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1. Why Physical Activity in Persons With Diabetes?

Physical activity is one of the cornerstones for the prevention and treatment of many
noncommunicable diseases (NCDs), according to the World Health Organization [1]. Diabetes
is one the main NCDs, besides official Organizations and Scientific Associations states the
importance of physical activity for all the groups of people with diabetes [2-4].

Diabetes mellitus (DM) is a very prevalent disease, numbering 463 million people in
worldwide in 2019 and projected increase to 700 million in 2045, according to the International
Diabetes Federation [5]. DM is classified in different groups, specially according to the
etiology. Type 2 diabetes (T2D) is the most prevalent, reporting about 90% of the diabetes.
T2D affects about 9.3% of the world’s population and its prevalence is increasing worldwide.
It is considered a multisystemic disease characterized by a relative insulin deficiency caused
by pancreatic B-cell dysfunction and insulin resistance (IR) in target organs such as the liver,
adipose tissue, muscle and, the brain [6]. Over time, inadequate production of insulin can
develop as aresult of pancreatic B-cells failure to keep up with demand [5]. This type of diabetes
is more frequently found in older adults, but is mainly associated with being overweight or
obese, sedentary lifestyle, poor quality of diet, and also with a family history of diabetes [7, 8].

Type 1 diabetes (T1D) is the second most frequent, accounting for approximately 5 to
10% of diabetes diagnosis [7, 9]. T1D results from progressive cellular-mediated autoimmune
destruction of the pancreatic B-cell that leads to complete insulin deficiency. Patients with



Novials A

Sports Medicine

T1D require exogenous insulin to survive. Frequently, these patients have the diagnosis when
they are young, and it is not associated with weight, unhealthy diet or sedentarily lifestyle; the
patients are usually normal weight and have physical activity habits, perform some of exercise

or even a competitive modality.

Another prevalent type of diabetes is gestational diabetes mellitus (GDM), which usually
exists as a transient disorder during pregnancy and resolves once the pregnancy ends [5]. For
many years, GDM was defined as any degree of glucose intolerance that was first recognized
during pregnancy. However, according to the American Diabetes Association (ADA), this
definition has limitations since several times cases of GDM represent preexisting hyperglycemia
that is detected by routine screening in pregnancy. This fact gains more importance with the
evidence of the increasing rates of obesity, prediabetes or undiagnosed T2D in recent decades
[7]. As in T2D, GDM is associated to obesity, previous GDM and with age [5]. There are some
other causes of diabetes representing a small percentage of the total and are related to different
conditions, such as monogenic diseases, diseases of exocrine pancreas, chemicals or drug-
induced diabetes.

People living with diabetes have a higher risk of morbidity and mortality than general
population. Long-term uncontrolled diabetes can cause several complications mainly related
with macrovascular complications as premature atherosclerotic cardiovascular disease,
cerebrovascular diseases, and microvascular complications manifested as retinopathy with
potential loss of vision, nephropathy leading to renal failure, peripheral neuropathy with a
high risk of foot ulcers and amputations [5]. Before insulin was discovered in 1921, exercise
was considered a dangerous activity, usually discouraged because of the high risk of metabolic
disorder that could be precipitated. Currently, exercise is not only considered safe, but is
prescribed as a basic treatment of the disease, essential for a healthy lifestyle and recommended
for all patients with diabetes. The beneficial effects of regular physical exercise associated
with diabetes are numerous, offering the population an improvement in physical capacity, a
decrease in cardiovascular risk and an increase in emotional and social well-being [10].

2. What are the Hormonal and Molecular Mechanisms Induced By Exercise?

The effect of exercise on blood glucose levels is determined by the interaction that takes
place between metabolic and hormonal effects, as well as changes produced in muscle glucose
uptake. The metabolic responses to different forms of exercise are distinct. However, in almost
all forms of exercise, regardless of the intensity or duration, blood glucose concentrations are
normally held within a tight range (4—6 mmol/L or 70-110 mg/dL). During aerobic exercise,
insulin secretion decreases, and glucagon secretion increases in the portal vein to facilitate
release of glucose from the liver to match the rate of glucose uptake into the working muscles

[11].
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2.1. Energy substrates during rest and exercise

Fat deposits of adipose tissue are the major source of energy in the human body, with
a reserve of between 60,000 and 150,000 kcal. This content 1s much greater than the energy
that carbohydrates can provide, approximately 2,000 kcal. Most of these, about 1,500 kcal, are
stored as glycogen in the muscles, and the rest comes from glycogen deposits accumulated in
the liver and from glucose found in the blood and extracellular fluids. During the early stages of
exercise, muscle glycogen is the main source of energy for muscle contraction. Subsequently
to the depletion of muscle glycogen deposits, lipolysis of fatty acids stored in adipose tissue
is activated. Thus, the increase of free fatty acids and glycerol in plasma constitutes an
additional source of energy for muscle contraction [12,13]. Glucose will then be provided
by hepatic glycogenolysis followed by hepatic gluconeogenesis. The substrates used by the
liver to synthesize new glucose are lactate, pyruvate and certain amino acids, mainly alanine,
together with the glycerol derived from the metabolism of triglycerides. The contribution of
different substrates depends on the intensity, duration and kind of exercise performed. The
relative proportion of each pursues to maintain three fundamental physiological aspects: 1) to
preserve blood glucose, 2) to maintain the efficient metabolism and storage of glucose, and
3) to preserve and maintain deposits of muscle glycogen to avoid and/or delay the onset of
muscular fatigue.

2.2. Endocrine and metabolic response to exercise

Metabolic adjustments to exercise are possible thanks to a highly efficient system that
integrates nerve impulses and hormonal response. During rest, individuals without diabetes
unveil a basal insulin secretion, which increases in response to the rise in blood glucose that
occurs after ingesting of food. It is well known that insulin stimulates glucose uptake by skeletal
muscle and by the liver, to later facilitate its storage in the form of glycogen. Exercise causes
nerve stimulation, acting on pancreatic B-cells and leading to inhibition of insulin secretion
[14, 15]. This decrease in insulin levels does not affect muscle glucose uptake, as exercise
triggers other mechanisms that can improve muscle glucose uptake. Stimulation of another
pancreatic hormone, glucagon, and, in particular, its close and proper interaction with insulin,
are phenomena taking place during the exercise that are essential to maintaining and regulating
glucose production. Decreased insulin levels at baseline exercise promote increased glucagon
secretion by alpha cells in pancreatic islets. This increase is critical and acts directly on the
metabolic pathways of hepatic glucose production (glycogenolysis and gluconeogenesis).
Also, during exercise, counter-regulatory hormones increase, such as catecholamines, cortisol
and growth hormone, promoting the balance of the aforementioned metabolic pathways and
increasing lipolysis in fat cells. High-intensity exercise can activate these counter regulatory
hormones in an exaggerated way, resulting in a noticeable increase in hepatic glucose production
and a moderate degree of hyperglycemia when exercise is over.
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2.3. Effects of insulin and exercise on muscle glucose uptake

Both insulin and muscle contraction help glucose enter the muscles, where it is oxidized
and subsequently turned into energy for muscle contraction. However, the mechanisms by
which these two stimuli facilitate glucose transport are not entirely understood. There is
evidence suggesting that they do not act in a similar manner. For example, exercise, unlike
insulin, induces an increase in muscle blood flow and glucose transport, which persists for
hours after exercise has ended. Experiments with laboratory animals have demonstrated that
the induction of glucose transport produced by exercise is independent of insulin, as tyrosine
kinase activity of the insulin receptor is not stimulated. Instead, it appears to act through other
pathways, in particular, those involving the AMP kinase (AMPK). Molecular characterization
of glucose transporter GLUT 4, which is specifically expressed in muscle and fat cells, has shed
new light on elucidating the mechanisms mentioned above. It appears that the translocation
of GLUT 4 from the cytosol to the cell membrane is one of the main mechanisms of glucose
transport in muscles and can be stimulated both by insulin and by exercise [16].

The existence of another type of transporter in muscle, GLUT 1, has also been
demonstrated, although its function is not entirely known. The important role of certain
enzymes such as hexokinase and glycogen synthase also highlight the complex system of
glucose transport into muscles. AMPK [7] emerges as an important molecule regulating
multiple metabolic processes that occur in skeletal muscle, in response to exercise. It appears
that muscle contractions induced by exercise increase the activity of the enzyme, which, in
turn, stimulates glucose transport [18, 19].

2.4. Skeletal muscle as an endocrine organ

The hypothesis of muscle having an endocrine-like effect on distant tissues was first
proposed by Pedersen and colleagues [20, 21]. Skeletal muscle has been identified as an
endocrine organ, which has the capacity to produce and secrete myokines, substances derived
from skeletal. Myokines have been suggested to mediate anti-inflammatory and metabolic
effects [22]. Even it is postulated that myokines contribute to mediate the preventive effects of
exercise against chronic diseases, such as cardiovascular diseases, T2D, cancer, and dementia
[23, 24]. It is well known that myokines exert their effects on, cognition, lipids and glucose
metabolism, browning of white fat, bone formation, endothelial cell function, hypertrophy,
skin structure, and tumor growth. Then it is postulated that the identification of new myokines
and their specific roles may lead to novel therapeutic targets for several diseases [25].

IL-6 was the first well documented myokine that is produced and released from muscle
cells during exercise. IL-6 exerts direct metabolic effects on pancreas as it stimulates -cell
proliferation, prevents apoptosis caused by metabolic stress, and regulates -cell mass in vivo

[26,27]. Irisin was later identified [28] as a novel contraction-induced myokine by which
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exercise could increase basal energy expenditure and result in weight loss and improved
glucose metabolism. However, the study was criticized by various groups, that have not been
able to find irisin in human circulation [29]. Nonetheless, a new published study using mass
spectrometry strongly supports the existence of circulating irisin in humans [30]. IL-15 has
pleiotropic effects in the immune system, in skeletal muscle, and in regulating lipid and glucose
metabolism [25]. In addition, it has been reported that exercise-induced IL-15 has a role in
reducing skin aging [26].

2.5. Exosomes as vehicles of interorgan crosstalk

Accumulated evidence suggests that muscle and other tissues have an endocrine
function and release peptides, metabolites and nucleic acids into the circulation in response to
exercise to mediate the multisystemic adaptations. In addition to the concept of myokines a
new emerging proposal termed exerkines appears including all factors released in response to
exercise (peptides, metabolites and RNA mainly miRNAs). Several authors propose [27] that
many of the exerkines are released within extracellular vesicles (EVs) [28] and in particular
exosomes that are important mediators of the intercellular communication process occurring in
response to exercise in humans. In addition, it is proposed that exosomes isolated from athletes
following exercise or exosomes bioengineered to incorporate one or many of known exerkines
will be therapeutically useful in the treatment of obesity, T2D, and other aging associated
metabolic disorders [29] (Figure 1).
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Figure 1: Skeletal muscle as an endocrine regulator of metabolism.

Skeletal muscle is an endocrine organ that, due to the release of myokines, metabolites
or exosomal miRNAs, may influence metabolism in different organs by establishing cross-talk
between tissues and having effects on several biological functions. (Illustrated by author C.

Castafo)

It is well thought that the beneficial metabolic effects of exercise are mediated at least in
part by the release of soluble factors by the muscles. Exosomes, small vesicles that facilitate
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the exchange of biological components among cells and tissues, may constitute one of these
factors. A recent finding [30] demonstrate that exercise triggers the release of exosomes by
the trained muscle in mice, carrying a specific miRNA signature that induces gene expression
changes in the liver through downregulation of hepatic FoxO1, and contributing to increased
insulin sensitivity. Importantly, treatment of sedentary mice with exosomes isolated from the
plasma of trained mice improved glucose tolerance, insulin sensitivity and decreased plasma
levels of triglycerides [30]. As a consequence, molecular characterization of exercise-induced
exosomal miRNAs and their effects may drive the design of novel therapeutic strategies to
alleviate insulin resistance and other aging-related conditions in an increasingly older society.

3. How is the Metabolic Response to Exercise in Patients With Diabetes?

Physical activity is essential for all people with diabetes, but different aspects should
be considered for the benefits, as well as particularities in prescription. People with T1D are
different from their non-diabetic counterparts, as they have an insulin secretion deficiency
and, consequently, their counter regulatory hormones respond differently. Patients with
diabetes treated with insulin should learn to mimic their own natural insulin secretory rhythm,
in response to physiological changes induced by exercise. Any patient with diabetes and,
especially, diabetic athletes should prevent problems arising from poor insulin dosage. If an
athlete with diabetes starts exercise with a significant insulin deficiency, his/her response to
exercise may trigger a hyperglycemic overcompensation, even ketosis, since a lack of insulin
induces: 1) increased hepatic glucose production; 2) decreased peripheral glucose utilization;
and 3) excessive lipolysis with an increase in free fatty acid production [2, 31].

In T2D the mechanisms or metabolic responses are different. In most cases of T2D, the
main alteration resides in the action of insulin on the tissues, defined as insulin resistance. This
alteration manifests itself through excess insulin production (hyperinsulinemia) and impaired
glucose tolerance. Exercise has shown its remarkable qualities in the prevention and treatment
of this defect. Thus its effects include the improvement of glucose transport into the cell (by
acting independently of insulin) and the increase in insulin sensitivity in the transport of muscle
glucose and in the production of glycogen from glucose. Physical training has been proposed
as an intervention factor for the prevention and treatment of T2D and glucose intolerance [32].

There is extensive bibliography that provides evidence showing that physical training
can generate weight loss in obese individuals, as well as improve the action of insulin in
peripheral tissues and the risk of the metabolic profile. It has been shown that through a physical
training program lipid oxidation and mobilization of muscle and liver glycogen stores are
increased, improving the action of insulin on tissues. On the other hand, moderate training has
been indicated as a therapeutic armament in T2D associated with insulin resistance, reducing
postprandial hyperglycemia and overall glycemic control [33, 34, 35].
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4. Benefits of Exercise for Diabetes
4.1. Prevention of diabetes

In the 2000s, several major clinical trials studied intervention with physical activity
and/or diet for the prevention of T2D. One of the best known studies is the DPP - Diabetes
Prevention Program, conducted with more than 3000 people with prediabetes [36]. For that
study, 3 groups were randomized: lifestyle intervention (diet and 150 min/week of physical
activity), metformin 850 mg twice daily, or placebo. After an average of 2.8 years of follow-
up, the lifestyle intervention group was able to reduce the incidence of T2D by 58% compared
to the placebo group. Another similar study, the DPS, achieved the same protection, reducing
the incidence of T2D also in 58% with lifestyle intervention [37]. Da Quin Study and others
also confirmed that physical activity is fundamental for prevention of T2D [4, 38, 39]. Despite
many other benefits, there is no evidence that T1D could be prevented with physical activity.

The prevention of DMG through physical activity is based on smaller studies. For that,
meta-analysis could demonstrate that physical exercise programs during pregnancy decreased
the risk of DMG, particularly when the exercise program was performed throughout pregnancy.

Furthermore, it was also observed decreases in maternal weight [40, 41].
4.2. Improvements in glycemic control

There are many studies and several meta-analysis demonstrating the importance of
physical activity in the glycemic control in T2D. The simple act of walking, evaluated in a
meta-analysis from 20 studies and 866 participants in structured programs, was able to reduce
by 0,5% the HbAlc. Walking also reduced body mass index (BMI) and lowered diastolic
blood pressure (DBP) [42].

Aerobic exercise alone or combined with resistance training improves glycemic control,
systolic blood pressure (SBP), triglycerides, and waist circumference in T2D [43]. Two different
meta-analysis demonstrated, in different modalities of aerobic exercise alone or combined with
resistance training, significantly reductions of 0.6% in HbAlc [43, 44]. Several features of
exercise can reduce HbAlc in T2D: the duration of exercise for more than 12 months (HbAlc
-0.8% vs. -0.4%, if less than 12 months of exercise) [34]; the structured exercise of more than
150 minutes per week (HbAlc -0.89% vs. -0.36%, if less than 150 min per week) [45]; and
also reduction of 0.22% in HbAlc in favor of high intense exercise compared to less intense
[46].

Improvements in glycemic control associated with exercise are not as evident in people
with T1D. Part of this challenge is due to the ongoing dynamic balance of the actions of

different exogenous insulins, carbohydrate intake choices, and exercise modalities and
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duration (Figure 2). However, an important population-based study showed that those who
engage in physical activity have better glycemic control (< HbAlc), need lesser insulin doses
in addition to having higher HDL cholesterol and lower triglyceride values; they also have
fewer severe diabetic events, such as hypoglycemic coma or ketoacidosis [47]. Furthermore,
a meta-analysis confirmed the effects of exercise in improving glycemic control (reduction of
0.45% in HbA1c) and reduction of daily insulin dose, total cholesterol and, in a subgroup of
studies with higher frequency (=3 times/week) and longer duration (>12 weeks) of activities,
also showed improved cardiorespiratory fitness (increases in VO max) [48].
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Figure 2: Factors involved in glycemic control during exercise in T1D.

4.3. Cardiovascular protection

Atherosclerotic cardiovascular disease (coronary heart disease, cerebrovascular disease,
or peripheral arterial disease) is the leading cause of morbidity and mortality for individuals
with diabetes, according to ADA [49]. For this, the care of the patients with diabetes must be
focused on the sense of atherosclerotic cardiovascular disease prevention and protection. It
was demonstrated that, even in patients with T1D in good glycemic control, CV mortality has
double the incidence than in a similar population without diabetes [50]. This fact indicates that
mere glycemic control is not enough for CV protection. In parallel, it was evident that mortality
and incidence of cardiovascular outcomes decreased substantially among persons with T1D
and T2D in the last years [51]. The study attributed these results to integrated care of patients
with chronic disease, improved patient education in disease management, and advances in
clinical decision support have likely reduced the rates of cardiovascular complications among
patients with diabetes. Knowledge of risk factors and protective factors for cardiovascular
disease is essential for cardiovascular protection in this population.

From the important lifestyle intervention studies, the Da Qing Diabetes Prevention
Outcome Study, which now has 30 years of follow-up, it was able to support that lifestyle
intervention (physical activity, diet, or both) can prevent or delay cardiovascular events and
all-cause mortality in people with prediabetes [53]. In diabetes, the complications that cause

most of the excess morbidity and mortality may occur mainly in subjects who have had long-
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standing diabetes, as long as 20-30 years. Therefore, long-term follow-up studies are needed
to evaluate beneficial interventions, such as lifestyle changes.

An important prospective analysis that included 11,527 participants with T2D showed
that a greater adherence to an overall healthy lifestyle (non-smoking, moderate to vigorous
physical activity [>150 min/week], high-quality diet, and moderate alcohol consumption) is
associated with a substantially lower risk of CVD incidence and CVD mortality [52].

Another major study, the Look AHEAD, search for benefits of lifestyle intervention in
established T2D [54]. Intensive lifestyle intervention focused on weight loss did not reduce
cardiovascular events in overweight or obese adults with type 2 diabetes. Still, there was
improvement in HbA1c and systolic blood pressure. However, a further analysis of the Look
AHEAD study suggests an association between the magnitude of intentional weight loss and
reduction in CVD incidence [55].

Observational studies of follow-up were able to demonstrate that exercise may reduce
the risk of CV events in T1D. One study indicated the importance of the frequency and the
intensity of exercise for the reduction of CV events [56], as well as other demonstrated a

uncertain association with all-cause mortality (both sexes) and incident CVD (women only)
[57].

4.4. Other diabetes complications protection

It has been postulated that physical activity has benefits also in preventing and delaying
the complications related to diabetes. In the above-mentioned Da Quin study, lifestyle
intervention in people with prediabetes delayed the onset of T2D and, in addition to the
reduction in cardiovascular events, also reduced the incidence of microvascular complications
and increased life expectancy [53].

Improvements on the endothelial function, insulin sensitivity and reduction of
inflammation could be the responsibles for the reduction of kidney disease progression [58].
In individuals with T1D at risk of diabetic kidney disease (DKD) or with established DKD,
regular moderate-to-vigorous physical activity was associated with reduced incidence and
progression of DKD, as well as reduced risk of cardiovascular events and mortality. Since
structured physical activity has great potential to enhance health and quality of life at all stages
of chronic DKD, exercise advice and physical activity assessment should become an integral

routine part of the patient-centered treatment strategy also in type 1 diabetes [58].

The results of a recent meta-analysis indicated that physical activity is associated with
improved renal function in patients with diabetic nephropathy by increasing the glomerular

filtration rate and decreasing the urine creatinine albumin rate. In addition, physical activity
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decreased the rate of microalbuminuria, the rate of diabetic nephropathy in patients with T1D,

the rate of acute kidney injury, and the rate of renal failure [59].

A prospective and observational study included 2,639 patients with T1D from the
ongoing nationwide multicenter Finnish Diabetic Nephropathy (FinnDiane) Study. Leisure-
time physical activity (LTPA) was assessed by using a validated self-report questionnaire. Three
hundred ten patients (11.7%) had chronic DKD defined as an estimated glomerular filtration
rate of <60 mL/min/1.73 m2. Higher LTPA was associated with a lower risk of premature all-
cause and cardiovascular mortality in patients with T1D. This study also demonstrated that
physical activity is associated with a lower risk of mortality in patients with T1D and DKD
[60]. The same group of researchers described also that frequent LTPA was associated with a

lower incidence of severe diabetic retinopathy during the follow-up [61].
5. Modalities of Exercise and Physical Activity
5.1. Types of exercise

Initially, as definitions, physical activity is any form of muscular activity; namely, it is any
movement a person executes. Exercise represents a subset of physical activity that is planned,
structured, repetitive and intentional with a goal of improving or maintain fitness [62]. Both
physical activity and exercise fulfill the objectives of benefits for diabetes. In the DPP Study,
although weight loss was the most important factor to reduce the risk of incident diabetes, it
was also found that achieving the target of at least 150 min of physical activity per week, even
without weight loss, the incidence of T2D was reduced by 44%. Brisk walking was one of
the modalities for that 150 min/week of moderate-intensity physical [63]. Moreover, simple
acts as breaking up prolonged sedentary time may also be encouraged, as it is associated with
moderately lower postprandial glucose levels [64].

Exercise, or physical activity, is generally classified as aerobic or anaerobic, depending on
the predominant energy systems used to support the activity, although most exercise activities
include a combination of energy systems. Aerobic exercise involves repeated and continuous
movement of large muscle groups. Activities such as walking, cycling, jogging, and swimming
rely primarily on aerobic energy-producing systems [2,31]. Anaerobic training, also called
resistance or strength, includes exercises with free weights, weight machines, body weight,
or elastic resistance bands for example. Resistance exercise can assist in minimizing risk of
exercise-induced hypoglycemia in T1D. According to guidelines, when resistance and aerobic
exercise are performed in the same exercise session, performing resistance exercise first results
in less hypoglycemia than when aerobic exercise is performed first [2]. Several trainings have
mixed aerobic and endurance compounds and it depends on the role or participation in a
specific team sport, such as soccer or basketball, for example, that more aerobic or anaerobic

system will be used. Likewise, high intensity interval training (HIIT), a modality that has
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been extensively studied in the recent years, also has aerobic and anaerobic components [31].
Specially in T1D, the glycemic control can vary depending on the modality of exercise, time
expended and intensity. Hypoglycemia develops in most patients within about 45 min of
starting aerobic exercise [31]. HIIT promotes rapid enhancement of skeletal muscle oxidative
capacity, insulin sensitivity, and glycemic control in adults with T2D and can be performed
without deterioration in glycemic control in T1D [2,65]. Flexibility and balance exercises
are other important modalities due to the improvement of motion around joints, beneficial for
gait and prevention of falls. Activities like tai-chi and yoga combine flexibility, balance, and
resistance activities. Flexibility and balance exercises are very important for older adults with
diabetes [2].

5.2. Recommendations

Each year, the American Diabetes Association (ADA) updates its recommendations for
exercise or physical activity, according to the latest studies. The most recent recommendations
indicate that [64] children and adolescents with T1D or T2D or prediabetes should engage in 60
minutes/day or more of moderate- or vigorous-intensity aerobic activity, with vigorous muscle
and bone strengthening activities at least 3 days/week. Regarding adults, most with T1D or T2D
should perform 150 minutes or more of moderate- to vigorous-intensity aerobic activity per
week, spread over at least 3 days/week, with no more than 2 consecutive days without activity.
For younger, more fit individuals, a shorter duration (minimum 75 minutes/week) of vigorous-
intensity or interval training, HIIT, for example, may be an alternative. In addition to aerobic
activities, it is recommended that adults with T1D and T2D to perform 2-3 sessions per week
of resistance exercise on non-consecutive days. Women with preexisting diabetes, particularly
T2D and those at risk for or presenting with GDM (as previous GDM, obesity and/or older
ages), should be advised to engage in regular moderate physical activity prior to and during
their pregnancies as tolerated. To a special group, older adults with diabetes, is recommended
to train flexibility and balance 2-3 times per week. Yoga and tai-chi can be included according
to individual preferences to increase flexibility, muscle strength and balance.

6. Controlling Exercise-Related Adverse Events in People With Diabetes

Regular exercise should be encouraged and supported by health-care professionals for
many reasons, but primarily because the overall cardiometabolic benefits prevail over the
immediate risks if certain precautions are taken. Safety measures should be considered to
avoid exercise-induced adverse effects because physical activity does carry some potential
health risks for people with diabetes, including acute complications like cardiac events,
hypoglycemia, and hyperglycemia. A medical evaluation should be performed prior to the start
of an exercise program in patients with complications from diabetes. In asymptomatic patients
it is usually unnecessary as long as physical activity is low or moderate. It is essential to carry
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out a glycemic control prior to the start of any activity. Based on the results acquired, strategies
will be proposed to achieve good control throughout the activity. Nutritional recommendations,
adjustment of insulin dosage and drugs need to be enlightened by the clinical team. Specific
recommendations and precautions will vary by the type of diabetes, age, type of exercise,
and presence of diabetes-related health complications. For each individual, recommendations
should be tailored to meet the specific needs [2].

6.1. Pre-exercise Evaluation

The consensus published by the American Diabetes Association for the screening of
coronary artery disease concluded that routine testing is not recommended [66]. Moreover,
no current evidence suggests that any screening cardiac protocol beyond usual diabetes care
reduces risk of exercise-induced adverse events in asymptomatic individuals with diabetes
[67]. Nonetheless, it is recommended that clinical team should perform a careful history,
assess cardiovascular risk factors, and be aware of the atypical presentation of coronary artery
disease. Undoubtedly, high-risk patients should be encouraged to start with short periods of
low-intensity exercise and slowly increase the intensity and duration as tolerated. Clinical team
should evaluate conditions that might contraindicate certain types of exercise or predispose to
injury, such as uncontrolled hypertension, proliferative retinopathy, autonomic neuropathy,
peripheral neuropathy, and antecedents of foot ulcers. Patients with complications may need a

more thorough evaluation prior to starting an exercise program [64].
6.2. Exercise in the Presence of Microvascular Complications

The presence of chronic complications related to diabetes requires a series of adaptations
in terms of the characteristics of each activity [68]. In the case of people with peripheral
neuropathy in view of the diabetic foot, extreme care and revisions of the feet should be done,
using appropriate footwear to avoid the risk of ulcers. When the patient has decreased pain
sensation and a higher pain threshold in the extremities, the practice of some forms of exercise
canresultin an increased risk of skin lesions, infection, and Charcot joint destruction. Therefore,
a thorough assessment should be done to ensure that neuropathy does not alter kinesthetic
or proprioceptive sensation during physical activity, particularly in those with more severe
neuropathy. It has been reported that 150min/week of moderate exercise improve outcomes in
patients with prediabetic neuropathy [69]. All individuals with peripheral neuropathy should
wear proper footwear and examine their feet daily to detect lesions early. The presence of
autonomic neuropathy can cause hypotension, delayed gastric emptying as well as alterations
in thermoregulation that should be considered throughout exercise. In addition, there is an
alteration in the cardiac response to exercise. In fact, autonomic neuropathy can increase the
risk of exercise-induced injury or adverse events through decreased cardiac responsiveness
to exercise, postural hypotension, impaired thermoregulation, impaired night vision due to
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impaired papillary reaction, and greater susceptibility to hypoglycemia [70]. Cardiovascular
autonomic neuropathy is also an independent risk factor for cardiovascular death and silent
myocardial ischemia [71]. Therefore, individuals with diabetic autonomic neuropathy should
undergo cardiac investigation before beginning physical activity.

When proliferative diabetic retinopathy or severe nonproliferative diabetic retinopathy
is present, high-intensity exercise aerobic or resistance exercise should be contraindicated
because of the risk of generating vitreous hemorrhage or retinal detachment. Consultation with
an ophthalmologist prior to engaging in an intense exercise regimen may be appropriate [68].
Exercise is recommended in any type of diabetic nephropathy, always adapting the intensity
to the physical abilities of each individual. Physical activity can acutely increase urinary
albumin excretion. However, there is no evidence that vigorous-intensity exercise accelerates
the rate of progression of renal failure, and there appears to be no need for specific exercise
restrictions for people with nephropathy. It is recommended not to exercise the day before a

protein test in urine, in order to avoid false positives.
6.3. Hypoglycemia

The risk of exercise-associated hypoglycemia is high in people with T1D, and it is
therefore advisable to include exercise-related information in therapeutic education programs.
People with T1D need to know the effects of different components of physical activity on blood
sugar levels, as well as strategies to prevent glycemic fluctuations [2]. Aerobic exercise has a
higher hypoglycemic effect than strength training or low volume of high-intensity exercise.
Exercise duration and intensity are associated with increased muscle glucose consumption,
and therefore an increased risk of hypoglycemia [72]. Performing aerobic exercise needs to
be counterbalance by a higher carbohydrate intake before and throughout the activity. People
with T1D should be instructed on the need to have carbohydrate-rich foods on hand, especially
if they are exercising alone or playing sports in the mountains or at sea [73]. It is also necessary
to increase carbohydrates intake and/or schedule a reduction in insulin doses up to 12-24 hours
after exercise since muscle glucose uptake independent of insulin is still stimulated during the
hours following activity, and muscles need more quantity of glucose to replenish glycogen
stores [17, 74]. Hypoglycemia is less common in patients with diabetes who are not treated
with insulin or insulin secretagogues, in these cases routine preventive measures to avoid

hypoglycemia are not usually advised.
6.4. Factors that determine carbohydrate needs during and after physical exercise

Exercise-induced hypoglycemia is described as one of the main factors limiting physical
exercise, as well as a cause of poor performance in athletes with type 1 diabetes. Though, certain
strategies, such as supplementing carbohydrate intake, can reduce the severity and duration of

these episodes, thereby eliminating the fear of exercise-induced hypoglycemia [75]. The role
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of carbohydrates in the diet of athletes with diabetes is important as a prerequisite for achieving
maximum athletic performance, not only in improving and accelerating the recovery of energy
stores in the body, but also in regulating blood glucose levels during training sessions and
competitions. In general, the nutritional strategies used by athletes with and without diabetes
should not differ. However, certain standards and guidelines must be established for including
carbohydrate supplements within the set of specific treatments for diabetes [76].

The prediction of carbohydrates consumption during and in the hours after physical
activity requires a great knowledge and analysis of factors specific to each type of activity. In
this sense, the personal observations and experience of each individual are highly important.
It is recommended to monitor blood glucose levels before and after exercise, or, if possible, to
use a continuous glucose sensor. In general, the characteristics of the activity to be performed
affect blood glucose levels to a high degree.

Type of exercise: Forms of exercise dominated by the aerobic component, such as
walking, running, swimming, skating or cycling, produce greater glucose consumption and,
therefore, have a stronger hypoglycemic effect. In contrast, forms of exercise with an elevated
anaerobic component, like sprints, combat sports and working with heavy weights, can produce
strong adrenergic stimulation (stimulating liver production of glucose) and thus usually have
a lesser hypoglycemic effect post-exercise. Competitive sports can also be associated with
significant emotional stress (high adrenergic stimulation), which causes increased blood sugar
after exercise, especially in children and adolescents.

Duration: During the first 30-60 minutes of moderate- or high-intensity exercise,
muscular and hepatic glycogen becomes the primary muscle fuel. Thereafter, the glycogen
stores begin to decrease, and muscles increasingly obtain energy from fatty acids and glucose
from blood. Succeeding these events is when the most significant changes in blood glucose are
observed.

Intensity: Glucose is the preferred muscle fuel for exercise performed at a moderate or
high intensity, whereas low-intensity exercise uses fatty acids as energy source. Therefore,
low-intensity activities such as walking may have a minimal effect on blood sugar, whereas
intense activities such as running could cause a stronger and faster blood glucose lowering
effect.

Frequency: Hypoglycemic effects, especially after exercise, increase after several
consecutive days of physical exercise. In this situation, since it is almost impossible to recover
of glycogen stores from one day to another, the body is less able to use the mechanisms
of hepatic glycogenolysis to regulate low blood glucose. Schedule: The timetable of insulin
administration results in different blood insulin levels throughout the day, which give place a

tendency to develop hypoglycemia during physical activity. This effect is more possible when
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exercise is performed just within 2-3 hours after rapid-acting insulin is administered.

Carbohydrates represent the main nutrient for both ensuring optimal muscle work
and for maintaining blood glucose levels as close to normal as possible. Since reserves of
carbohydrates in the body are limited, nutritional strategies must aim at maintaining or quickly
replenishing these deposits once consumed through physical exercise [76].

6.5. Hyperglycemia

Exercise-induced hyperglycemia is more common in TID. Overconsumption of
carbohydrates before or during exercise, along with aggressive insulin reduction, can promote
hyperglycemia during any exercise [77]. Intense exercise such as sprinting or heavy power
lifting may promote hyperglycemia, especially ifblood glucose levels are elevated when starting
[78, 79]. A low dose of insulin can be administered to correct postexercise hyperglycemia
taking in consideration that excessive insulin corrections after exercise may increase nocturnal
hypoglycemia risk with devastating consequences for the individual [80]. Patients with T1D
should test for blood ketones if they have unexplained hyperglycemia (>250 mg/dL). In this
situation, exercise should be delayed or suspended if blood ketone levels are elevated (>1.5
mmol/L), as blood glucose levels and ketones may rise further with even mild activity and
in this situation a serious complication such as diabetic ketoacidosis could appear. Also,
adults with T2D may experience a hyperglycemic response to aerobic or resistance exercise,
especially if they are insulin users. In those patients, excessive carbohydrate intake along with
an exaggerated decrease in insulin can also induce hyperglycemia [81].

7. Conclusions

Physical exercise is an important part of the treatment of diabetes. It should be
recommended and prescribed to all individuals with diabetes as part of management of
glycemic control and overall health. Also, the prescription is important in population with
prediabetes in order to prevent or delay the progress of T2D. Physical exercise practiced on
a regular basis not only prevents diabetes, but also other cardiovascular risk factors. Specific
recommendations and precautions will vary by the type of diabetes, age, type of exercise,
and presence of diabetes-related health complications. Recommendations should be tailored
to meet the specific needs of each individual. In addition, all adults should be encouraged to
decrease the total amount of daily sedentary time and harmonizing sitting time with frequent
sessions of activity. Finally, as a fundamental component, we must consider how to promote
strategies aimed at behavioral changes to motivate the general population with and without
diabetes to incorporate healthy changes in their lifestyle to improve their well-being.
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