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Abstract

Diabetes is a disease affecting people of all races in the world, it can appear at any age. It is considered to be social disease
due to the incidence and complications. It is a disease of complex etiology, classified as a metabolic disease with chronic
hyperglycemia. It requires intensive hypoglicemizing therapy. There are two types of diabetes: type I and type II with differ-
ent etiologies and varied clinical picture.

In the case of prolonged illness serious complications develop, from which, however, the sick may be saved, on condition of
the patient’s absolute submission to the rigors of treatment. It is possible to live an active life and even practice sports. Ex-
tremely important in this case is the correct blood glucose, providing for adjusted glucose homeostasis, which is promoted by
physical activity. Physical exercise can be an important therapeutic agent in treating diabetes, provided the criteria of its phy-
siological tolerance are determined. It is vital that an individual approach to the patient is made, associated with the duration
of the disease and existing complications. Patient education in monitoring patients’ glucose levels is important, i.e. the effi-
ciency in the implementation of individual insulin therapy and hyperglycemia or hypoglycemia self-prevention during and
after physical exercise. Patients who decide to practice sport should find the optimal way to control exercise, and diet during

and after exercise, then the sporting success is possible.
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Introduction

Diabetes is a disease affecting people of all races
throughout the world, it can appear at any age. It is consi-
dered to be social disease due to the incidence and compli-
cations. It represents 95% of the total carbohydrate meta-
bolic disorders resulting from the total lack of insulin or
insulin resistance. According to the World Health Organi-
zation (FAO), diabetes affects around 100 million people in
the world, in Poland about 3% of the population (2.0 mil-
lion), and the number of people with impaired fasting glu-
cose or glucose tolerance is about twice as that. Elusive
onset of the disease is found in over 85% of cases [1, 2].

Diabetes is a disease of complex etiology classified as
metabolic diseases with chronic hyperglycemia. There are
two types of diabetes of different pathophysiology: type I,
resulting from autoimmune damage to pancreatic islet B-
cells in individuals genetically predisposed and type II —in
its creation a key role is played by genetic predisposition,
associated with impaired insulin secretion and tissue resis-

tance to its action [3, 4]. In the case of prolonged illness
there develop severe organ complications (macro-and mi-
cro-angiopathy - changes in the vessels and peripheral
nerves), associated with prolonged hyperglycemia. The
clinical picture of these disorders is very diverse, due to the
concomitant disturbances of fat tissue, protein and hydro-
mineral (transport electrolytes) management [5, 6, 7]. It is
necessary to undergo intensive glucose lowering therapy
throughout the patient’s life. However, it is possible to save
patients from complications (atherosclerosis, stroke, retino-
pathy, nephropathy), they may lead a long active life and is
not impossible for them to participate in sports, based on
the patient’s absolute submission to the rigors of treatment.

Insulin deficiency and excess
Regulation of insulin secretion is executed by feedback

via a direct effect of blood glucose on B-cells of pancreatic
islets. When the concentration is high (above 300 mg/dl)
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insulin secretion is increased, but if it is correct (70-120
mg/dl) or decreased rate of secretion is small [8, 9].

The main feature of insulin deficiency is elevated le-
vels of blood glucose due to its decreased penetration into
many tissues, and increased release of glucose from the
liver (excess glycogen). The resulting hyperglycemia leads
to glycosuria and osmotic diuresis causing dehydration,
accompanied by a loss of Na+ and K+. In extreme cases,
these disorders lead, through toxic effects on the nervous
system, to coma and death [8].

The excess of insulin and the resulting shortage of
blood glucose lead to hypoglycemia. In the absence of the
basic material of the energy system which is glucose, the
body’s energy needs can be met through the degradation of
protein and fat reserves. This leads to their increased cata-
bolism, in consequence the increased protein degradation
(negative nitrogen balance) and loss of muscle mass, and in
case of fats breakdown there occurs the accumulation ke-
tone bodies in the blood (ketosis) — metabolic acidosis de-
velops. If hypoglycemia is extended, irreversible changes
occur in the structure of the brain, the diencephalon and
medulla oblongata. It is followed by respiratory depression
and death.

Carbohydrate metabolism

Carbohydrates distributed in the tissues of plants and
animals are an important source of energy for life processes
activity. The most important sugar serving as metabolic
fuel of the tissues is blood glucose. Glucose homeostasis is
the result of glucose supply into the blood and its con-
sumption in the cells. Constant concentration of glucose in
the blood is dependent on the balance of these processes,
regulated by the liver, acting as a kind of “glucostat”.

The main determinants of blood glucose levels are:
food intake, rate of penetration of glucose into myocytes,
fat cells and other organs, and glucostatic liver activity.
Five percent of ingested glucose is immediately converted
into glycogen, and 30-40% into fats. Remainder is metabo-
lized in muscle and other tissues and metabolic processes
are regulated by the concentration of substrates and hor-
mones. In addition to insulin, metabolism involves many
hormones in the regulation of glucose, they also include
glucagon, epinephrine, norepinephrine, glucocorticoids,
growth hormone and thyroid hormones, and many other
factors, including genetic factors and lifestyle [9, 10, 11].

The transport of glucose into cells is mediated by spe-
cific carrier proteins: GLUT1 to GLUT5 and GLUT?, the
most active protein is a transporter GLUT4 [12]. Transport
is regulated by two distinct mechanisms: insulin dependent
(skeletal muscle, liver, adipose tissue), and independent of
insulin (brain, red blood cells, but also the tissues listed
above). Decisive influence on glucose metabolism in hu-
mans, the resting level and stimulated by insulin use, exert
skeletal muscles, due to their mass [13, 14]. All types of
muscle fibers are sensitive to insulin, although the red fi-
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bers have a greater number of insulin receptors and glucose
transporters (GLUT-4) than white [15]. Muscle spasm is
associated with an increase in biological diffusion of glu-
cose from the blood and the extracellular space into the
working muscle cells, independently of insulin, and in-
creased sensitivity of muscle cells to insulin. Processes are
accompanied by a reduction in insulinemia, which allows
to conserve glucose [15, 16]. Studies have shown that an
important controller in glucose metabolism and an impor-
tant factor in the maintenance of glucose homeostasis, in
addition to a balanced diet, is the physical exercise, but the
effect is short-term (2-4h). However, the increase of myo-
cytes sensitivity to insulin was observed for another 48
hours after exercise [14, 17, 18, 19]. Studies have shown that
only the constant, regular physical activity is beneficial for
glucose tolerance and its distribution in the body [20, 21].
These observations became the basis for the systematic use
of physical exercise in the treatment of diabetes, as support-
ing the maintenance of glucose homeostasis (normoglyce-
mia) [15, 16].

Hormonal regulation of glucose level

Maintenance of normoglycemia during exercise in
healthy individuals is largely through the adaptation hor-
mone. Each of the hormones involved in carbohydrate me-
tabolism plays an important role in providing adequate
quantities of energy to working muscles. And so the exer-
cise enhances the activity of glucagon, and catecholamines
resulting in increased lipolysis and release of free fatty ac-
ids (FFA) from adipocytes, as feedstock in the process of
gluconeogenesis in the long lasting exercises. A similar role
is attributed to the increase in epinephrine under the influ-
ence of exercise [2]. FFA consumption as the energy materi-
al is enhanced by hormones such as glucocorticoids (corti-
sol) and growth hormone, whose synthesis during exercise
also increases [23]. Effect of physical exercise is therefore
associated with the production, flow and use of substrates;
hypoglycemic effect (increase in glucose uptake), and the
hyperclycemizing effect of by increased gluconeogenesis
(release of FFA, alanine and lactate from the muscles).

This well-coordinated hormonal response of the body
to the physical exercise, conditioning the maintenance of
glucose homeostasis, disappears in patients with insulin
deficiency, mainly in patients with type I diabetes, which
can be prevented by monitoring the glucose levels during
exercise, and adequate nutrition [8, 24, 25].

Glucose level vs. physical exercise

In healthy people exercise leads to changes in blood
glucose levels, which depend on the intensity and duration.
During short-term exercises exercise-dependent increase in
glucose level is observed, indicating glucose production
advantage over its use, the consumption of glucose increas-
es with the intensity of exercise. During the exercises of
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moderate intensity and longer duration glucose concentra-
tion begins to decrease to a level at which symptoms of
hypoglycemia occur (the long-term exercises) [26].

Increased glucose production is the result of glycoge-
nolysis and gluconeogenesis increase in the liver. In the
early stage of exercise, small gluconeogenesis is involved.
With extension of working time intensity of this process
increases, the supply of substrates to the liver for the syn-
thesis of glucose increases, that is: FFA, glycerol, amino
acids, mainly alanine, as well as pyruvate and lactate.

In diabetic patients exercise-related blood glucose
changes also depend on the intensity and duration of exer-
cise, but the reactions are different. In patients with severe
insulin deficiency the exercise often leads to increased
hyperglycemia, because participation of gluconeogenesis in
the process is greater than in healthy subjects. The reaction
is not only a result of insulin deficiency, but probably
greater than normal activation of factors that stimulate the
production of glucose. In diabetic patients there is also
noted an increase in ketone bodies, which during exercise
may be significant, indicating the advantage of their pro-
duction over consumption (increased levels of FFA in the
blood flowing to the liver) [16]. In case of patients treated
with insulin the exercise generally leads to reduction of
blood glucose, as a result of peripheral glucose uptake. In
addition, exogenous insulin may inhibit the release of glu-
cose from the liver. However, during and after exercise
there may occur a state of hypoglycemia, which usually
occurs in the fasting state, when the liver is the only source
of glucose. In such circumstances, the patient must eat the
right amount of rapidly absorbed carbohydrates (food glu-
cose, sugar, sweet juice) to compensate for glucose [27].

The conversion of carbohydrates in the working mus-
cles is linked to lactate production, which in healthy people
is proportional to the intensity of exercise. However, in
patients with diabetes increase of lactate levels may be
higher after exercise, and the duration of the increased con-
centration after exercise longer, due to inhibition of remov-
al of lactate from the blood by glucose-lowering drugs (in-
sulin, biguanidin and others) [16].

It is believed however, that the appropriately dosed
muscle work positively affects the normalization of blood
glucose, the health status of patients with diabetes, pro-
vided continuous monitoring of the intensity and duration.
Working muscles can utilize glucose with the minimum
concentration of insulin in the blood reducing the demand
for this hormone. An important problem is to determine the
physiological criteria for exercise tolerance in patients with
diabetes, the other for people with type I diabetes, the other
for patients with type II. It becomes essential to consider
the benefits and possible risks of use of exercise and how to
prevent them [28, 29, 30].
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Tolerance of physical exercise in diabetes

Tolerance of physical exercise by people with diabetes
is reduced by the associated with the disease, regulation
disorders (neuro-autonomous), insulin deficiency, the in-
fluence of hypoglycemic drugs and others (in the case of
accompanying diseases), the effect of diet modification (low
carbohydrate diet), syndromes of complications. It is neces-
sary, prior to physical therapy, to determine an individual
exercise tolerance associated with the duration of illness,
type of diabetes, treatment regimens, including place and
way of insulin administration, as well as age and sex.

In addition, there are a number of other elements af-
fecting the exercise tolerance, among them its intensity,
metabolic rate, the personal degree of fitness and time rela-
tionship of exercise with meals. Exercises by patients with
type I diabetes are linked more often than in patients with
type II diabetes, to the risk of violent disturbances of ho-
meostasis in the form of hypo- or hyperglycemia, which
may lead to severe complications of the circulatory system
[31, 32].

Before commencement of the training session, there-
fore, assessment of the circulatory system is needed in con-
sideration of the possibility of vascular complications, and
the evaluation of the nervous system and eyes, as well as
identification of comorbidities [7]. The basic condition for
physical activity taking by people with diabetes is aligned
with the metabolism of glucose, i.e. if blood glucose levels
do not exceed 250 mg/dl (13.9 mmol). The concentration of
glucose before exercise may also be lower than 100 mg/dl
(5.5 mmol). In patients treated with insulin may need to
reduce the dose of insulin depending on the planned exer-
cise intensity and duration or the introduction of additional
portions of carbohydrates [19, 22].

At the time of preparation of an individual program of
exercises, which are primarily aimed at the therapeutic
effect it is necessary to comply with certain recommenda-
tions [16].

Exercise load of people with uncomplicated type I di-
abetes should not exceed 30% of their physical capacity,
even if it is a short-time exercise [30]. Patients with diabetes
should not perform static exercises because of an increase
in blood pressure. Anaerobic exercises are not recommend-
ed, as well as maximal and supramaximal, also significantly
raising blood pressure (stimulating the adrenergic system).
The training programs use moderate therapeutic aerobic
exercises, increasing the size of maximum oxygen con-
sumption (VO2max), the efficiency of lung ventilation, car-
diovascular endurance, as well as neural adaptation and
increase in the amount of muscle tissue. The result of exer-
cises carried out regularly, also involves loss of excess body
weight (primarily body fat) important for people with type
I diabetes, which is associated with improved insulin sen-
sitivity, and normalization of blood glucose and serum
lipids. These benefits are associated with delayed occur-
rence (or non-occurrence) of organ complications of the
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disease, which are the main cause of disability or prema-
ture sudden death. One also cannot forget the positive im-
pact of exercise on patients’ mental health [quoted after 6].

As recommended by the American College of Sports
Medicine, people with diabetes should perform 3 to 5 times
a week a 20-60 minutes aerobic exercise training at 55-60%
maximum heart rate (HR). For those with excess body fat it
is recommended to extend the workout to one hour while
reducing its intensity [33].

Principles of physical training organization

Detailed rules for the organization of therapeutic phys-
ical exercise recommended to the patient with diabetes, as
well as absolute and relative contraindications to its use,
have been provided by Bernas [16]. The most important
absolute contraindications are: complicated recent heart
attack, unstable angina, acute heart failure, phlebitis, acute
renal failure. The relative contraindications include: blood
glucose levels above 250 mg/dl, acetonuria, tachycardia,
hyperthyroidism, AIDS.

Prelude to the implementation of the training involves
the classification by the physician covering the identifica-
tion and assessment of vascular or neurological complica-
tions, ECG evaluation and diagnosis of diseases associated
with diabetes. It is also recommended to examine pressure
response to exercise (can be increased).

Type of exercise

In people with diabetes aerobic and dynamic exercises
are preferable. Among the exercises the following are rec-
ommended: tourism, walking, slow running (jogging),
swimming, badminton, playing football, cycling, gymnas-
tics [34]. All the exercises that may cause injury should be
excluded.

In general, in addition to the simplest form of exercise,
i.e. walking, the following exercises are recommended:

— general improving exercises with elements of
respiratory gymnastics, 20-30 minutes,

— physical games and some elements of sports, fitness
trails — a combination of walking, gymnastics and sports
items to 60 minutes,

— individual exercise dosed on the cyclo-ergometer at
home (once a day for 20-30 min),

— team or individual exercises in water (60 minutes),

— treatment by physical work (work on the plot),

— jogging — less intensive run, rather walking-running,
time limited by the ability of the patient, to 60 minutes.

Prior to practice in the field or the gym, a 5-10 minute
warm-up is applied, whose aim is to gradually introduce
the patient to adapt to a full exercise. These are usually
light, dynamic exercises of stretching, warming up muscles,
such as bending [16, 35].
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Exercise intensity

After warming up, the intensity of exercise is adapted
to the individual patient’s physical capacity. It is deter-
mined mostly by an indirect method calculating the maxi-
mum oxygen uptake (V0Omax), based on post-workout
assessment of pulse rate (HR), for example by Astrand and
Ryhming method [36]. Exercises recommended are at the
level of 30-50% V02max. During the exercise the heart rate
should be controlled, blood glucose, blood pressure, which
should not rise above 180/95 mmHg [35, 37].

In order to select the appropriate exercise intensity, the
following should be determined:

1) pulse rate at rest — in the morning in lying position, after
waking up — HR at rest,

2) the maximum pulse rate — HRmax, which can be
calculated according to the latest recommendation,
using the formula: HRmax = 208 - 0.7 x age of the patient
in years [38],

3) then 50% of maximum efficiency (MEso) of the person
examined is calculated according to the following
formula:

MEso = 0,5 (HRmax — HRat rest.) + HRat rest.

Exercise duration and frequency

Exercises at MEso, can safely take 20 to 45 minutes,
those with lower intensity may take longer. It is believed
that shorter exercises do not give the expected metabolic
effects. Tangible benefits in terms of increased insulin sensi-
tivity and decrease in glucose levels are achieved by con-
ducting exercises every second day, and at least three times
a week. Post-physical exercises improvement of blood glu-
cose generally takes 12 to 72 hours [16].

At the completion of exercises, for 5-10 minutes the pa-
tient should perform exercises with decreasing intensity
(i.e. hypothermia after exercise).

It is important for practitioners that their blood glu-
cose is monitored frequently, especially at the beginning of
the training program.

The benefits of regular exercise are less pronounced in
people with type I diabetes than type II. This is mainly due
to less frequent lipid abnormalities in patients with type I
diabetes.

Although exercise is an important method of treatment
for diabetes, but not everyone can make it to the full extent,
which is generally subject to the duration of existing dis-
eases and complications. As mentioned above, an individu-
al approach to the patient is important. However, the ex-
tension of daily physical activity is necessary. The first
phase of increased activity consists of: 10-15 minutes of
gymnastics in one’s own apartment, a walk (3-4 times per
week) (it can be marching but not necessarily) and also a
reduction, if possible, of using elevators, car [8].

In the second stage it is necessary to introduce physical
activity into lifestyle. This applies to any kind of physical



Raczynska, Zubik, Jelinski: DIABETES vs. PHYSICAL EXERCISE

exercise 3-5 times a week (30 minutes), brisk walking, cycl-
ing, swimming and team sports: basketball, volleyball, ten-
nis are recommended.

This does not exclude also professional sport with the
consent of doctor, after making appropriate clinical studies.
Patient joining the sport must be properly trained in this
direction. He should know the side effects and contraindi-
cations of exercise [39]. Patient education in glucose moni-
toring is very important, which is an essential element of
the treatment process, as well as sports training.

In any case, prior to the training there is a requirement
of an initial assessment of metabolic status and degree of
glycemic control and performance of individual patient
evaluation in insulin therapy, his ability of glycemic self-
control and hyper- or hypoglycemia self-prevention after
the exercises [40].

The increasing incidence of young people, including
children and young people is a major problem in diabetes
therapy. This applies particularly to people who are physi-
cally active, often practicing different sports. Also a fashion
for extreme sports, which prevailed in Europe, and Poland
is a challenge for people with diabetes, but also for medical
care. Patients, particularly teenagers, want to catch up with
healthy peers in the sport, but often are not aware of the
dangers faced during exercise, and during post-exercise
period, which can result in serious complications.

So, can patients with diabetes practice sports?

It is a difficult question, requiring big commitment of
both the patient and the physician. Huge advance in know-
ledge and better understanding of pathogenic mechanisms
of complications give hope to increase of the effectiveness
of treatment of diabetes. They make it possible to monitor it
better and better, even under conditions of stress. An ex-
ample is the use of individual pump. Continuous subcuta-
neous insulin infusion implemented by pump mimics the
most physiological rhythm of insulin secretion by a healthy
pancreas. It ensures optimal metabolic control, as it creates
the possibility of better control (than a single injection) of
the basic and postprandial insulin levels [41].

There is the possibility of providing the patient with
accurate and practical tips on how to adjust insulin therapy
to the individual needs of the body during exercise without
having to sacrifice the sport. This implies, however, an ex-
tensive education conducted in the diabetes clinic, where
accurate, practical guidelines for drug therapy, and diet
during therapeutic exercise and sport are provided [23].

Diabetes vs. sport

Patients who decide to practice sport in addition to
fighting with their own weakness, related to the disease,
must confront the danger of losing consciousness due to
hypoglycemia after physical exercises. Sport practicing
must therefore be very balanced, which applies both to
patients with type I and type II diabetes, since the patient is
responsible for acute complications caused by exercise,

Pol. J. Sport Tourism 2011, 18, 3-9 7

who, after proper training conducts his own treatment.
There is no recipe for insulin therapy during exercise. It is
the patient, who by trial and error by doing 8-12 measure-
ments of the sugar level (a day), should find the optimal
way of controlling exercise, and diet during and after exer-
cise [23, 25].

Patients treated with insulin cannot affect the level of
exogenous insulin during exercise. They have a tendency to
hypoglycemia during and after exercise. The patient must
be prepared for the possibility of hypoglycemia and be able
to prevent it, and when there is an appropriate response
(consumption of easily digestible simple carbohydrates). In
most cases, hypoglycemia is relieved after the administra-
tion from 10 to 15 grams of rapidly absorbed carbohydrates
(15 minutes). Then again, blood glucose levels should be
checked (it should not be below 70 mg/dl). In the case of
severe hypoglycemia athlete should be given glucagon
(medical assistance). Risk of post-exercise hypoglycemia is
often caused by long-term exercise, in proportion to the
duration, and the risk may persist even up to 24 hours. The
patient must be aware that during the intensive training
period at all times there is at risk of hypoglycemia, which
lasts for 1-2 weeks after its completion, which results from
sensitization of tissues to insulin and the process of rebuild-
ing glycogen reserves [23]. In the swift recovery of glycogen
after exercise carbohydrate intake with high glycemic index
plays an important role. It is also important to eat before
exercise the additional 2-4 WW (replacements of carbohy-
drate), and then every 30 minutes to eat 2 WW, preferably
in the form of an isotonic fluid [28].

Exercise undertaken in a state of insulin deficiency,
with high levels of blood glucose (above 300 mg/dl) is dan-
gerous, and “sugar reduction” by exercise is not justified,
and in this situation there should be a corrective dose of
insulin administered or oral medication, increased by 10-
20%. Otherwise, the sugar level can be very high, also due
to the body’s defensive reaction by the stress hormones
(adrenaline, cortisol). Acetone may occur due to abnormal
metabolism of fat. If ketone is found to be present in the
blood, the exercise must be stopped [29, 42].

During the training period, the frequency of measure-
ments of blood sugar levels should be increased. Especially
the attention should be paid to the glucose level at 2-3 at
night, when patients with diabetes can suffer from post-
exercise hypoglycemia (quoted after 23). The method of
continuous glucose monitoring is very helpful, at least for 3
days, which allows to detect asymptomatic hypoglycemia.
In the conditions which prevent control of blood sugar
levels, professional sport practicing, especially extreme
sport is dangerous in every respect.

An indispensable condition for safe sports practicing is
nutrition subordinated to both diabetes and practiced sport.
Nutrition must always cover all the body’s requirement for
nutrients, but must also consider the impact of the products
consumed on carbohydrate metabolism, glucose, lipidemia,
and other factors (e.g. hydration) in such a way as to be
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able to coordinate drug therapy [25, 43, 44]. It must be
adapted to the situation of exercise, training and competi-
tion. The diet should take into account certain preferences
for both kinds of products, especially their GI. Some differ-
ences relate to the abundance of food and frequency of their
consumption. It is preferred to consume 5-7 smaller meals
per day, which must be tailored to the patient’s lifestyle,
and medications. Coordination between the injection of
insulin (or taking of drugs) and eating a meal and exercise
implementation is the guarantor of the balanced glucose
level. Dietary recommendations for persons undergoing
physical exercise are provided by numerous case studies
and brochures, popular science and popular publications
that can be found in each diabetes clinic [8, 24, 32].

The balanced blood glucose and safe sports practicing
are reflected in medical diagnostic parameters. In addition
to monitoring blood glucose, which the patient carries out,
it is necessary to periodically check glycosuria in diabetes
clinic, acetonuria, and above all glycosylated hemoglobin
(HbAic), which is a measure of blood glucose-lowering
efficacy, because it reflects the average blood glucose over
the past 3-4 months [29]. Control periodic medical examina-
tion also applies to endurance tests including ECG, and
monitoring of possible complications of diabetes.

An example of glycemic control and maintenance of
normoglycemia (normal blood HbAi. value below 7%) dur-
ing professional sport practicing is the co-author of this
article; the lower competing in the heavyweight double
four. Skillful adaptation of treatment to the training process
(insulin therapy and diet) allowed for safe exercise and
gave him sporting success: Olympic gold medal (in Beijing)
and 4 World Championship medals.
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