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Abstract.

Introduction and Purpose: Diabetes is a prevalent metabolic disorder affecting over 530
million people globally, with its incidence increasing alarmingly. Due to the early onset of type
1 diabetes (T1D), treatment and prevention of complications are critical. This study aims to
present the safety profile of physical activity, its effects on metabolic processes, and the benefits
of exercise in preventing late complications of T1D.

Review methods: Data were collected using databases such as PubMed and Google Scholar.
Over 30 studies and scientific publications published in English or Polish were analyzed,

99 <6 29 (13 29 (13

considering keywords such as “type 1 diabetes”,“physical activity”, “exercise”, “aerobic
exercise”, “anaerobic exercise”.

State of Knowledge: Depending on the type of exercise performed, the body of a diabetic
behaves somewhat differently. There is a risk of hypoglycemia during or after aerobic exercise,
although some studies have not confirmed such a relationship. Systematic aerobic activity has
been proven to benefit carbohydrate metabolism, lipid metabolism, blood vessels and overall
body condition. Anaerobic exercise may temporarily raise blood glucose levels and introduce

additional stress factors. However, combining both types of exercise can effectively stabilize
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glycemic levels and improve quality of life. Additionally, exercise has been shown to mitigate
long-term diabetes complications.

Conclusion: Historically, diabetes was viewed as a disease that restricted physical activity.
However, current evidence supports the recommendation of physical exercise for T1D patients.
Proper education, treatment advancements, and self-monitoring allow even high-intensity

activities to be safely performed.

Keywords: Type 1 diabetes, physical activity, aerobic exercises, anaerobic exercises

1. Introduction.
Diabetes mellitus is a group of metabolic diseases characterized by hyperglycemia that results
from abnormal insulin production or action. Over time, it can result in damage to numerous
organs, primarily the kidneys, eyes, nerves, blood vessels and heart. It is a major global health
issue, and the number of affected individuals continues to rise. According to the International
Diabetes Federation, 537 million people worldwide had diabetes in 2021, and this number is
projected to be 784 million in 2045. In Poland, approximately 3 million people have diabetes,
with about 10% being diagnosed with type 1 diabetes [9]. It occurs in genetically predisposed
individuals and is typically autoimmune in nature. It involves the destruction of the beta cells
of the pancreas, which are responsible for the production of insulin. This leads to a deficiency
of the endogenous hormone and requires insulin pharmacotherapy. However, for many years
there was a belief that people with type 1 diabetes should avoid excessive physical activity.
After the discovery of insulin, it was thought that exercise in type 1 diabetes could pose a risk
to patients. The results of a study evaluating the effect of exercise on the development of chronic
complications were not published until 1986 [7]. It was concluded that physical activity in
people with type 1 diabetes did not appear to have a negative impact on health, and may even

have a beneficial effect.

2. Types of physical activity.
Today, physical activity is the foundation of a healthy lifestyle and is recognized by the medical
community as an essential component of effective diabetes management [17]. The role of

physical activity in type 2 diabetes is well established, and its importance in type 1 diabetes is



still being studied. The many benefits of exercise like increased insulin sensitivity, improved
glycemic control, blood pressure, lipid profile and weight reduction are known. It also has a
positive effect on mood, even in depressed patients.

However, in patients on insulin therapy, intense exercise carries the risk of rapid changes in the
body's carbohydrate metabolism in the form of hypo- or hyperglycemia. There is considerable

skepticism regarding the benefits of physical activity among individuals with diabetes.

Physical activity is categorized as:

- Aerobic Exercise: Activities such as walking, marching, “Nordic walking”, leisurely
cycling, rollerblading, skiing. They are characterized by the work of muscles using ox-
ygen supplied to the body. In this case, burning glucose gives the most favorable energy
balance. The level of glucose in the blood decreases, and the sensitivity of tissues to
insulin increases and remains high even up to 48h after exercise. However, diabetics are

at risk of hypoglycemia after this type of activity.

- Anaerobic Exercise: High-intensity activities like weightlifting and sprinting can lead
to post-exercise hyperglycemia. They place a heavy burden on the body, and the body's
demand for energy exceeds the available glucose in the blood. The body activates addi-
tional methods of obtaining energy such as releasing glucose from glycogen in the liver
and muscles, through the process of glycogenolysis, which leads to hyperglycemia. Fur-
thermore, with prolonged exercise, the body shifts to utilizing fatty acids as an energy
source. This results in the formation of ketone bodies, which impair the action of insulin,
leading to hyperglycemia, which is poorly responsive to treatment. Glycemia is also
influenced by adrenaline produced during team sports and competitions, which contrib-

utes to an increase in its levels.

3. The role of aerobic exercise in T1D.
The presence of post-exercise hypoglycemia in people with type 1 diabetes is controversial.
Some studies indicate an increased risk of glucose decline after aerobic exercise, while others
show no such association. Untrained individuals and those who engage in physical activity
unsystematically are at greater risk for late hypoglycemia, occurring up to 24 hours after

exercise. A study conducted by researchers from Silesian Medical University in Katowice,



Poland, found that people with type 1 diabetes are particularly at risk for developing post-
exercise hypoglycemia. Of great importance is the level of physical activity. The incidence of
hypoglycemia significantly increases in people who train intensively compared to patients with
low activity [2]. It is recommended to perform aerobic exercise in the morning due to the
increase in blood glucose levels at this time. This provides additional protection against an
episode of hypoglycemia [19]. Nevertheless, aerobic exercise is considered a safe form of
physical activity in type 1 diabetes, and it is recommended to undertake exercise of at least 150
minutes per week. Systematic aerobic exercise training increases cardiorespiratory fitness, has
beneficial effects on lipid levels, endothelial function and reduces insulin resistance. It can also

help improve glycated hemoglobin levels.

4. The role of anaerobic exercise in T1D.
In 2021, researchers from Spain conducted a study in which they evaluated the effects of high-
intensity interval training (HIIT) on the metabolism and mental state of people with type 1
diabetes. The results of the study showed that several seconds of intense exercise, interspersed
with moderate intensity activity, produced beneficial effects in patients. No significant drops in
glycemia were observed during or after exercise. The subjects also did not experience episodes
of hyperglycemia. In addition, improvements in quality of life, sleep, increased enjoyment and

motivation to exercise were observed in previously inactive subjects with type 1 diabetes [4].

The study conducted by Cuenca-Garcia et al. [8] confirmed that physical activity is associated
with improved glycemic control. A total of 97 young individuals were examined. The findings
demonstrated that regular moderate-to-vigorous physical activity may enhance glycemic
control in young individuals with type 1 diabetes, as indicated by lower HbAlc levels in the
study group.

Researchers from Portland demonstrated that aerobic exercise led to a greater decrease in
glucose levels during the workout, while resistance exercise had a better impact on long-term
glycemic control (24 hours post-exercise). Resistance training has been shown to help
participants maintain glucose levels within a more stable range for a longer period following
exercise [6]. Another study confirmed that adding short bursts of high-intensity, sprint-type

exercise to aerobic exercise can minimize the risk of a hypoglycemic episode and help stabilize



values [11][17][18]. Anaerobic exercise is best performed during the time of day when a person

is most at risk for hypoglycemia (i.e., afternoon/evening) [19].

Diabetes can lead to muscle weakness through nerve damage (diabetic neuropathy) and
disturbances in protein and carbohydrate metabolism. Additionally, improper glucose control
and reduced insulin production may hinder the effective use of glucose by muscles, leading to
their weakness. Resistance training contributes to increased muscle strength and mass, enhances
bone mineral density, and improves body composition. It is an important factor in improving

physical fitness [17][19].

5. Exercise and Diabetes Complications.
In 2015, German and Austrian researchers confirmed the beneficial effect of physical activity
on late complications of hyperglycemia in type 1 diabetes [5]. They noted that physically active
patients appear to be more educated about their disease and control systems. In addition, activity
forces increased frequency of glucose measurements which affects early capture of abnormal
blood glucose and faster response. A lower incidence of retinopathy and microalbuminuria has
been shown in active patients compared to inactive patients. Systematic exercise is associated
with weight reduction, positive effects on diastolic blood pressure and hypertension. Exercise
has also been shown to be associated with beneficial effects on LDL cholesterol, triglycerides
and HDL cholesterol [7]. All of these components contribute to reducing the risk of

cardiovascular incidents in patients with type 1 diabetes.

6. Safety of training in diabetics.
6.1 Evaluation of Exercise Capacity.
According to the Polish Society of Diabetology, the patient's capacity for physical activity
should be evaluated by a diabetologist. He or she takes into account the activity of the disease,
the type, duration, intensity of exercise, any contraindications, the likelihood of compliance
with the recommendations and the patient's training. The diabetologist's decisions may require

consultation with other specialists, including an ophthalmologist, cardiologist, nephrologist and



neurologist. For younger people with diabetes (without significant contraindications), daily

vigorous exercise, including active sports, is recommended.

6.2 Monitoring During Exercise.

During activity, continuous glucose monitoring (CGM) systems are recommended. They allow
continuous glycemic control and rapid response to health-threatening glucose values. In the
situation of self-measurement with a glucometer, it is advisable to take measurements at least 3
times - up to 15 minutes before the start of the activity, during the activity and after the cessation

of the activity.

6.3 Contraindications for Physical Activity.

Severe hypoglycemia is a contraindication for engaging in physical activity for at least 24 hours.
When the glucose level falls below 70 mg/dl, simple carbohydrates (preferably in liquid form)
should be consumed. Once symptoms of hypoglycemia subside, physical activity can be
resumed. With glycemic values >250 mg/dl and the presence of ketone bodies in the blood or
urine > 1,5 mmol/L, exercise is contraindicated. Adjustments to insulin dosage depend on
several factors, including the type and duration of exercise, prior insulin therapy, carbohydrate
intake, and individual body weight and composition. The treatment regimen is individualized

and tailored to the patient's specific needs.

6.4 Special Considerations for Long-Term Diabetes.

People with a history of long-term diabetes complications should take special care.
Complications of the disease lead to impairment of the functioning of important organs of the
body. Moderate and intense exercise in certain clinical situations has a negative impact on the
patient's condition. It can lead to an increase in the incidence of myocardial ischemia and
orthostatic hypotonia. In proliferative diabetic retinopathy, the growth of abnormal blood
vessels in the retina increases the risk of retinal detachment and vitreous hemorrhage during
intense physical activity. In diabetic kidney disease, there may be an increase in albumin

excretion and proteinuria.

6.5 Foot Care and Injury Prevention.



Active people are advised to wear comfortable shoes, care for their feet, and be especially
careful of injuries, as peripheral neuropathy impairs pain sensation. The risk of microtrauma
and the development of diabetic foot then increases. The indicated dangers are a threat in people
with already made organ changes. In the early stages of diabetes, training slows its course and

reduces the risk of late complications.

7. Conclusion.
Physical activity plays a crucial role in the management of type 1 diabetes, offering a range of
benefits from improved glycemic control to a reduction in the risk of late-stage complications
such as retinopathy, cardiovascular diseases, and kidney damage. Both aerobic and anaerobic
exercises have proven positive effects on insulin sensitivity, blood pressure regulation, lipid

profiles, and overall physical fitness.

While aerobic exercises can reduce blood glucose levels and improve insulin sensitivity, they
also carry the risk of hypoglycemia, especially in individuals who are less physically active or
untrained. Anaerobic exercises, while sometimes leading to temporary hyperglycemia, can help
stabilize glucose levels over the long term and contribute to increased muscle mass and strength.
High-intensity interval training (HIIT) also shows promise in improving both metabolism and

mental health.

Safety during physical activity for individuals with type 1 diabetes requires careful monitoring
and individualized adjustments to insulin therapy. Continuous glucose monitoring (CGM)
systems and regular blood glucose checks before, during, and after exercise are essential for
preventing adverse outcomes. Special precautions must be taken for those with long-term

diabetes complications, particularly in relation to the eyes, kidneys, and cardiovascular system.

Overall, current evidence supports the inclusion of physical activity as a vital part of diabetes
management. With proper education, monitoring, and individualized treatment plans, exercise
can be safely incorporated into the lives of individuals with type 1 diabetes, improving their

health outcomes and quality of life.
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