 
effect of exercise on glucidic metabolism and on prevention and progression of complications in diabetic pa-
tients. On the other hand, practical guidelines are necessary to limit the risks of exercise-related hypoglycemia 
or hyperglycemia. Furthermore, each patient should know their individual glycemic response to exercise in or-
der to correctly modify insulin dosage and diet. However, aerobic and moderate intensity physical activity in 
children and adolescents with T1DM should be encouraged for its beneficial psychological effects.  
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