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Abstract:

Introduction: Diabetes is a chronic disease that significantly impacts the growth, quality of
life, and future prospects of affected children. Type 1 diabetes, the most commonly diagnosed
form in children, is autoimmune in nature and characterized by inadequate insulin production,
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despite initially normal tissue insulin sensitivity. Traditionally, it is viewed as a condition
where autoreactive T lymphocytes attack pancreatic B-cells, leading to an increased risk of
complications from both high and low blood glucose levels. The disease develops in
individuals with a genetic predisposition influenced by environmental factors, and Poland has
seen a notable rise in cases, particularly among younger populations. Clinical guidelines stress
the importance of diet and physical exercise in managing diabetes. Exercise helps regulate
glucose by enhancing glucose utilization and improving insulin action. This review will
address the epidemiology, pathogenesis, clinical symptoms, and the preventive benefits of
exercise and diet in managing type 1 diabetes.

Purpose of the work: This study aims to review and characterize type 1 diabetes, focusing on
the influence of physical activity and dietary interventions.

Materials and methods:

A comprehensive analysis of research papers from PubMed, Google Scholar, Web of Science,
Embase, and Scopus was conducted using search terms that included the following keywords:
Pompe disease, lysosomal storage disease, myopathy, acid alpha-1,4-glucosidase, glycogen,
newborn screening, and enzyme replacement therapy.

Results: The analysis of existing literature indicates that managing Type 1 diabetes
effectively requires a multifaceted approach that includes diet and physical activity. A low-
carbohydrate diet has shown potential benefits in improving glycemic control, reducing body
weight, and lessening insulin requirements, despite a limited number of studies. This dietary
approach may also help mitigate the risk of complications associated with the disease.
Physical activity, when tailored to individual needs and carefully managed, plays a crucial
role in enhancing overall health and glycemic control in Type 1 diabetes patients. However, it
is essential to consider and address specific risks such as hypoglycemia and hyperglycemia
during exercise to ensure a safe and effective management strategy.

Keywords: type 1 diabetes, pancreatic B-cells, genetic predisposition, physical activity,
dietary interventions

Introduction

Diabetes is a chronic disease that profoundly impacts the development, quality of life,
and future of affected children. Type 1 diabetes, the most commonly diagnosed form in
children, has an autoimmune basis and is characterized by insufficient insulin secretion,
despite initially normal tissue insulin sensitivity. It is traditionally viewed as a disease in
which pancreatic B-cells are attacked by autoreactive T lymphocytes, putting individuals at
risk for complications related to hyperglycemia and hypoglycemia. It is widely accepted that
diabetes develops in genetically predisposed individuals influenced by environmental factors.
Poland is among the countries experiencing a significant increase in diabetes incidence,
particularly in younger age groups [1]. Type 1 diabetes accounts for 5-10% of all diabetes
cases and typically presents earlier than type 2 diabetes [2].



Diet and physical exercise are considered the foundation of diabetes management
according to all clinical guidelines. These lifestyle modifications are crucial for managing
diabetes. Physical exercise aids in glucose regulation by increasing glucose utilization and
improving insulin action. Muscle contraction and the resulting increase in blood flow to
skeletal muscles lead to glucose uptake through both insulin-dependent and insulin-
independent mechanisms. While exercise can lower blood glucose levels, other factors
affecting systemic glucose metabolism can influence these effects. To understand the impact
of exercise on glucose removal, it is essential to consider the individual components of this
process. The translocation of glucose transporter 4 (GLUT4) to the muscle surface is directly
stimulated by muscle contraction, which enhances glucose transport into the muscles.
Additionally, muscle contraction increases blood flow to the muscles, accelerating glucose
dispersion into the interstitial space. Insulin also facilitates the translocation of GLUT4 to the
muscle surface. During exercise, glycogen stores in the muscles and exogenous glucose are
utilized, creating a glucose/glucose-6-phosphate gradient that promotes further glucose entry
into the skeletal muscles. In this review, we will discuss the epidemiology, pathogenesis,
clinical symptoms, and the preventive value of exercise and diet in type 1 diabetes [3,4].

Epidemiology

Diabetes is one of the fastest growing global health emergencies of the 21st century. In
2021, 537 million people had diabetes, what is more by 2030, this number will be around 643
million, and in 2024 can even reach 783 million. In Europe in 2021, there were 61 million
diabetics, and by 2045, will be 69 million. As we can see, the increase is 13% and it’s the
lowest one, in North America it’s 24% and in Africa it will be 134% [5]. When it comes to
the epidemiology of diabetes type 1 in 2021 there were about 8.4 million individuals
worldwide, 18% of these cases were younger than 20 years old, 64% were aged 20-59 years
and 19% were >60 years old. Prediction says that in 2040 an increase in prevalent cases to
13.5-17.4 million. This data proves that T1D is a serious problem for medical services [6].

For the Polish population, latest data are from 2017, when there were 2.53 million
people with diabetes and including 157.188 with T1D and 1.55 million with T2D. In
comparsion to 2014 when there have been 2.1 million diabetics, 174.547 of them had T1D
and 1.1 million had T2D [7].

The increase in number of diabetes type 1 cases is uncanny. What we know is that
T1D is the result of a combination of genetic and environmental factors. Genetic factors in
this case are certain combinations of HLA genes, especially DR4-DQ8/DR3-DQ-2, known as
the highest-risk genotypes and family history of disease. When it comes to environmental
factors, there are some triggers which may indicate occurring of T1D in a predisposed person,
such as infection and many many antibiotic treatments during the first stages of life,
dyslipidemia and obesity. In general, everything that leads to altered microbiota should be
considered to be responsible for developing T1D [8,9].

Pathogenesis

Type 1 diabetes results from the apoptosis of pancreatic B-cells. The destruction of
these cells in individuals with risk factors usually begins early and often precedes the clinical
symptoms of diabetes. T-lymphocyte-mediated insulitis, followed by the presence of one or
more types of autoantibodies, indicates the immunological onset of T1D. Individuals with
T1D are also more susceptible to other autoimmune diseases, such as Hashimoto's thyroiditis,
celiac disease, Addison's disease, vitiligo, and myasthenia gravis. The factors that cause p-cell
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destruction are highly diverse and not fully understood. However, genetic and environmental
factors are considered to play the main roles. Although the exact triggers for the development
of T1D are not yet fully understood, it appears that the disorder is induced by environmental
factors in genetically predisposed individuals [10,11,12]. Type 1 diabetes is characterized by a
gradual loss of B-cell function over time. As the disease progresses, B-cell function falls below
the threshold required to maintain glucose control, necessitating insulin replacement therapy.
The development of diabetes can be divided into three stages, with the duration of each stage
potentially varying significantly between individuals [13]:

e Stage 1: asymptomatic B-cell autoimmunity, defined by the presence of >2 types of
autoantibodies, such as GAD65 (GADA), zinc transporter 8 (ZnT8A), insulin (IAA),
islet cell antibodies (ICA), and insulinoma-associated proteins (IA-2A and IA-2p),
with normoglycemia maintained and no clinical symptoms present.

e Stage 2: asymptomatic -cell autoimmunity, characterized by the presence of >2 types
of autoantibodies but with dysglycemia, indicating functional damage to B-cells, and
still no diabetes symptoms.

e Stage 3: symptomatic type 1 diabetes, recognized by symptoms of dysglycemia,
including polyuria or diabetic ketoacidosis (DKA).

Mechanisms of p-cell destruction and immunological markers

The destruction of B-cells is confirmed by the presence of autoantibodies in the blood,
which indicate an autoimmune basis for diabetes. Clinically significant autoantibodies include
those against islet cells (ICA), insulin (IAA), glutamic acid decarboxylase (GADA), tyrosine
phosphatase (IA2A), and the zinc transporter protein 8 (ZnT8A). Literature indicates that the
presence of multiple autoantibodies (> 3) is associated with a high risk of developing diabetes,
whereas the presence of a single autoantibody related to islet cells generally has low
predictive value. Autoantibodies against islet cells (ICA) are detectable in patients with
diagnosed type 1 diabetes and in first-degree relatives of these patients, often months or years
before clinical symptoms appear [14,15].

The immune system plays a crucial role in B-cell function and survival, as well as in
generating signals that impact the immune system. For example, exposure of B-cells to
cytokines in the islet environment at various stages of insulitis—such as type I interferons
(mainly IFNa) during the early stages of inflammation, followed by IFNy, IL-1B, tumor
necrosis factor (TNF), and potentially IL-17 at later stages—Ileads to stress, changes in
alternative splicing, and increased expression of HLA class 1. These effects, combined with
increased chemokine production by B-cells and enhanced cell death, may result in intensified
presentation of B-cell neoantigens to immune cells, potentially exacerbating or amplifying the
immune attack. B-cell destruction is primarily associated with elements of cell-mediated
immunity, such as macrophages, various subpopulations of T lymphocytes, and inflammatory
response mediators (cytokines, free radicals). It has been shown that Thl lymphocytes
accelerate autoimmune diseases, including type 1 diabetes, while Th2 lymphocytes inhibit
these processes, thus playing a protective role [16,17].

The presence of islet-specific autoreactive CD4+ and CD8+ T lymphocytes in
peripheral blood, pancreatic draining lymph nodes, and insulitis lesions provides evidence that
type 1 diabetes (T1D) is an autoimmune disease. In this condition, disturbances in thymic
education are responsible for the immune system's attack on its own insulin-producing cell



proteins. Regulatory T cells (Tregs), which are crucial for suppressing these autoreactive T
lymphocytes in healthy individuals, show a similar frequency in both control individuals and
patients with TIDM, but with reduced suppressive capacity in TIDM patients. Interestingly,
autoreactive T lymphocytes exhibit atypical characteristics compared to T lymphocytes that
protect against cancers and infections, such as relatively low epitope binding affinity for HLA
and low T cell receptor (TCR) avidity for HLA-epitope complexes [18].

Genetic Predisposition

In the 1980s, Eisenbarth proposed the current model for the development of the
immunological form of type 1 diabetes. While our understanding has significantly advanced
since then, the fundamental aspects of this model remain relevant. This model posits that
every individual has some degree of susceptibility to developing type 1 diabetes, with
susceptibility varying from high in some individuals to very low in others. This susceptibility
is largely hereditary, primarily associated with HLA DR and DQ genotypes, and to a lesser
extent with many other genetic loci known as IDDM (insulin-dependent diabetes mellitus)
susceptibility genes [2].

Genetic studies have revealed that the hereditary predisposition to type 1 diabetes is
polygenic. The risk of developing T1DM is largely determined by HLA class II genes, with
HLA alleles likely accounting for about 40-50% of the genetic risk. The HLA class II gene
region has a complex structure, comprising three loci: DR, DQ, and DP, each containing a
variable number of a and  chain genes. Among these, HLA-DRB is the most polymorphic
locus and consists of the HLA-DRBI1 gene. It can also include additional genes such as DRB3,
HLA-DRB4, HLA-DRBS5 and pseudogenes HLA-DRB2, HLA-DRB6, HLA-DRB7, HLA-
DRBS8 and HLA-DRB9Y, depending on the haplotypes of 13 genes. In clinical practice, the
most significant genes are DRBI1, with over 400 allelic variants, DQA1, with 25 allelic
variants and DQBI1, with 57 allelic variants. Significant population differences exist in the
frequency and spectrum of HLA haplotypes, both among populations globally and within
different regions of Europe [11,19,20].

Historically, genetic risk was assessed based on family history, HLA typing, and
genotyping of other loci associated with type 1 diabetes. Recently, summarizing genetic risk
using genetic risk scores (GRS) and polygenic risk scores (PRS) has proven to be an effective
method for measuring inherited risk. It is important that all predictors included in these
models have high prognostic value. However, due to limited knowledge about the
contribution of some rare genetic variants of T1D risk, predictive models currently consider
only gene variants strongly associated with mechanisms of islet autoimmunity and related
dysregulation of antigen-presenting cells, T cell signaling activation, and regulation of T1
interferon levels and cytokine signaling. These models are continually refined with new
genetic and epigenetic data [20,21].

The genetic relationship between type 1 diabetes (T1D) and type 2 diabetes (T2D) is
particularly interesting, as loci associated with these diseases were previously considered
almost entirely distinct, despite some phenotypic overlap. However, recent research has
identified several shared risk genes or genetic polymorphisms. Some of these shared risk
genes interact with each other, regulating important pancreatic islet functions that are
disrupted by disease-associated variants, leading to B-cell dysfunction [10]. Although the
genetic predisposition to type 1 diabetes (T1D) is not fully defined, it is evident: the
concordance rate among identical twins is 60%—70% with long-term follow-up, and first-



degree relatives have a 5%—6% risk of developing T1D over their lifetime. Despite this clear
genetic risk, most individuals with T1D do not have a family history of the disease [22].

Environmental Risk Factors

Environmental factors can modify the response to self-antigens. While these factors
are likely not necessary to initiate the autoaggression process, they can, through various
mechanisms, render B-cells more susceptible to apoptosis and necrosis. Prospective birth
cohort studies have facilitated the identification of potential triggers of islet autoimmunity (IA)
and the natural history of progression to T1D [13]. It is widely accepted that factors
potentially initiating B-cell-directed autoimmunity include viral infections (e.g., Coxsackie,
rubella, enteroviruses, rotaviruses, cytomegalovirus), gut microbiota composition, diet,
metabolic stress, inflammation, pollutants, and toxins. The combination of these
environmental factors with genetic predisposition and specific epigenetic modifications
initiates the autoimmune destruction of pancreatic B-cells [11,13,22].

Beta cells are susceptible to viral infections due to their production of specific
receptors and adhesion molecules. The Coxsackievirus and adenovirus receptor (CAR), which
is unique to beta cells and located in insulin-containing granules, can increase the
vulnerability of these cells to viral infections during insulin secretion. Studies correlating
enteroviral infections with islet autoimmunity illustrate this mechanism. Similarly, changes in
gut microbiota that lead to dysbiosis and an increased Bacteroidetes-to-Firmicutes ratio have
been linked to seroconversion and the onset of T1D. The microbiota plays a role in shaping
peripheral immune tolerance by modulating the migration and differentiation of immune cells,
helping to maintain intestinal homeostasis. Additionally, local inflammation is mitigated by
short-chain fatty acids (SCFAs) produced by gut bacteria during the fermentation of non-
digestible carbohydrates [18].

Moreover, a breastfeeding duration of less than 12 months and a positive family
history of type 1 or type 2 diabetes are associated with a higher risk of developing T1D. The
frequency of stressful life events during pregnancy was also higher among mothers of
children with diabetes. However, no association was found between maternal smoking or
alcohol consumption during pregnancy and type 1 diabetes [12].

Clinical Manifestations

Diabetes type 1 have many clinical manifestations, lots of the symptoms are non-
specific, that’s why many patients don’t seek medical care immediately when first signs
appear. The typical symptoms include: polyuria, polydipsia, nocturnal enuresis, blurred vision,
unintentional weight loss, fatigue, weakness and slow-healing wounds. In near 90% of case
diabetes type 1 is diagnosed in children, when they are admitted to the hospital with DKA’s
symptoms (belly pain, vomiting, fruity breath, nausea, loss of appetite, headache, confusion)
as a first presentation of their disease. In adult-onset DKA hardly ever is a first symptom,
more often it is as result of improper treatment of diabetes [23]. What is as important to
remember as symptoms of diabetes is long-term related complications. They are divided into
microvascular and macrovascular.

Microvascular:

e Retinopathy, which appears to represent the most frequen cause of blindness among
adults.



e Nephropathy has been reported to occur in 20-40% of patients with diabetes and is the
leading cause of end-stage renal disease. Microalbuminuria is the first manifestation of
this complication.

e Neuropathy is usually presented as chronic sensorimotor diabetic peripheral
neuropathy and autonomic neuropathy.

Unfortunately, when it comes to macrovascular complications there have been less
studied and less is known about specific determinants of disease particular to T1D. What is
known is that type 1 diabetes increase risk of cardiovascular disease and cerebrovascular
accidents [24].

What is more, we should remember about hypoglycemia as a result of skipping or
delaying meals, taking too much insulin. Intense exercise and failing to adjust your food or
insulin intake can also be triggers for it. If episodes appear regular, they can influence the
brain and lead to neuroglycopenia [25].

The impact of diet on type 1 diabetes

The recommended model for treating type 1 diabetes is intensive insulin therapy using
pens or continuous subcutaneous insulin infusion [26]. As demonstrated by the results of the
Diabetes Control and Complications Trial, this model, despite its many advantages, has two
main adverse treatment effects—more frequent episodes of hypoglycemia in patients treated
with this method and greater weight gain compared to those using conventional insulin
therapy [27]. Surprisingly, an increasing number of individuals with type 1 diabetes are
struggling with overweight or obesity, despite the fact that the clinical symptoms of type 1
diabetes have traditionally been associated with weight loss [28]. As evidenced by the results
of the Diabetes Control and Complications Trial, the average BMI (body mass index) of
individuals with type 1 diabetes at the beginning of observation was 23 kg/m?, and after nine
years, it increased to 26 kg/m? [29]. Furthermore, the results of some studies indicate the
occurrence of "double diabetes" in patients with type 1 diabetes, characterized by insulin
resistance and features of autoimmune diabetes [30]. The coexistence of insulin resistance and
type 1 diabetes negatively impacts metabolic control and the development of chronic
complications.

Typical dietary patterns used in the management of prediabetes and type 2 diabetes are
not directly applicable to type 1 diabetes. There is no literature confirming the specific effects
of the Mediterranean, vegetarian or vegan, low-fat, DASH, or Paleo diets in the management
of type 1 diabetes. Moreover, there is only limited evidence regarding the impact of fasting on
type 1 diabetes [31]. Nonetheless, an appropriate diet is crucial for improving overall health
as well as in the prevention and treatment of chronic diabetes complications [32]. As with
healthy individuals, dietary recommendations for people with type 1 diabetes should consider
age, gender, level of physical activity, economic status, and food preferences [33].

The most important dietary component, from the perspective of the patient and
adjusting the appropriate insulin dose, is carbohydrates, which have the most significant
impact on postprandial glycemia [34]. The primary source of carbohydrates in the diet should
be whole-grain products characterized by a low glycemic index (GI < 55). Products with a
high glycemic index (GI > 70) require higher insulin doses and are more likely to cause
weight gain due to the anabolic effect of insulin [35].



Fats should constitute 30-35% of the total energy value in the diet of individuals with
type 1 diabetes. It is important to ensure that the sources of these fats are appropriate.
Saturated fats should constitute less than 10% of the total energy value of the diet, while the
main sources of fats should be products rich in monounsaturated and polyunsaturated fats,
which should account for 10-15% and 6-10% of the total energy value, respectively [36].
Additionally, dietary cholesterol should not exceed 300 mg/dl, and in individuals with
elevated LDL cholesterol levels, it should not exceed 200 mg/dl. Trans fatty acids should be
minimized as much as possible, as they have a negative impact on the cardiovascular system,
contribute to insulin resistance, and accelerate the atherosclerotic process [37].

The "gold standard" in dietary management of diabetes for patients who also require
weight reduction remains a low-carbohydrate diet. Krebs et al. evaluated the impact of a low-
carbohydrate diet on weight loss, metabolic control, and daily insulin dose in adults with type
1 diabetes. The authors observed that in patients on a low-carbohydrate diet, HbAlc levels
decreased (from 7.9 to 7.2 mmol/l), indicating improved metabolic control (no changes were
observed in the control group). Furthermore, the daily insulin dose was reduced, and the BMI
decreased from 27 kg/m? to 25 kg/m? in the study group [38].

Several studies have examined the impact of a very low-carbohydrate diet on adults
with type 1 diabetes. In one randomized crossover trial involving 10 participants, a very low-
carbohydrate diet, consisting of 47 grams of carbohydrates per day, without calorie restriction,
was compared with a higher carbohydrate diet, consisting of 225 grams per day, over a one-
week period. The results showed that individuals on the very low-carbohydrate diet
experienced less glycemic variability, spent more time in euglycemia, less time in
hypoglycemia, and required lower insulin doses [39]. In another study, a single-arm trial
involving 48 participants, the goal of consuming 75 grams or less of carbohydrates per day
resulted in weight loss, reduced A1C levels, and triglycerides, as well as increased HDL-C
levels after three months. Even after four years, AI1C levels remained lower, and HDL-C
levels remained higher compared to baseline values [40]. These findings suggest that a very
low-carbohydrate diet may offer potential benefits for adults with type 1 diabetes.

Physical Activity

Physical activity plays a crucial role in human life. For many years, it was believed
that individuals with diabetes should avoid excessive physical exertion. Currently, however,
the medical community recognizes physical activity as an integral and essential component of
diabetes treatment [41]. The primary energy source for working muscles is glucose, derived
both from dietary intake and from processes such as glycogenolysis and gluconeogenesis [42].
Maintaining energy balance during training largely depends on hormones like insulin,
catecholamines, glucagon, glucocorticosteroids, and growth hormone. The preferred form of
physical activity for individuals with diabetes is aerobic exercise (endurance training), during
which glucose is oxidized in the presence of oxygen [43].

In individuals with type 1 diabetes, during physical activity, the concentration of
exogenous insulin in the blood is not physiologically regulated, which increases the risk of
hypoglycemia—the most significant hazard for those engaging in sports [44]. The occurrence
of hypoglycemia depends on the type of insulin, its dosage, glycemic levels, the amount of
carbohydrates consumed before exercise, as well as the type and duration of the training.
Conversely, very intense exercises, especially anaerobic ones, can lead to increased glycemic
levels due to the surge of adrenaline, noradrenaline, cortisol, glucagon, and growth hormone,
as well as stress associated with competition [45]. Hyperglycemia can also result from errors
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stemming from the fear of hypoglycemia, such as consuming an excessive amount of
carbohydrates relative to the administered insulin. Therefore, self-monitoring of glycemia,
involving regular blood glucose checks using a glucometer before, during, and after training,
is a crucial component of therapy in athletes with diabetes [46].

Due to the risk of diabetic ketoacidosis, individuals with type 1 diabetes should avoid
physical activity when blood glucose levels exceed 250 mg/dl (13.9 mmol/l) and ketone
bodies are present in the urine. Exercise is also not recommended when, despite the absence
of acetone in the urine, glycemia exceeds 300 mg/dl (16.7 mmol/l) [47].

Limitations to increased physical activity also arise from advanced diabetic
complications. Physical exertion in individuals with proliferative retinopathy carries the risk
of vitreous hemorrhage and retinal detachment. Training in patients with diabetic nephropathy
can increase urinary albumin excretion and accelerate the progression of this complication
[48]. Autonomic neuropathy is associated with orthostatic hypotension, resting tachycardia,
and thermoregulatory disorders; thus, exercise in extreme temperatures is not recommended
for individuals with this condition. In the case of diabetic foot syndrome, there is an increased
risk of injuries, including bone fractures due to coexisting osteoporosis. Moreover, in
individuals with vascular complications of diabetes, physical exertion can lead to silent
myocardial ischemia [49].

The type of physical activity recommended for individuals with type 1 diabetes should
be tailored based on age, disease duration, previous physical fitness, and the presence and
severity of chronic complications. Patients engaging in physical activity should receive
comprehensive training in intensive functional insulin therapy. For individuals leading a
sedentary lifestyle, especially in the presence of other risk factors for ischemic heart disease,
it is advised to perform an ECG stress test before making lifestyle changes and initiating
training.

Conclusions

Type 1 diabetes is characterized by the early apoptosis of pancreatic B-cells, which can
occur even before clinical symptoms manifest. The pathogenesis of the disease involves p-cell
autoimmunity, as evidenced by the presence of autoantibodies and insulitis. This autoimmune
destruction of B-cells results from a complex interplay of genetic and environmental factors,
although the precise triggers are not yet fully understood. The disease progresses through
three stages: asymptomatic autoimmunity, asymptomatic autoimmunity with dysglycemia,
and symptomatic diabetes with clinical manifestations.

The mechanisms underlying B-cell destruction include the presence of autoantibodies
targeting islet cells and insulin, which indicate an increased risk of developing diabetes. The
immune response, involving cytokines and autoreactive T lymphocytes, exacerbates B-cell
destruction. Additionally, disruptions in thymic education contribute to the autoimmune
attack on insulin-producing cells. Genetic predisposition plays a significant role, with HLA
DR and DQ genotypes being strongly associated with Type 1 diabetes. Recent advances in
genetic risk assessment, such as genetic risk scores (GRS) and polygenic risk scores (PRS),
have enhanced the understanding of inherited risk factors. Environmental factors also play a
crucial role in the development of Type 1 diabetes. Viral infections, changes in gut microbiota,
and dietary factors are known to influence B-cell susceptibility and the development of
autoimmunity.



Based on the literature analysis, it can be concluded that an appropriate diet,
particularly a low-carbohydrate diet, plays a crucial role in managing type 1 diabetes by
improving glycemic control, reducing body weight, and decreasing the need for insulin.
Despite the limited number of studies, the results suggest potential benefits of carbohydrate
restriction in the diet of patients with type 1 diabetes, which may help reduce the risk of
disease-related complications.

It is evident that physical activity, when carefully managed and tailored to individual
needs, plays a vital role in the comprehensive management of type 1 diabetes, contributing to
improved glycemic control and overall health. However, specific considerations and
precautions must be taken to mitigate the risks associated with hypoglycemia, hyperglycemia,
and other diabetes-related complications during exercise.
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