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Diabetes mellitus (DM) is a metabolic disease characterized by chronic hyperglycemia associated with impaired

carbohydrate, lipid, and protein metabolism, with concomitant absence of insulin secretion or reduced sensitivity to its

metabolic effects. Physical activity (PA) is normally suggested in the management of type 1 (T1DM) and type 2 (T2DM)

diabetes mellitus and can improve glucose uptake by increasing insulin sensitivity, glucose transportation into the cells,

and lowering body adiposity.
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1. Introduction

Physical activity (PA) is normally suggested in the management of type 1 (T1DM) and type 2 (T2DM) diabetes mellitus

and can improve glucose uptake by increasing insulin sensitivity, glucose transportation into the cells, and lowering body

adiposity. In T2DM, the practice of PA, both alone and when combined with diet and drug therapy (e.g., oral hypoglycemic

agents), can result in improved glycemic control . In addition, PA can also help to prevent the onset of T2DM and has an

important role in reducing the significant worldwide problem of this pathology. Different studies have enhanced the

understanding of the acute and long-term physiological benefits of PA, although the precise duration, intensity, and type

have yet to be fully elucidated . In T1DM, however, the expected improvements in glycemic control with PA have not

been clearly established. Instead, significant physical and psychological benefits of physical exercise can be achieved

while careful education, screening, and planning allow the metabolic, microvascular, and macrovascular risks to be

predicted and diminished .

The probable hypoglycemic advantage associated with PA was initially observed by Aristotle and later promoted by Allen

and Joslin in 1920 . Even though PA is considered one of the main solutions for diabetes management, indications

about the exercise protocols for diabetes are scarce. Notwithstanding, different results have highlighted that many

characteristics of the pathology can be improved and probably avoided following regular PA .

It has been estimated that more than 600 million individuals will suffer from T2DM by 2035 . Increasing attention has

been paid to people at increased risk of developing T2DM, such as those living with impaired fasting glucose (i.e.,

prediabetes) . PA is beneficial for preventing the progression of impaired fasting glucose to diabetes , but people at

high risk of developing diabetes often fail to meet the PA guidelines of 150 min of moderate-to-vigorous aerobic exercise

per week . Innovative trials, such as the Diabetes Prevention Program (DPP), have demonstrated that a lifestyle

intervention that comprises 150 min of moderate-intensity PA per week can reduce the progression of impaired fasting

glucose by up to 58% compared to a non-exercise group and is almost twice as effective as the leading pharmaceutical

intervention . This represents a valid procedure designed to assess the potency of lifestyle modification for the

prevention of T2DM . Nowadays, even though the benefits of PA as a therapeutic measure for diabetic patients are well

known and accepted, it is difficult to put exercise recommendations into action for several reasons. Insufficient knowledge

among diabetologists and exercise professionals and a lack of dedicated facilities are indicated as important limitations .

Moreover, to provide effective PA support to people with diabetes, research is required to develop clinically effective, cost-

effective, scalable interventions that bridge the gap between supervised PA advice. Print-based materials  and

technology-based support, such as websites , smartphone apps , and telephone helplines , have also

been shown to be effective in supporting people with diabetes to increase their level of PA. However, such interventions

would have better efficacy if grounded in health behavior change theory . For this reason, wearable technologies,

offering biometric data to patients and healthcare professionals, bridging the gap between supervised PA advice, and

enabling patients to engage in regular, long-term, physically active lifestyles , seem to be very helpful in diabetes

prevention and management. It has been shown that professional exergames, as well as mobile app-based programs ,

have the potential to be effective treatment options, especially because they seem to at least partly solve the adherence

problem . Prescribing physical exercise is not generally undertaken, either by the general practitioner or by the
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diabetologist. This may be because there is insufficient awareness of the benefits of physical exercise or because there is

a lack of specific knowledge regarding current recommendations. Thus, prescriptions, when suggested, are generic and

more oriented towards ‘physical activity’ rather than ‘exercise therapy’, without appropriate indication about type, intensity,

frequency, timing, progression, and precautions . Furthermore, barriers to, and discriminations in, PA and exercise

adoption and maintenance must be addressed to maximize participation .

2. Acute Effect of Exercise on Sugar Metabolism

PA allows for improving the glucose-tolerance curve by ameliorating insulin sensitivity in any subject, either with T2DM or

T1DM . Traditionally, physical exercise is promoted in T2DM, where insulin action is scarce in the context of insulin

resistance and/or inappropriate insulin secretion. Nevertheless, even in the dysregulation of immune system function

found in T1DM, the β-cell toxicity is facilitated by a complex interaction between oxidative stress and inflammation, for

which the chronic exercise effect could be protective. During physical exercise, large changes in energy utilization require

fine adjustments of glucose and fatty acid concentrations present in the blood. During the first 5–10 min of moderate-

intensity exercise, a mixture of fatty acid and glucose provides the major fuel source for skeletal muscle. As exercise

duration is prolonged and maintained at a moderate intensity, the contribution of fatty acid becomes more significant,

thanks to hormonal responses, such as increased levels of norepinephrine and glucagon that promote the release of fatty

acids from adipose tissue (fat stores) into the bloodstream (lipolysis) . The liberated fatty acids circulate in the blood

and are available for uptake by muscle cells. There is also an upregulation of fatty acid transporters in muscle cells. This

increased expression of transport proteins facilitates the uptake of fatty acids from the bloodstream into the muscle fibers,

making them available for energy production. The oxidation of fatty acids produces a larger amount of ATP compared to

glucose metabolism. By relying more on fatty acids for energy, the body can conserve its limited glycogen stores .

Preserving glycogen is crucial for sustaining exercise performance, especially during endurance activities or when

exercise intensity increases. Glycogen is the primary fuel source for high-intensity exercise, and by sparing its usage, it

helps delay the onset of fatigue. There is a direct relationship between exercise intensity and glucose utilization: when the

exercise intensity increases, an augmented glucose utilization via the glycogen deposit from muscles and liver was

observed . A complex hormonal and autonomic response allows an intensification in hepatic glucose production and

tissue uptake by the mobilization of non-esterified fatty acid from adipose tissue deposits . This is produced both by a

fall in circulating insulin concentrations and a wide variety of counterregulatory hormones (glucagon, adrenaline, cortisol,

and growth hormone) that counteract the hypoglycemic action of insulin . Elevations in the blood concentrations of

these hormones promote both increased glucose production and mobilization of non-esterified fatty acids from adipose

storage sites. In addition, the production of new glucose in the liver (gluconeogenesis) from substrates such as lactate is

enhanced . Direct sympathetic stimulation of the pancreas and liver after muscle contraction may also bypass initial

hormonal control and additional fuel supplies are provided by ketone formation and mobilization of lactate from inactive

muscle glycogen. Glucose transport into muscle is again provided by the transporter protein GLUT4, which is recruited to

the membrane surface in large quantities in contracting muscle, independently of insulin. Altogether, these changes

maintain the increased fuel supply for exercising muscles and prevent hypoglycemia from excessive utilization .

Higher-intensity exercise or shorter-duration activities primarily rely on glycogen as the predominant fuel source, while

lower-intensity or longer-duration exercise shifts towards a greater reliance on fatty acids for energy . When exercise is

ended, the body goes into a fasted state in which glycogen stores in muscle and liver are low and hepatic glucose

production is enhanced. The level of the counter-regulatory hormones could remain higher for a long time with an

associated hyperglycemic and hyperinsulinaemic response . Improved GLUT4 transport and insulin sensitivity produce

augmented glycogen resynthesis at the muscle level. Thereafter, when glycogen, glucose, and hormone levels return to

normal levels, and homoeostasis is reached, insulin can produce supplementary glucose uptake and glycogen

resynthesis in muscle and liver. When insulin is scarce, or the body is in a resistant state, glucose storage could be

reduced within muscle as a consequence of the inadequate transport with an associated decrement in glycogen synthase

activity .

3. Exercise Benefits for People with Diabetes

PA, sports, and exercise should be encouraged in people with T1DM for the same reasons as it should be promoted in

people with T2DM or in the general population. The prescription of physical exercise for diabetic control should be

considered for a variety of associated and independent health benefits. The full scope of these benefits can be seen in a

number of reviews and include weight loss, weight loss maintenance, lipid profiles, reduction in blood pressure, good

psychological profile, and the regulation of symptoms implicated in the metabolic syndrome . It would appear that the
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combined effect of PA and diet provides the first and possibly most effective intervention in improving cardiovascular risk

.

It has become evident that the most important effect of physical exercise is the improvement of blood sugar control,

weight loss, and weight loss maintenance. PA helps in lowering blood sugar levels by increasing the uptake of glucose

into muscles, even without the need for insulin. It enhances insulin sensitivity, making the body more efficient at using

insulin to regulate blood sugar. Regular exercise can contribute to better long-term glycemic control. Moreover, physical

exercise plays a crucial role in weight management, which is particularly important for individuals with T2DM. Regular PA

reduces body fat, increases muscle mass, and improves overall body composition. Maintaining a healthy weight can

enhance insulin sensitivity, allowing for more efficient glucose utilization. This can lead to decreased insulin resistance,

which is a key factor in T2DM. By improving insulin sensitivity, physical exercise can reduce the reliance on medication or

insulin therapy in managing diabetes .

PA can also improve cardiovascular health by strengthening the heart, reducing blood pressure, lowering LDL cholesterol

levels, increasing HDL cholesterol levels, and improving blood circulation, significantly reducing the risk of heart disease

and stroke. Cardiovascular complications are also worsened by stress, and PA is an excellent stress reliever .

Managing stress is important for individuals with diabetes because stress hormones can raise blood sugar levels. Physical

exercise reduces stress levels, improves mood, and promotes overall mental well-being. By improving blood sugar

control, weight management, cardiovascular health, and overall well-being, regular exercise can lower the risk of

diabetes-related complications such as heart disease, stroke, nerve damage, kidney disease, and eye problems 

.

4. Exercise and Diabetes: General Recommendations

All levels of PA, including leisure activities, recreational sports, and competitive professional performance, can be

performed by people with DM who do not have complications and are in good blood glucose control. A recent systematic

review and meta-analysis of eight randomized controlled trials (5190 participants) reported that effective exercise

interventions have the potential to reduce the personal and economic costs associated with diabetes . They

questioned the efficacy and cost-effectiveness of exercise referral schemes, increasing the exercise level and

recommending further trials, especially those that are theory-driven . It should be noted that many of the referral

schemes used leisure centers for group-based programs, which did not provide expert supervision. James et al. 

demonstrated a significant increase in PA among insufficiently active primary care patients who were provided a referral to

receive five sessions from an exercise specialist. It has been suggested that those who potentially have the most to gain

from exercise are often the ones who find it most difficult to engage in healthy behavior . The effectiveness of PA as

a therapeutic intervention is also seriously hampered by uncertainty concerning how clinical care teams should support

people with diabetes to meet and maintain exercise guidelines .

It has been largely confirmed that daily PA has different implications in improving people's lifestyles by improving insulin

sensitivity, reducing exogenous insulin injection, managing body weight and lipid profiles, boosting self-confidence,

improving psychological problems associated with the pathology, reducing systemic inflammation, and most importantly,

enhancing long-term protection against cardiovascular disease. Chronic hyperglycemia is supposed to be the mechanism

by which coronary artery disease, stroke, nephropathy, retinopathy, and neuropathy occur over decades after disease

onset. Moreover, hyperglycemia is related to increased inflammation, as reflected by activation of immune cells and

increased systemic concentrations of proinflammatory cytokines/chemokines . This inflammatory status persists for

several hours or days after hyperglycemia has been resolved . Preventing hyperglycemia is the main aim of DM

treatment and may eliminate the excess inflammation caused by physical exercise. When this occurs, the subject can (i)

postpone or cancel the planned exercise activity until the pro-inflammatory effects are reduced, (ii) perform physical

exercise in a pro-inflammatory status, or (iii) reduce physical exercise-associated inflammation via medical treatment.

Given that prior hyperglycemia alone (without ketosis) is not currently included in the contraindications to physical

exercise, the second option is good . General guidelines that may prove helpful in regulating the glycemic response to

PA are presented below .

5. Metabolic Control before Exercise

Avoid physical exercise if the fasting glucose level is >250 mg/dL and ketosis is present, and take care if the glucose

level is >300 mg/dL and no ketosis is present.

Ingest additional carbohydrates if glucose levels are <100 mg/dL.
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Blood glucose monitoring before, during, and after physical exercise

Identify when changes in medication (insulin/hypoglycemic agent) or food intake are necessary.

Learn the glycemic response to different PA conditions.

5.1. Food Intake the Physical Exercise Day

Consume additional carbohydrates as required to avoid hypoglycemia.

Carbohydrate-based foods should be readily available during and after PA.

5.2. Food Intake the Rest Day

Reduce carbohydrate intake (<50 g/day).

A low carbohydrate diet has been shown to be effective for weight loss due to its effect on decreasing appetite and

calorie intake.

Lowering dietary carbohydrate intake has demonstrated benefits for insulin resistance, the underlying cause of T2DM,

by independently promoting both weight loss and a reduction in insulin levels.

6. Exercise in Managing T1DM

The ability to adjust the therapeutic regimen (insulin administration and timing, type and quantity of food ingestion before

and after physical exercise) that allows safe participation and high performance has recently been recognized as an

important management strategy in individuals with T1DM. In particular, the important role played by the patient in

collecting self-monitored blood glucose data related to physical exercise responses to improve performance and enhance

safety is now fully accepted .

When amateurs exercise at 50–60% of VO , which is below their anaerobic threshold, glucose levels rise following the

increased uptake of skeletal muscle. The level of glycemia is generally reduced 30/45 min after PA, and it is preserved

within the physiological range by two processes: a rapid increase in endogenous glucose production and a reduction in

systemic insulin levels . Patients should reduce or stop insulin infusion before exercise. This is to avoid the

hypoglycemic effect due to the increase in glucose uptake at the skeletal muscle and to suppress endogenous glucose

production.

Different is the situation in which the subject is involved in physical exercise above the anaerobic threshold and close to

the VO . In this condition, the body produces a higher adrenergic activation that facilitates, beyond cardiovascular

response, an endogenous increase in glucose level, exceeding the metabolic need at the peripheral level. This creates a

state of moderate, transient hyperglycemia that does not exceed 140 mg/dL in healthy people. In T1DM, given that insulin

cannot be secreted in response to this hyperglycemic response, the hyperglycemia value often continues to increase after

exercise, sometimes becoming dangerous (>400 mg/dL) .

Hypoglycemia, which can occur during, immediately after, or many hours after PA, can be avoided. Indeed, during

physical exercise, the body requires approximately 30–50% less insulin than in resting conditions to transport glucose

across the cell membrane of myocytes. This is due to a considerable fraction of exercise-stimulated transmembrane

glucose transport that occurs via noninsulin-dependent mechanisms . In this case, it is important that the patient has

both an adequate knowledge of the metabolic and hormonal responses to PA and well-tuned self-management skills. The

increasing use of intensive insulin therapy has provided patients with the flexibility to make appropriate insulin dose

adjustments for various activities. Moreover, in T1DM, after 2–4 years of disease onset, the ability to increase glucagon

secretion (the main counterregulatory hormone) in response to hypoglycemia is permanently and completely abolished.

However, in T1DM, hypoglycemia is caused by excessive exogenous insulin injection, involving low glycemia and high

insulinemia that blocks glucagon release .

Aerobic performance is reduced in T1DM because of cardiovascular, muscular, and metabolic impairments. When

compared to their nondiabetic counterparts, young patients with T1DM showed a reduction in VO  despite insulin

therapy , a difference exacerbated in adults with neuropathic complications or sedentary lifestyles . Different is the

situation in which athletes with T1DM are compared to their nondiabetic counterparts, where VO  was found to be

similar . Moreover, in T1DM, various cardiovascular parameters, such as end-diastolic volume and left ventricular
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ejection fraction, do not show a normal increment due to exercise, meaning that exercise can lead to normal aerobic and

cardiovascular parameters .

The general recommendations for PA in adults with T1DM, free of complications, are the same for children, considering

that kids are more subjected to a greater variability in glycemic level. For this reason, attention should be focused on

glycemic fluctuation during exercise so that parents, teachers, and athletic coaches are properly trained. When dealing

with adolescents, hormonal variations can increase the difficulty in managing glycemic levels. Notwithstanding these

additional difficulties, it is out of the question that following the useful recommendations to avoid hypoglycemia, PA is a

safe and satisfying practice for most children and adolescents with T1DM .

7. Exercise in Managing T2DM

A standard recommendation for people with and without diabetes is to start PA with a warm-up and end with a cool-down

phase. The warm-up involves 5–10 min of aerobic exercises (walking, cycling, etc.) at low intensity. The aim is to prepare

the skeletal muscles, heart, and lungs for a progressive increase in exercise intensity. Then, muscles can be gradually

stretched for an additional 5–10 min to maintain a good range of motion in the joints . After the main training session, a

5–10 min cool-down should be organized similarly to the warm-up. The aim of the cool-down is to gradually bring the

heart rate back to its pre-exercise value. There are some recommendations that are particularly important and specific for

people with T2DM. Moderate weight training exercises with light weights and high repetitions can be suggested for

maintaining or enhancing upper body strength in people with diabetes. Different long-term studies have established long-

lasting beneficial effects of regular PA on carbohydrate metabolism and insulin sensitivity, which can be maintained for at

least 5 years. They suggested PA programs with an intensity in the range of 50–80% of VO , three to four times a

week, for 30–60 min a session. Aerobic exercise should be suggested, considering safety measures for PA involving the

feet, which are essential for many patients with diabetes . High-resistance exercise using weights may be

acceptable for young individuals with diabetes but not for older individuals with long-standing diabetes.

Good hydration is also crucial, as dehydration can adversely affect glycemic levels and heart function. Through PA, fluid

should be frequently consumed to compensate for losses in sweat reflected in body weight loss or the maximal amount of

fluid tolerated (e.g., 0.5 L of fluid consumed 2 h before PA) . Precautions should be taken when exercising in extremely

hot or cold environments.

It has been shown that improvements in glycated hemoglobin (HbA1c) are generally 10–20% of the baseline and are most

marked in patients with mild T2DM and in those who are likely to show insulin resistance . It remains true,

unfortunately, that most of these studies suffer from inadequate randomization and controls and are confounded by

associated lifestyle changes. The general agreement is that regular exercise should not be expected to dramatically affect

HbA1c values; other variables, such as increased food intake or reduced insulin dosages, compensate for any increases

in glucose disposal. Nonetheless, epidemiological evidence confirmed that being physically active, rather than sedentary,

can lower mortality and morbidity for any given level of HbA1c .

It seems that long-lasting programs of PA are good enough and demonstrate a higher rate of adherence in patients with

prediabetes or uncomplicated T2DM. In this kind of study, researchers started their training programs with initial

supervision, followed by home-training programs with follow-up to assess the level of adherence . A lot of them have

shown good results in the maximum oxygen consumption with few complications for patients .

8. Psychological Profile, Muscular, and Cardiovascular Evaluations

Other important aspects to consider when prescribing an exercise program are the evaluation of motor responses and the

consideration of the psychological profile. Evaluations represent a fundamental moment for understanding the real

capabilities of an individual, setting up protocols and assessing results over time. People with diabetes show both

impaired exercise tolerance and an excessive risk of developing heart failure, which are not entirely explained by known

cardiovascular risk factors or coronary artery disease . The risk for cardiovascular disease and other diabetes-related

complications, including neuropathy, retinopathy, and nephropathy in persons with long-standing disease, is high, and

care should be taken to properly screen individuals before recommending a new exercise program. Caution is warranted

for those with advanced disease complications and medical screening; before initiating any new vigorous exercise

program, a graded exercise stress test with ECG and blood pressure monitoring should be performed. The main

assessments that should be made before carrying out any type of physical exercise are, in order: (i) the Health

Assessment Questionnaire; (ii) assessment of balance level and risk of falls; (iii) cardiopulmonary exercise testing; (iv) the

assessment of muscle strength.
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Health assessment questionnaires . While several tools are available to measure health-related quality of life (HRQoL)

for patients with diabetes, the design and, therefore, duration of these measurements may limit their feasibility in the daily

routine of a sports facility. Furthermore, these measures do not distinguish items for diabetes-specific quality of life. Thus,

a specific questionnaire on the diabetics’ quality of life (DMQoL) was developed with only 10 questions, sensitive to the

change related to the progression of diabetes compared to the initial stages (e.g., glycemic changes). The combination of

the DMQoL and the WHOQOL-BREF (the shortened version of the quality of life questionnaire designed by WHO)

provides a comprehensive picture of overall health-related quality of life in patients with diabetes and improves the ability

to detect changes clinically significant to the pathology.

Tests that determine the level of balance and the risk of falls. Patients with T2DM, particularly those ≥65 years old, exhibit

an increased rate of falls. It is, therefore, important to assess the risk of falling before the prescription of an exercise

intervention. The most used tests are the Timed Up and Go Test (TUG), the Functional Reach Test, (FRT), the Berg

Balance Scale (BBS), and the Dynamic Gait Index (DGI). Among those tests, the TUG showed the greatest sensitivity

(90%) and specificity (88%) to the phenomenon . In this assessment, the patient gets up from a chair, walks 3 m, turns

around, returns to the chair, and sits down again. This task must be completed within 10.6 s. Times between 11 and 20 s

are within the normal range for frail elderly and disabled patients; times ≥20 s indicate that the person needs external

assistance. A score ≥30 s predicts a higher risk of falling.

Cardiopulmonary exercise testing (CPET). Measurements of ventilation, gas exchange, and electrocardiography during

an incremental exercise test are noninvasive protocols that provide an assessment of pulmonary, cardiovascular, and

muscle function during exercise (see Table 1). The addition of echocardiographic monitoring (“imaging-CPET”), mainly

used in patients with heart failure, may provide further insight into different aspects of cardiac function during exercise and

their impact on exercise intolerance . Even though guidelines recommend the application of objective exercise

prescriptions using CPET data , it is common to find programs without CPET information or with limited resources to

establish exercise intensity on the basis of resting heart rate (e.g., exercising heart rate threshold set 20 or 30 beats/min

above the resting heart rate). This simple method has been criticized and demonstrated to be inadequate by several

researchers. Moreover, it should be noted that performing this test routinely and its cost mean that specific criteria must

be defined regarding patients for whom it would be imperative to perform the test.

Table 1. Physiological variables measured during CPET.

Physiological Mechanism Direct Measurement Indirect Measurement

General VO ; peak power VO %

Cardiovascular system HR; BP VO /HR

Cardiac electrical system ECG Chronotropic insufficiency; change in heart rate of recovery

Ventilation Ventilation; Tidal volume VE/VO ; VE/VCO

Gases exchange SpO ; PETO ; PETCO Anaerobic threshold

Skeletal muscles Scala di Borg Δ(a − v)O ; Anaerobic threshold

Metabolism RER Anaerobic threshold

Systolic function LVEF; TAPSE Systolic reserve

Diastolic function E/A; DT Systolic reserve

Legend: VO %, percentage of peak oxygen uptake; HR, heart rate; BP, blood pressure; ECG, electrocardiography;

VE/VO ; VE/VCO , ventilator equivalents of oxygen and carbon dioxide; SpO , arterial oxygen saturation; PETO  and

PETCO , end-expiratory pressure of oxygen and carbon dioxide; Δ(a − v)O , arteriovenous difference in oxygen; RER,

respiratory exchange ratio; LVEF, left ventricular ejection fraction; TAPSE, tricuspid annular plane systolic excursion; E/A,

transmittal flow velocity; DT, deceleration time.

Assessment of muscle strength. A significant percentage of T2DM patients (prevalence 16%, mean age 58 years old) are

sarcopenic compared to age-matched healthy individuals . Considering that 80% of insulin-mediated glucose uptake

occurs in skeletal muscle (lean mass) , the importance of increasing lean mass for improving glycemic control in these

individuals should be considered . Furthermore, muscle strength is reduced by 30% to 50% in T2DM patients

compared to their healthy counterparts. Dynamometry is considered the gold standard for examining muscle strength.

However, considering the cost of this device and the technical skills required, this test is not feasible for those working in
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private and home care settings. There are different types of tests, such as handgrip strength and sit-to-stand tests.

Handgrip strength shows moderate to high correlations with extremity muscle strength. The patient sits in a chair with their

elbow flexed to 90 degrees and a force device in one hand. Subsequently, the patient grips the device as tightly as

possible for 3 s. This test is performed three times, alternating hands. Another strength test that could be considered to

assess muscle strecngth in T2DM patients is the sit-to-stand test, although the validity of this test is currently under

intense debate. Briefly, in this test, the person, without the help of the hands and arms, but with only the work of the legs,

must perform, in 1 min, as many reps as possible and sit with legs bent at 90 degrees. Another version foresees a 30 s

duration (30s-STS) , and another comprises five reps executed as quickly as possible (FTSST) .
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