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Abstract 

Regular physical activity plays a key role in managing type 1 (T1D) and type 2 diabetes (T2D), 

improving insulin sensitivity, glycemic control, and metabolic health. Exercise helps maintain 

a healthy body weight, reduces the risk of cardiovascular diseases, and enhances mental well -

being. For individuals with T2D, physical activity decreases insulin resistance, while for those 

with T1D, it increases the risk of hypoglycemia, requiring adjustments in insulin doses and 

carbohydrate intake. Continuous glucose monitoring (CGM) systems facilitate the detection of 

hypoglycemia, especially at night. A combination of aerobic and resistance training is 

recommended for optimal glycemic control and HbA1c reduction. In individuals at risk of T2D, 

such as those with prediabetes, regular exercise can delay or prevent disease onset. Tailored 

exercise programs and education on glucose management are essential for safe and effective 

implementation. Future research should focus on individualized exercise plans and long-term 

effects of physical activity on diabetes progression and complications. In conclusion, 

integrating regular physical activity into diabetes management significantly improves health 

outcomes and quality of life for patients with T1D and T2D, though challenges like 

hypoglycemia must be carefully managed. 

 

Keywords: Physical activity; Type 2 diabetes;  HbA1c levels; Hypoglycemia; Aerobic exercise, 

Resistance training 

 

Introduction, pathophysiology, epidemiology 

Diabetes mellitus (DM) is a chronic metabolic disorder characterized by elevated blood glucose 

levels resulting from defects in insulin secretion, insulin action, or both. It affects millions of 

individuals worldwide and is a leading cause of morbidity and mortality due to its association 

with severe complications, including cardiovascular disease, kidney failure, retinopathy and 

neuropathy (Piepoli et al., 2016). According to the International Diabetes Federation (IDF), as 

of 2021, approximately 537 million adults aged 20–79 years were living with diabetes and this 

number is projected to rise to 643 million by 2030 (Sun et al., 2022). By 2045, it is estimated 

that 783 million people will have diabetes globally, highlighting the escalating nature of this 

epidemic (Saeedi et al. 2019; Sun et al., 2022). This global crisis is driven by factors such as 

aging populations, urbanization, sedentary lifestyles, and the increasing prevalence of obesity 

(Zimmet et al., 2016; Sun et al. 2022). The two primary forms of diabetes are Type 1 diabetes 

(T1D) and Type 2 diabetes (T2D), each with distinct pathophysiological mechanisms, risk 

factors and treatment approaches (Tuomi 2005; Sun et al,. 2022). Type 1 diabetes (T1D) is an 

autoimmune condition that typically manifests in childhood or adolescence. It results from the 

immune-mediated destruction of insulin-producing beta cells in the pancreas, leading to an 

absolute deficiency of insulin (Atkinson et al., 2014). This form of diabetes accounts for 

approximately 5–10% of all diabetes cases and requires lifelong insulin therapy for glucose 

regulation (Atkinson et al., 2014). The exact cause of T1D remains unclear, but it is believed to 
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involve a combination of genetic predisposition and environmental triggers, such as viral 

infections.  

 

Without exogenous insulin, individuals with T1D cannot regulate their blood glucose levels, 

leading to acute complications like diabetic ketoacidosis (DKA) and long-term complications 

such as microvascular and macrovascular diseases (Atkinson et al., 2014; Papatheodorou et al., 

2017; Sun et al., 2022). In contrast, Type 2 diabetes (T2D) is characterized by insulin resistance, 

where the body’s cells do not respond effectively to insulin and a progressive decline in insulin 

secretion by the pancreas (Tuomi, 2005). T2D accounts for approximately 90–95% of all 

diabetes cases and is strongly associated with modifiable risk factors, including obesity, 

physical inactivity and poor dietary habits (Kahn et al., 2014; Piepoli et al., 2016) while T2D 

traditionally occurs in adults. Rising prevalence of childhood obesity has led to an increasing 

incidence of T2D among younger populations (Sun et al., 2022). Unlike T1D, T2D can often 

be managed initially through lifestyle modifications, such as increased physical activity and 

dietary changes, although many patients eventually require oral hypoglycemic agents or insulin 

therapy as the disease progresses (Tuomi 2005; Fagour et al., 2013).The pathophysiology of 

T2D involves a complex interplay of genetic, metabolic, and environmental factors (Kharroubi, 

Darwish 2015). Insulin resistance, often exacerbated by obesity leads to compensatory 

hyperinsulinemia, which over time results in beta-cell dysfunction and failure. This progressive 

decline in beta-cell function distinguishes T2D from T1D, where beta-cell destruction occurs 

rapidly and is irreversible (Tuomi, 2005). Both forms of diabetes, however, share common long-

term complications, including cardiovascular disease, nephropathy, retinopathy and neuropathy, 

which significantly impacts patients' quality of life and increase healthcare costs (Pedersen, 

Saltin., 2015; Gregg et al., 2016; Sun et al., 2022). 

Physical activity plays a crucial role in the management of both T1D and T2D. For individuals 

with T2D, exercise improves insulin sensitivity, aids in weight management, and enhances 

overall metabolic health (Colberg et al., 2016). It also reduces the risk of cardiovascular diseases 

by lowering blood pressure and improving lipid profiles (Fagour et al., 2013; Pedersen, Saltin, 

2015; Hamasaki, 2016). In T1D, physical activity can improve glycemic control, reduce insulin 

requirements and enhance cardiovascular fitness (Yardley et al., 2016). However, exercise in 

T1D requires careful management to avoid hypoglycemia witch is a common risk due to 

increased insulin sensitivity during and after physical activity (Iscoe et al., 2008; Yurkewicz et 

al., 2016). 

Despite the differences in the underlying mechanisms of T1D and T2D, regular physical 

activity is universally beneficial for individuals with diabetes (Shugart et al., 2010; Colberg et 

al., 2010). However, engaging in exercise while managing diabetes presents unique challenges 

and risks that necessitate careful planning and monitoring (Piepoli et al., 2016). For individuals 

with T1D, the risk of hypoglycemia during and after exercise is a significant concern (Riddell 

et al., 2017). Hypoglycemia can impair physical performance, cognitive function and overall 

well-being, making it essential for athletes and active individuals to closely monitor their blood 

glucose levels and adjust insulin doses and carbohydrate intake accordingly (Yurkewicz et al., 
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2016; Riddell et al., 2017). Continuous glucose monitoring systems (CGMS) have emerged as 

valuable tools for real-time glucose tracking, helping to mitigate the risk of hypoglycemia and 

optimize exercise performance (Iscoe et al., 2008; Kulzer et al., 2024). 

 

For individuals with T2D, while the risk of hypoglycemia is generally lower, other factors such 

as cardiovascular risk, joint health, and overall fitness must be considered (Hordern et al., 2011). 

Physical activity can help manage blood glucose levels and reduce the need for medication, but 

it also requires a balanced approach to avoid overexertion and injury (Nadella et al., 2017). 

Moreover, the presence of comorbidities, such as hypertension or neuropathy, may necessitate 

tailored exercise programs to ensure safety and effectiveness (Hordern et al., 2011; Colberg et 

al., 2016; Beck et al., 2017). 

Physical activity is not only a cornerstone of diabetes management but also a powerful tool in 

preventing the onset of type 2 diabetes (T2D) (Aune et al., 2015; Colber et al 2016). Regular 

exercise has been shown to improve insulin sensitivity, reduce body fat and lower blood glucose 

levels, all of which are critical in reducing the risk of developing T2D, particularly in 

individuals with prediabetes or other risk factors such as obesity or a sedentary lifestyle 

(Hawley et al.,2014; Smith et al., 2016). Studies, including large-scale interventions like 

the Diabetes Prevention Program (DPP), have demonstrated that lifestyle modifications, 

including at least 150 minutes of moderate-intensity physical activity per week, can reduce the 

risk of developing T2D by up to 58% in high-risk individuals (Knowler et al., 2002; Aune et al., 

2015). This preventive effect is attributed to the ability of exercise to enhance glucose uptake 

by muscles, improve pancreatic beta-cell function, and reduce systemic inflammation, all of 

which contribute to better metabolic health (Pedersen, Saltin., 2015; Hamasaki., 2016; Sparks 

et al., 2018). 

 

Aim of study 

The aim of this review is to comprehensively examine the role of physical activity in the 

management of diabetes, with a focus on its impact on glycemic control, insulin sensitivity, and 

the prevention of complications in both Type 1 Diabetes (T1D) and Type 2 Diabetes (T2D). 

This review also aims to explore the challenges and risks associated with exercise in diabetes 

management, such as hypoglycemia and to provide evidence-based recommendations for 

optimizing physical activity interventions. Additionally, the study seeks to highlight the 

preventive potential of regular exercise in delaying or preventing the onset of T2D, particularly 

in high-risk populations and to discuss the long-term benefits of physical activity in reducing 

diabetes-related complications. By synthesizing current evidence, this review aims to offer 

practical guidance for healthcare providers and patients on integrating safe and effective 

exercise programs into diabetes care to improve health outcomes and quality of life. 

 

Physical Activities in Diabetes Type 2 

The role of physical activity in type 2 diabetes is significant for diabetes control (Umpierre et 

al., 2011). It helps patients achieve substantial benefits in improving metabolic control of 
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diabetes, reducing body weight and also cardiovascular risk (Fargour et al., 2012; Piepoli et al., 

2016; Sigal et al., 2018). The study titled Experimental study on physical exercise in diabetes: 

pathophysiology and therapeutic effects demonstrated that exercising twice a week positively 

impacts HbA1c levels, body weight and glycemic control (Messina et al., 2023).  

 

The results of this study showed that patients with type 2 diabetes who engaged in regular 

exercise alongside conventional treatment achieved better therapeutic outcomes compared to 

those who relied solely on conventional treatment. In the physically active group, significant 

reductions in HbA1c levels, body weight, blood glucose levels and improvements in lipid 

profiles were observed over a six-month period (Mesina et al., 2023). Another study, The 

relationship between mortality and daily number of steps in type 2 diabetes, provided further 

evidence of the benefits of regular physical activity . Participants were divided into three groups 

based on the number of steps taken daily. Out of 3,072 individuals participating in the study, 

1,017 had been diagnosed with type 2 diabetes (Charles et al., 2022). Among patients with 

diabetes overall mortality was 30% higher compared to individuals without diabetes. However, 

patients who demonstrated higher levels of physical activity, particularly those who took more 

than 7,500 steps per day, had mortality rates similar to those observed in the control group 

(Charles et al., 2022). Patients with diabetes who fell into the moderate 5,000–7,500 steps per 

day or higher (≥7,500 steps per day) had a 44% and 80% lower risk of all-cause mortality 

compared to less active individuals. Both studies clearly demonstrate the importance of regular 

physical activity in the treatment of patients with type 2 diabetes (Charles et al., 2022, Messina 

et al., 2023).  

In a 2020 study titled Significant Dose-Response between Exercise Adherence and Hemoglobin 

A1c Change, the relationship between exercise consistency and the reduction in glycated 

hemoglobin (HbA1c) levels were analyzed and it was found that patients who engaged in a 

greater amount of exercise achieved a more significant reduction in HbA1c levels (Bengham et 

al., 2020). This dose-response relationship was particularly evident in aerobic training and 

combined training (aerobic and resistance trainings), which aligns with clinical 

recommendations for these forms of exercise in patients with diabetes. However, no such 

relationship was observed for resistance training alone (Bengham et al., 2020). These findings 

suggest that both aerobic training and a combination of aerobic and resistance training are 

particularly effective in improving metabolic control in patients with type 2 diabetes (Bengham 

et al., 2020). 

Each of the mentioned studies indicates that regular physical activity has a beneficial effect on 

metabolic control in patients with type 2 diabetes, as measured by HbA1c levels (Bengham et 

al., 2020; Charles et al., 2022;  Messina et al., 2023). This improvement translates to better 

diabetes management, reduced cardiovascular, macro- and microvascular risks complications, 

such as kidney disease, retinopathy, and neuropathy (Papatheodorou et al.,  2018). Physical 

exercise leads to an improvement in the overall condition and fitness of patients, which is 

crucial in the context of a chronic disease such as diabetes (Pedersen, Saltin, 2015). For patients 
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with type 2 diabetes, exercising for 150 minutes per week helps achieve better HbA1c results 

compared to a lesser amount of exercise (Umpiere et al., 2011). 

 

The Issue of Hypoglycemia in Athletes with Type 1 Diabetes 

The issue of blood glucose fluctuations during exercise in individuals with diabetes, particularly 

children and adolescents, has been extensively studied. Nocturnal hypoglycemia is a problem 

associated with increased insulin sensitivity following physical activity (Nadella et al.,2017).  

This phenomenon can lead to a reluctance among children and adolescents with diabetes to 

engage in regular physical activity due to the fear of hypoglycemia. To address this, the authors 

emphasize the importance of educating patients on how to regulate their blood glucose levels 

during exercise, enabling them to safely reap the benefits of regular physical activity (Yardley 

et al., 2014; Nadella et al., 2017). For individuals with type 1 diabetes, strategies such as 

reducing basal insulin doses and consuming meals with slowly absorbing carbohydrates before 

bedtime are recommended to mitigate the risk of nocturnal hypoglycemia. While the risk of 

hypoglycemia during exercise is lower in type 2 diabetes it remains a consideration. Despite 

these risks, at least 60 minutes of moderate to vigorous physical activity daily is recommended 

for patients with diabetes (Nadella et al., 2017), this  recommendation is supported by the 

American Diabetes Association (Colberg et al., 2010). 

In a 2014 systematic review and meta-analysis of exercise interventions in adults with type 1 

diabetes, the importance of individualized adjustments to insulin and carbohydrate intake was 

emphasized to prevent hypoglycemia during and after physical activity. They also highlighted 

the utility of continuous glucose monitoring (CGM) as a valuable tool for real -time glucose 

management during exercise (Yardley et al., 2014). Similar conclusions were presented in the 

findings of other studies that analyzed the occurrence of nocturnal hypoglycemia in individuals 

with type 1 diabetes at a sports camp (Iscoe, et.al 2008). 

Their study, which utilized Continuous Glucose Monitoring Systems (CGMS), revealed that 

60% of hypoglycemic episodes occurred at night, emphasizing the heightened risk of nocturnal 

hypoglycemia in physically active individuals with T1D. The study underscores the 

vulnerability of these athletes to low blood sugar levels, particularly during periods of rest 

following physical activity (Iscoe et al., 2008). The mechanism responsible for drops in blood 

sugar levels after physical activity is increased insulin sensitivity (Kulzer et al., 

2024).Traditional methods like fingerstick tests often fail to capture nocturnal hypoglycemia, 

leaving individuals unaware of potentially dangerous drops in blood sugar (Iscoe et al., 2008; 

Brar et al., 2024). CGMS, with its ability to provide real-time, continuous glucose readings, 

offers a critical tool for athletes with T1D to better manage their condition. By alerting users to 

low glucose levels, particularly at night, CGMS can help prevent severe hypoglycemia and its 

associated risks (Brar et al., 2024). Regular monitoring and adjustments based on exercise 

intensity and duration are essential to optimize performance and safety (Brar et al., 2024; 

Yardley et al., 2014). 

In conclusion, the management of blood glucose levels during and after exercise is a critical 

concern for individuals with diabetes, particularly those with type 1 diabetes. The 
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aforementioned publications all emphasize the importance of tailored strategies, including 

insulin adjustments, carbohydrate management and the use of advanced monitoring 

technologies like CGMS (Iscoe et al., 2008; Yardley et al., 2014; Nadella et al., 2017; Brar et 

al., 2024). These measures are essential for reducing the risk of hypoglycemia, particularly 

nocturnal episodes and enabling individuals with diabetes to safely engage in physical activity. 

By leveraging continuous glucose monitoring technology and implementing targeted 

interventions, athletes and active individuals with T1D can enhance their performance, maintain 

better overall health and reduce the risks associated with blood glucose fluctuations during 

exercise (Colberg et al., 2010; Kulzer et al., 2024).  

The intensity of exercise and improvement in metabolic control outcomes in type 2 

diabetes. 

In the study by Balducci et al. (2012), titled "Effect of an Intensive Exercise Intervention 

Strategy on Modifiable Cardiovascular Risk Factors in Subjects with Type 2 Diabetes Mellitus: 

A Randomized Controlled Trial" published in the Archives of Internal Medicine, the researchers 

investigated the impact of exercise intensity on metabolic control in individuals with type 2 

diabetes mellitus (T2DM). The exercise group engaged in supervised, high-intensity workouts 

combined with counseling, while the control group received only counseling and achieved the 

recommended physical activity levels without supervision. The results revealed that the high-

intensity exercise group experienced significantly greater improvements in HbA1c levels, 

systolic and diastolic blood pressure, waist circumference and body mass index compared to 

the control group. This suggests that individuals with T2DM may benefit from exercising at 

intensities higher than the general recommendations to achieve optimal metabolic and 

cardiovascular outcomes (Balducci et al., 2012). These findings are supported by other studies 

that emphasize the importance of exercise intensity in diabetes management. For example, a 

2010 publication demonstrated that a combination of aerobic and resistance training led to 

greater reductions in HbA1c levels compared to standard care, highlighting the role of 

structured and intensive physical activity in improving glycemic control (Church et al., 2010). 

Similarly, a 2012 study recommends personalized exercise guidelines for individuals with type 

2 diabetes, advocating for a combination of moderate-to-vigorous aerobic activity and 

resistance training to optimize health outcomes (Hordern et al., 2011). Recent research further 

underscores the benefits of higher-intensity exercise. A 2020 study also found that there is a 

significant dose-response relationship between exercise adherence and improvements in HbA1c, 

suggesting that greater exercise intensity and consistency lead to better metabolic control 

(Benham et al., 2020). Additionally, An important point is that higher-intensity exercise not 

only improves glycemic control but also reduces the risk of diabetes-related complications, such 

as cardiovascular disease and neuropathy (Messina et al., 2023). 

 

Aerobic or Resistance Training in Diabetes 

In the 2018 study titled "Effect of Aerobic and Resistance Exercise on Glycemic Control in 

Adults With Type 1 Diabetes," the impact of resistance and aerobic exercise on glycemic control 

in adult patients with type 1 diabetes was compared. Patients who participated in aerobic 



 

9 

 

 

training experienced a greater decrease in blood glucose levels, however, they spent less time 

within the target glucose range (60%) . In contrast, patients who engaged in strength training 

showed a smaller reduction in blood glucose levels compared to those who performed aerobic 

exercise but remained within the target blood glucose range for a longer duration (70%) 

compared to the control group (56%) and the aerobic exercise group (60%) . The findings of 

this study suggest that strength training may help patients with type 1 diabetes maintain more 

stable blood glucose levels (Reddy et al., 2019).  Patients with type 1 diabetes may have a 

chance to improve their glycemic control by regularly performing resistance exercises, which 

promote better blood sugar management (Reddy et al,. 2019, Trojian et al., 2022).  

 

In the 2010 study titled "Effects of Aerobic and Resistance Training on Hemoglobin A1c Levels 

in Patients With Type 2 Diabetes" it was shown that among patients with type 2 diabetes, the 

best results come from a combination of aerobic and resistance training (Church et al., 2010). 

In the group engaging in both types of exercise the greatest decrease in HbA1c levels over six 

months was observed with the average HbA1c level dropping to 7.3% compared to the control 

group (7.7%) (Church et al., 2010). This effect was not seen in those performing aerobic 

exercise alone, although the largest decrease in HbA1c occurred in the first month of regular 

exercise, levels began to rise again after the second month . The smallest decrease in HbA1c 

compared to the control group was observed in patients performing only resistance exercises. 

The results of this study indicate that for patients with type 2 diabetes, combining aerobic and 

resistance training methods is the most effective approach. This combination allows for the  

greatest reduction in HbA1c levels and helps maintain lower HbA1c levels over a longer period 

(Church et al., 2010; Hordern et al., 2011). In a comprehensive review of the role of exercise in 

managing chronic diseases, the authors emphasized that regular physical activity, particularly a 

combination of aerobic and resistance training, can significantly improve insulin sensitivity and 

glycemic control in individuals with type 1 and type 2 diabetes. Their findings support the idea 

that exercise acts as a form of "medicine" for chronic conditions, with structured and supervised 

programs yielding the best outcomes. Specifically, they noted that resistance training enhances 

muscle mass and glucose uptake, which is particularly beneficial for stabilizing blood glucose 

levels in patients with diabetes (Pedersen, Saltin, 2015). This aligns with other research findings, 

further emphasizing the importance of combining different forms of exercise for optimal 

diabetes management (Church et al., 2010; Pedersen, Saltin, 2015; Reddy et al., 2019). 

 

The Impact of Physical Activity on Diabetes Complications 

In a 2009 study titled "Effects of Aerobic Exercise on Microalbuminuria and Enzymuria in Type 

2 Diabetic Patients", researchers aimed to investigate how the introduction of regular aerobic 

exercise in a group of patients with type 2 diabetes would affect their level of microalbuminuria, 

which is the excretion of albumin in the urine (Lazarevic et al., 2009). Microalbuminuria is one 

of the initial stages of overt diabetic kidney disease and is a negative indicator of cardiovascular 

risk in patients with diabetes (Papatheodorou et al., 2017). The study showed that the level  of 

microalbuminuria in six patients who had been diagnosed with microalbuminuria before the 
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start of the study and regular aerobic exercise decreased after three and again after six months 

of exercise. This indicates that regular aerobic exercise may reduce the level  of 

microalbuminuria, which can slow the progression of diabetic nephropathy and has a beneficial 

effect on cardiovascular risk in patients with diabetes (Lazarevic et al., 2009). In the 

article "Effect of physical activity on reducing the risk of diabetic retinopathy progression: 10-

year prospective findings from the 45 and Up Study", which describes a 10-year cohort study 

on working-age patients with diabetes, it was shown that diabetic patients with high levels of 

physical activity have a lower risk of developing diabetic retinopathy compared to patients with 

low levels of physical activity (Yan et al., 2021). Regular physical activity is also important in 

diabetic neuropathy, which is a microvascular complications of diabetes (Papatheodorou et al., 

2017). Through exercise, patients can improve their nerve functions and reduce the symptoms 

of neuropathy (Tzou et al., 2016).  

Physical exercise can improve microcirculation and has a positive effect on the vascular 

endothelium (Kolka et al, 2013) which may be beneficial in preventing diabetes complications 

(Lazarevic et al., 2009; Yan, 2021). Recent research has further highlighted the role of physical 

activity in mitigating diabetes-related complications. For instance, a 2023 experimental study 

on the therapeutic effects of physical exercise in diabetes demonstrated that regular physical 

activity not only improves glycemic control but also reduces the risk of microvascular and 

macrovascular complications, such as neuropathy, nephropathy and cardiovascular disease 

(Messina et al., 2023). Their findings suggest that exercise enhances endothelial function, 

reduces inflammation and improves insulin sensitivity, all of which contribute to the prevention 

and management of diabetes complications (Messina et al., 2023).   

 

The Role of Regular Physical Activity in the Prevention of Type 2 Diabetes 

In the review article "Daily Physical Activity and Type 2 Diabetes: A Review" from 2016, it was 

shown, based on cited studies and literature, that regular physical activity may be a factor that 

can prevent type 2 diabetes in certain patients (Hamasaki, 2016). This is an additional benefit 

beyond reducing cardiovascular risk and mortality that patients at risk for type 2 diabetes can 

achieve (Hordern et al., 2012). The article "Management of diabetes mellitus in children and 

adolescents: engaging in physical activity", emphasize that regular physical activity can inhibit 

the development of diabetes in children with prediabetes (Nadella et al., 2017). Lifestyle 

interventions, such as promoting physical activity and healthy eating are effective in improving 

glycemic control and reducing the risk of developing type 2 diabetes (T2DM) (Nadella et al., 

2017). The optimal time to introduce such changes is during childhood, before puberty, when 

there is a physiological reduction in insulin sensitivity (Nadella et al., 2017). It is recommended 

that patients with prediabetes should exercise similarly to patients with type 2 diabetes, aiming 

for 210 minutes of moderate physical activity or 125 minutes of vigorous exercise per week 

(Hordern et al., 2012). Moreover, combining physical activity with weight loss can lead to a 

reduction in the incidence of type 2 diabetes by up to 58% in patients at high risk of developing 

type 2 diabetes, as described in Physical Activity/Exercise and Diabetes: A Position Statement 

of the American Diabetes Association (Colberg et al., 2016). This demonstrates the importance 
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of implementing physical activity in patients at risk of type 2 diabetes (Colberg et al., 2010; 

Hordern et al., 2012; Colberg et al., 2016) 

 

Summary 

This review highlights the critical role of physical activity in the management of diabetes, 

emphasizing its benefits for both Type 1 Diabetes (T1D) and Type 2 Diabetes (T2D). Regular 

exercise is essential for improving insulin sensitivity, aiding in weight management, and 

enhancing overall metabolic health. However, integrating physical activity into diabetes 

management requires careful consideration of individual health statuses and potential risks, 

such as hypoglycemia. 

Physical activity enhances the body's response to insulin, which is particularly beneficial for 

individuals with T2D who often experience insulin resistance. Exercise helps lower blood 

glucose levels, which is crucial for maintaining stable blood sugar levels in both T1D and T2D.  

Regular physical activity supports maintaining a healthy body weight, which is important in 

preventing and managing T2D. Additionally, physical activity reduces the risk of cardiovascular 

diseases by lowering blood pressure and improving lipid profiles. Exercise also contributes to 

mental health and overall well-being, which are essential for managing a chronic condition like 

diabetes. Regular physical activity can lower the risk of developing diabetic complications, 

such as nephropathy, retinopathy and neuropathy. 

Individuals with T1D are at a higher risk of hypoglycemia during and after exercise due to 

increased insulin sensitivity. Strategies such as adjusting insulin doses and consuming 

carbohydrates before and after exercise can help mitigate this risk. Continuous glucose 

monitoring systems (CGMS) are effective in detecting hypoglycemic episodes especially at 

night. It is important to tailor exercise programs to individual health statuses and capabilities. 

Education on glucose management during exercise and the use of monitoring tools can help 

patients safely engage in physical activity. 

Research indicates that a combination of aerobic and resistance training yields the best results 

in improving glycemic control and reducing HbA1c levels in patients with T2D. For T1D, 

strength training may help maintain more stable blood glucose levels compared to aerobic 

exercise. Studies have shown that regular physical activity can prevent or delay the onset of 

T2D in at-risk individuals, such as those with prediabetes. Lifestyle interventions, including 

physical activity and healthy eating habits, are most effective when implemented early, 

preferably during childhood. 

Regular physical activity has been shown to reduce the risk of diabetic complications.  

For example, aerobic exercise can decrease the level of microalbuminuria, which is an early 

indicator of diabetic kidney disease. Physical activity also reduces the risk of developing 

diabetic retinopathy. These benefits highlight the importance of incorporating regular exercise 

into diabetes management strategies to improve long-term health outcomes. 

Future research should focus on developing individualized exercise plans and further 

investigating the long-term effects of physical activity on disease progression and complication 

rates. Additionally, research should explore the most effective strategies for integrating exercise 
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into the daily routines of individuals with diabetes, considering their unique health needs and 

challenges. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Disclosure 

Author’s Contributions Statement 

Conceptualization: Bartosz Dądela, Natalia Śliwa, Szymon Janczura 

Methodology: Eliza Kawalska, Joanna Jasińska, Bartosz Dądela, Szymon Gnitecki  

Software: Szymon Janczura, Emilia Majewska, Maciej Borowski, Kacper Szymon Zielonka 

Check: Kacper Zielonka, Marcin Markowski, Emilia Majewska, Maciej Borowski  

Formal analysis: Natalia Śliwa, Joanna Jasińska, Bartosz Dądela, Szymon Gnitecki  

Investigation: Bartosz Dądela, Marcin Markowski, Eliza Kawalska, Szymon Janczura 

Resources: Kacper  Zielonka, Bartosz Dądela, Marcin Markowski, Szymon Gnitecki  

Data curation: Bartosz Dądela, Marcin Markowski, Natalia Śliwa, Eliza Kawalska 

Writing – rough preparation: Kacper Szymon Zielonka, Joanna Jasińska, Bartosz Dądela, 

Marcin Markowski, Natalia Śliwa, Emilia Majewska, Eliza Kawalska, Szymon Gnitecki, 

Szymon Janczura, Maciej Borowski 

Writing – review and editing: Bartosz Dądela, Emilia Majewska, Szymon Gnitecki 

Visualization: Natalia Śliwa, Joanna Jasińska, Szymon Janczura, Maciej Borowski  

Supervision: Bartosz Dądela, Joanna Jasińska, Eliza Kawalska 

Project administration: Bartosz Dądela 

 

All authors have read and agreed with the published version of the manuscript.  

 

Funding Statement 

This study did not receive any financial support from outside sources. All research activities 

were conducted independently of any external funding. No grants, sponsorships, or financial 

contributions were received that could influence the design, conduct, or outcomes of the review.  

 

Conflict of Interest Statement 



 

13 

 

 

The authors  declare that there are no conflicts of interest regarding the publication of this 

review. No financial or personal relationships have influenced the work reported in this 

manuscript 

 

Informed Consent Statement 

Not applicable. 

 

Data Availability Statement 

The authors confirm that the data supporting the findings of this study are available within the 

article's bibliography. 

 

Acknowledgments 

Not applicable. 

 

 

 

 

References  

1. Sun H, Saeedi P, Karuranga S, Pinkepank M, Ogurtsova K, Duncan BB, Stein C, Basit 

A, Chan JCN, Mbanya JC, Pavkov ME, Ramachandaran A, Wild SH, James S, Herman 

WH, Zhang P, Bommer C, Kuo S, Boyko EJ, Magliano DJ. IDF Diabetes Atlas: Global, 

regional and country-level diabetes prevalence estimates for 2021 and projections for 

2045. Diabetes Res Clin Pract. 2022 Jan;183:109119. doi: 10.1016/j.dia-

bres.2021.109119. Epub 2021 Dec 6. Erratum in: Diabetes Res Clin Pract. 2023 

Oct;204:110945. doi: 10.1016/j.diabres.2023.110945. PMID: 34879977; PMCID: 

PMC11057359. 

2. Tiinamaija Tuomi; Type 1 and Type 2 Diabetes: What Do They Have in Common?. 

Diabetes 1 December 2005; 54 (suppl_2): S40–S45. 

3. Pouya Saeedi, Inga Petersohn, Paraskevi Salpea, Belma Malanda, Suvi Karuranga, Ni-

gel Unwin, Stephen Colagiuri, Leonor Guariguata, Ayesha A. Motala, Katherine Ogurt-

sova, Jonathan E. Shaw, Dominic Bright, Rhys Williams, On behalf of the IDF Diabetes 

Atlas Committee. Global and regional diabetes prevalence estimates for 2019 and pro-

jections for 2030 and 2045: Results from the International Diabetes Federation Diabetes 

Atlas, 9th edition. 

4. Atkinson MA, Eisenbarth GS, Michels AW. Type 1 diabetes. Lancet. 2014 Jan 

4;383(9911):69-82. doi: 10.1016/S0140-6736(13)60591-7. Epub 2013 Jul 26. PMID: 

23890997; PMCID: PMC4380133. 

5. Shugart C, Jackson J, Fields KB. Diabetes in Sports. Sports Health. 2010;2(1):29-38. 

doi:10.1177/1941738109347974. 

6. Church TS, Blair SN, Cocreham S, Johannsen N, Johnson W, Kramer K, Mikus CR, 

Myers V, Nauta M, Rodarte RQ, Sparks L, Thompson A, Earnest CP. Effects of aerobic 



 

14 

 

 

and resistance training on hemoglobin A1c levels in patients with type 2 diabetes: a 

randomized controlled trial. JAMA. 2010 Nov 24;304(20):2253-62. doi: 

10.1001/jama.2010.1710. Erratum in: JAMA. 2011 Mar 2;305(9):892. PMID: 

21098771; PMCID: PMC3174102. 

7. Hordern MD, Dunstan DW, Prins JB, Baker MK, Singh MA, Coombes JS. Exercise 

prescription for patients with type 2 diabetes and pre-diabetes: a position statement from 

Exercise and Sport Science Australia. J Sci Med Sport. 2012 Jan;15(1):25-31. doi: 

10.1016/j.jsams.2011.04.005. Epub 2011 May 28. PMID: 21621458. 

8. Yurkewicz M, Cordas M Jr, Zellers A, Sweger M. Diabetes and Sports: Managing Your 

Athlete With Type 1 Diabetes. Am J Lifestyle Med. 2016 Jul 8;11(1):58-63. doi: 

10.1177/1559827615583648. PMID: 30202314; PMCID: PMC6124849. 

9. Katherine E. Iscoe, Matthew Corcoran, Michael C. Riddell. High Rates of Nocturnal 

Hypoglycemia in a Unique Sports Camp for Athletes with Type 1 Diabetes: Lessons 

Learned from Continuous Glucose Monitoring Systems. Canadian Journal of Diabetes. 

2008;32(3):182-189. 

10. Nadella S, Indyk JA, Kamboj MK. Management of diabetes mellitus in children and 

adolescents: engaging in physical activity. Transl Pediatr. 2017 Jul;6(3):215-224. doi: 

10.21037/tp.2017.05.01. PMID: 28795013; PMCID: PMC5532192. 

11. Hamasaki H. Daily physical activity and type 2 diabetes: A review. World J Diabetes. 

2016 Jun 25;7(12):243-51. doi: 10.4239/wjd.v7.i12.243. PMID: 27350847; PMCID: 

PMC4914832. 

12. Charles D, Sabouret P, Moll A, Plisson M, Nasir K, Biondi-Zoccai G, Gulati M, Bhatt 

DL, Fysekidis M. The relationship between mortality and daily number of steps in type 

2 diabetes. Panminerva Med. 2023 Sep;65(3):335-342. doi: 10.23736/S0031-

0808.22.04732-2. Epub 2022 May 30. PMID: 35638241. 

13. Balducci, S., et al. (2012). Effect of an Intensive Exercise Intervention Strategy on Mod-

ifiable Cardiovascular Risk Factors in Subjects with Type 2 Diabetes Mellitus: A Ran-

domized Controlled Trial. Archives of Internal Medicine, 172(5), 414-424. 

14. Lazarevic G, Antic S, Vlahovic P, Djordjevic V, Zvezdanovic L, Stefanovic V. Effects 

of aerobic exercise on microalbuminuria and enzymuria in type 2 diabetic patients. Ren 

Fail. 2007;29(2):199-205. doi: 10.1080/08860220601098870. PMID: 17365936. 

15. Reddy R, Wittenberg A, Castle JR, El Youssef J, Winters-Stone K, Gillingham M, Ja-

cobs PG. Effect of Aerobic and Resistance Exercise on Glycemic Control in Adults With 

Type 1 Diabetes. Can J Diabetes. 2019 Aug;43(6):406-414.e1. doi: 

10.1016/j.jcjd.2018.08.193. Epub 2018 Aug 30. PMID: 30414785; PMCID: 

PMC6591112. 

16. Yan X, Han X, Wu C, Shang X, Zhang L, He M. Effect of physical activity on reducing 

the risk of diabetic retinopathy progression: 10-year prospective findings from the 45 

and Up Study. PLoS One. 2021 Jan 14;16(1):e0239214. doi: 10.1371/jour-

nal.pone.0239214. PMID: 33444338; PMCID: PMC7808642. 



 

15 

 

 

17. Sheri R. Colberg, Ronald J. Sigal, Jane E. Yardley, Michael C. Riddell, David W. Dun-

stan, Paddy C. Dempsey, Edward S. Horton, Kristin Castorino, Deborah F. Tate; Physi-

cal Activity/Exercise and Diabetes: A Position Statement of the American Diabetes As-

sociation. Diabetes Care 1 November 2016; 39 (11): 2065–

2079. https://doi.org/10.2337/dc16-1728 

18. Colberg SR, Sigal RJ, Fernhall B, Regensteiner JG, Blissmer BJ, Rubin RR, Chasan-

Taber L, Albright AL, Braun B; American College of Sports Medicine; American Dia-

betes Association. Exercise and type 2 diabetes: the American College of Sports Medi-

cine and the American Diabetes Association: joint position statement. Diabetes Care. 

2010 Dec;33(12):e147-67. doi: 10.2337/dc10-9990. PMID: 21115758; PMCID: 

PMC2992225. 

19. Pedersen BK, Saltin B. Exercise as medicine - evidence for prescribing exercise as ther-

apy in 26 different chronic diseases. Scand J Med Sci Sports. 2015 Dec;25 Suppl 3:1-

72. doi: 10.1111/sms.12581. PMID: 26606383. 

20. Messina G, Alioto A, Parisi MC, Mingrino O, Di Corrado D, Crescimanno C, Kuliś S, 

Nese Sahin F, Padua E, Canzone A, Francavilla VC. Experimental study on physical 

exercise in diabetes: pathophysiology and therapeutic effects. Eur J Transl Myol. 2023 

Oct 10;33(4):11560. doi: 10.4081/ejtm.2023.11560. PMID: 37817671; PMCID: 

PMC10811642. 

 

21. Benham JL, Booth JE, Dunbar MJ, Doucette S, Boulé NG, Kenny GP, Prud'homme D, 

Sigal RJ. Significant Dose-Response between Exercise Adherence and Hemoglobin A1c 

Change. Med Sci Sports Exerc. 2020 Sep;52(9):1960-1965. doi: 

10.1249/MSS.0000000000002339. PMID: 32175973. 

22. Kulzer B, Freckmann G, Ziegler R, Schnell O, Glatzer T, Heinemann L. Nocturnal Hy-

poglycemia in the Era of Continuous Glucose Monitoring. Journal of Diabetes Science 

and Technology. 2024;18(5):1052-1060. doi:10.1177/1932296824126782. 

23. Umpierre D, Ribeiro PA, Kramer CK, Leitão CB, Zucatti AT, Azevedo MJ, Gross JL, 

Ribeiro JP, Schaan BD. Physical activity advice only or structured exercise training and 

association with HbA1c levels in type 2 diabetes: a systematic review and meta-analysis. 

JAMA. 2011 May 4;305(17):1790-9. doi: 10.1001/jama.2011.576. PMID: 

21540423.American Diabetes Association. Diagnosis and classification of diabetes 

mellitus. Diabetes Care. 2010 Jan;33 Suppl 1(Suppl 1):S62-9. doi: 10.2337/dc10-S062. 

Erratum in: Diabetes Care. 2010 Apr;33(4):e57. PMID: 20042775; PMCID: 

PMC2797383. 

24. Massimo F Piepoli, Arno W Hoes, Stefan Agewall, Christian Albus, Carlos Brotons, 

Alberico L Catapano, Marie-Therese Cooney, Ugo Corrà, Bernard Cosyns, Christi Dea-

ton, Ian Graham, Michael Stephen Hall, F D Richard Hobbs, Maja-Lisa Løchen, Herbert 

Löllgen, Pedro Marques-Vidal, Joep Perk, Eva Prescott, Josep Redon, Dimitrios J Rich-

ter, Naveed Sattar, Yvo Smulders, Monica Tiberi, H Bart van der Worp, Ineke van Dis, 

https://doi.org/10.2337/dc16-1728


 

16 

 

 

W M Monique Verschuren, Simone Binno, ESC Scientific Document Group , 2016 Eu-

ropean Guidelines on cardiovascular disease prevention in clinical practice: The Sixth 

Joint Task Force of the European Society of Cardiology and Other Societies on Cardio-

vascular Disease Prevention in Clinical Practice (constituted by representatives of 10 

societies and by invited experts) 

Developed with the special contribution of the European Association for Cardiovascular 

Prevention & Rehabilitation (EACPR), European Heart Journal, Volume 37, Issue 29, 

1 August 2016, Pages 2315–2381, https://doi.org/10.1093/eurheartj/ehw106 

25. Papatheodorou K, Banach M, Bekiari E, Rizzo M, Edmonds M. Complications of Dia-

betes 2017. J Diabetes Res. 2018 Mar 11;2018:3086167. doi: 10.1155/2018/3086167. 

PMID: 29713648; PMCID: PMC5866895. 

26. Fagour C, Gonzalez C, Pezzino S, Florenty S, Rosette-Narece M, Gin H, Rigalleau V. 

Low physical activity in patients with type 2 diabetes: the role of obesity. Diabetes 

Metab. 2013 Feb;39(1):85-7. doi: 10.1016/j.diabet.2012.09.003. Epub 2012 Nov 14. 

PMID: 23159129. 

27. Yardley JE, Hay J, Abou-Setta AM, Marks SD, McGavock J. A systematic review and 

meta-analysis of exercise interventions in adults with type 1 diabetes. Diabetes Res Clin 

Pract. 2014 Dec;106(3):393-400. doi: 10.1016/j.diabres.2014.09.038. Epub 2014 Oct 7. 

PMID: 25451913. 

28. Gurneet Brar, Sean Carmody, Alistair Lumb, Andrew Shafik, Chris Bright, Robert C. 

Andrews. Practical considerations for continuous glucose monitoring in elite athletes 

with type 1 diabetes mellitus: A narrative review. The Journal of Physiology. 

2024;602(10):2169-2177. doi:10.1113/JP285836. 

29. Kharroubi AT, Darwish HM. Diabetes mellitus: The epidemic of the century. World J 

Diabetes. 2015;6(6):850-867. doi:10.4239/wjd.v6.i6.850. PMID: 26131326. 

30. Trojian, Thomas MD; Colberg, Sheri PhD; Harris, George MD; Oh, Robert MD; Dixit, 

Sameer MD; Gibson, Margaret MD; Corcoran, Matthew MD; Ramey, Lindsay MD; 

Berg, Philip V. MS. American Medical Society for Sports Medicine Position Statement 

on the Care of the Athlete and Athletic Person With Diabetes. Clinical Journal of Sport 

Medicine. 2022;32(1):8-20. doi:10.1097/JSM.0000000000000906. 

31. Kolka C. Treating Diabetes with Exercise - Focus on the Microvasculature. J Diabetes 

Metab. 2013 Nov 16;4:308. PMID: 24772374; PMCID: PMC4000229. 

32. Aune D, Norat T, Leitzmann M, Tonstad S, Vatten LJ. Physical activity and the risk of 

type 2 diabetes: a systematic review and dose-response meta-analysis. Eur J Epidemiol. 

2015 Jul;30(7):529-42. doi: 10.1007/s10654-015-0056-z. Epub 2015 Jun 20. PMID: 

26092138. 

33. Knowler WC, Barrett-Connor E, Fowler SE, Hamman RF, Lachin JM, Walker EA, Na-

than DM; Diabetes Prevention Program Research Group. Reduction in the incidence of 

type 2 diabetes with lifestyle intervention or metformin. N Engl J Med. 2002 Feb 

7;346(6):393-403. doi: 10.1056/NEJMoa012512. PMID: 11832527; PMCID: 

PMC1370926. 

https://doi.org/10.1093/eurheartj/ehw106


 

17 

 

 

34. Ywh-Min Tzou, Sarah K. Bailey, Kaiyu Yuan, Ronald Shin, Wei Zhang, Yabing Chen, 

Raj K. Singh, Lalita A. Shevde, N. Rama Krishna, Identification of initial leads directed 

at the calmodulin-binding region on the Src-SH2 domain that exhibit anti-proliferation 

activity against pancreatic cancer,Bioorganic & Medicinal Chemistry Letters,Volume 

26, Issue 4,2016,Pages 1237-1244,ISSN 0960-894X, 

https://doi.org/10.1016/j.bmcl.2016.01.027. 

35. Riddell MC, Gallen IW, Smart CE, Taplin CE, Adolfsson P, Lumb AN, Kowalski A, 

Rabasa-Lhoret R, McCrimmon RJ, Hume C, Annan F, Fournier PA, Graham C, Bode B, 

Galassetti P, Jones TW, Millán IS, Heise T, Peters AL, Petz A, Laffel LM. Exercise 

management in type 1 diabetes: a consensus statement. Lancet Diabetes Endocrinol. 

2017 May;5(5):377-390. doi: 10.1016/S2213-8587(17)30014-1. Epub 2017 Jan 24. Er-

ratum in: Lancet Diabetes Endocrinol. 2017 May;5(5):e3. doi: 10.1016/S2213-

8587(17)30086-4. PMID: 28126459. 

36. Smith, A.D., Crippa, A., Woodcock, J. et al. Physical activity and incident type 2 diabe-

tes mellitus: a systematic review and dose–response meta-analysis of prospective cohort 

studies. Diabetologia 59, 2527–2545 (2016).  

37. Sparks LM. Exercise training response heterogeneity: physiological and molecular in-

sights. Diabetologia. 2017 Dec;60(12):2329-2336. doi: 10.1007/s00125-017-4461-6. 

Epub 2017 Oct 14. PMID: 29032385. 

38. Zimmet, P., Alberti, K., Magliano, D. et al. Diabetes mellitus statistics on prevalence 

and mortality: facts and fallacies. Nat Rev Endocrinol 12, 616–622 (2016). 

https://doi.org/10.1038/nrendo.2016.105 

39. Hawley JA, Hargreaves M, Joyner MJ, Zierath JR. Integrative biology of exercise. Cell. 

2014 Nov 6;159(4):738-49. doi: 10.1016/j.cell.2014.10.029. PMID: 25417152. 

40. Beck RW, Riddlesworth T, Ruedy K, et al. Effect of Continuous Glucose Monitoring on 

Glycemic Control in Adults With Type 1 Diabetes Using Insulin Injections:  The 

DIAMOND Randomized Clinical Trial. JAMA. 2017;317(4):371–378. 

doi:10.1001/jama.2016.19975 

41. Pathophysiology and treatment of type 2 diabetes: perspectives on the past, present, and 

future Kahn, Steven E et al.,The Lancet, Volume 383, Issue 9922, 1068 – 1083 

42. Gregg EW, Sattar N, Ali MK. The changing face of diabetes complications. Lancet Di-

abetes Endocrinol. 2016 Jun;4(6):537-47. doi: 10.1016/S2213-8587(16)30010-9. Epub 

2016 May 4. PMID: 27156051 

43. Diabetes Canada Clinical Practice Guidelines Expert Committee; Sigal RJ, Armstrong 

MJ, Bacon SL, Boulé NG, Dasgupta K, Kenny GP, Riddell MC. Physical Activity and 

Diabetes. Can J Diabetes. 2018 Apr;42 Suppl 1:S54-S63. doi: 

10.1016/j.jcjd.2017.10.008. PMID: 29650112. 

https://doi.org/10.1016/j.bmcl.2016.01.027
https://doi.org/10.1038/nrendo.2016.105

