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ABSTRACT

Structured physical activity programs have shown promising effects in improving insulin sensitivity among
overweight adolescents with prediabetes. These interventions work through multiple mechanisms, including
enhanced glucose uptake, reduction in visceral fat, improved mitochondrial function, and decreased systemic
inflammation, all of which contribute to improved insulin action. Combined aerobic and resistance training exercises,
in particular, appear to offer the most comprehensive benefits, addressing both metabolic health and the risk of
progression to type 2 diabetes. The clinical evidence strongly supports the efficacy of physical activity in enhancing
insulin sensitivity and preventing the development of type 2 diabetes in adolescents at risk. Tailoring exercise
programs to individual needs, age, and fitness levels, while incorporating dietary changes and other lifestyle
modifications, has been shown to improve outcomes. Ensuring long-term adherence and addressing barriers to
participation are also critical for optimizing the effectiveness of these interventions. As prediabetes continues to rise
in the adolescent population, structured exercise should be prioritized as a central component of prevention and
management strategies. Further research is needed to identify the optimal exercise intensity, duration, and
combination for maximizing benefits. This review utilized a comprehensive analysis of existing clinical studies and
meta-analyses to evaluate the impact of physical activity on insulin sensitivity in this population.
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INTRODUCTION
The increasing prevalence of overweight and obesity among adolescents, combined with the rising incidence of
prediabetes, presents a significant public health concern [1-387. Prediabetes, characterized by impaired fasting
glucose or glucose tolerance, is a critical stage in the development of type 2 diabetes mellitus (T2DM) [4].
Adolescents with prediabetes are at a heightened risk of progressing to T2DM, a condition associated with a wide
range of long-term complications, including cardiovascular disease, kidney dysfunction, and neuropathy. A key
factor contributing to the onset of T2DM is insulin resistance, where the body’s cells become less responsive to
insulin, impairing glucose uptake and metabolism. One of the most effective non-pharmacological strategies to
combat insulin resistance in overweight adolescents with prediabetes is structured physical activity [5, 67. Regular
exercise, encompassing various modalities such as aerobic exercise, resistance training, and combined regimens, has
been shown to significantly improve insulin sensitivity. These improvements in insulin action are crucial in
preventing the progression from prediabetes to T2DM. Physical activity not only enhances glucose uptake by
muscle tissue but also reduces excess body fat, particularly visceral fat, a major contributor to insulin resistance.
Additionally, exercise promotes mitochondrial function and reduces systemic inflammation, both of which are linked
to improved metabolic health. This review seeks to explore the effects of structured physical activity programs on
insulin sensitivity in overweight adolescents with prediabetes. It aims to examine the physiological mechanisms
through which exercise enhances insulin sensitivity, evaluate the effectiveness of various exercise interventions, and
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discuss the clinical implications of these findings for the management and prevention of T2DM in adolescents. By
understanding the role of physical activity in improving insulin sensitivity, this review will highlight the potential
for exercise as a key therapeutic tool in managing prediabetes and reducing the risk of diabetes-related complications
in the adolescent population.
Pathophysiology Of Insulin Sensitivity In Overweight Adolescents
Insulin sensitivity refers to the efficiency with which insulin facilitates glucose uptake into peripheral tissues,
particularly muscle and adipose tissue [7, 8]. In individuals with prediabetes, insulin resistance occurs due to a pPage | 101
combination of factors including obesity, sedentary behavior, poor diet, and genetic predisposition. Overweight
adolescents exhibit excessive visceral adiposity and altered hormonal regulation, both of which impair insulin action.
Additionally, chronic low-grade inflammation, often associated with obesity, contributes to insulin resistance by
interfering with insulin signaling pathways.
In adolescents with prediabetes, insulin resistance is a significant predictor of the future development of T2DM and
cardiovascular disease. In these individuals, even modest improvements in insulin sensitivity can reduce the risk of
disease progression and mitigate associated complications. Thus, interventions that improve insulin sensitivity are
of paramount importance in preventing the onset of T2DM.
The Role Of Structured Physical Activity In Improving Insulin Sensitivity

Physical activity is widely recognized for its positive effects on metabolic health, particularly in the context of insulin
sensitivity [9, 107]. Regular physical activity enhances glucose uptake by skeletal muscle, reduces visceral fat, and
promotes the health of endothelial cells, all of which contribute to improved insulin sensitivity. For adolescents with
prediabetes, structured physical activity programs offer a viable and effective approach to ameliorating insulin
resistance.
Exercise exerts its beneficial effects through multiple mechanisms:

1. Improved Glucose Uptake and Utilization: Physical activity enhances the translocation of glucose
transporter type 4 (GLUT-4) to the cell membrane of muscle cells, facilitating increased glucose uptake
from the bloodstream [11, 127. Additionally, exercise increases the activity of key enzymes involved in
glucose metabolism, such as hexokinase, which further promotes glucose utilization.

1. Reduction in Visceral Fat: Exercise, particularly aerobic and resistance training, is associated with
reductions in visceral adiposity, which is a key driver of insulin resistance. Visceral fat secretes pro-
inflammatory cytokines and free fatty acids that impair insulin signaling, and by reducing this fat, exercise
helps to restore insulin sensitivity.

iii. Improved Mitochondrial Function: Physical activity increases mitochondrial biogenesis and enhances
mitochondrial function, which contributes to improved energy production and glucose utilization within
cells. These mitochondrial changes may also reduce oxidative stress, a known contributor to insulin
resistance.

iv. Reduction in Inflammation: Regular physical activity has anti-inflammatory effects that may help
mitigate the chronic low-grade inflammation that is common in overweight adolescents with prediabetes.
Reduced inflammation improves insulin signaling and sensitivity, ultimately benefiting glucose
metabolism.

V. Enhanced Endothelial Function: Exercise improves endothelial function, increasing nitric oxide
production, which enhances blood flow and glucose delivery to tissues. This effect also supports insulin
action by optimizing tissue perfusion.

Types Of Physical Activity Interventions
Several types of structured physical activity programs have been studied for their effects on insulin sensitivity in
overweight adolescents with prediabetes. These programs generally fall into three categories: aerobic exercise,
resistance training, and combined aerobic and resistance exercise.

1. Aerobic Exercise: Aerobic exercise, including activities such as running, swimming, and cycling, has been
shown to be particularly effective in improving insulin sensitivity [13, 147]. Aerobic exercise increases the
total energy expenditure, promotes fat oxidation, and enhances glucose uptake by muscle tissue. Studies in
adolescents with prediabetes have demonstrated that regular participation in moderate to vigorous aerobic
exercise leads to significant improvements in insulin sensitivity and reductions in fasting blood glucose
levels.

ii. Resistance Training: Resistance training involves activities that focus on building muscle strength, such
as weight lifting and bodyweight exercises. This type of exercise has been shown to increase muscle mass,
which is associated with improved insulin sensitivity. Resistance training has the added benefit of increasing
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lean body mass, which enhances glucose utilization and improves metabolic health. Studies have also
suggested that resistance training can help reduce visceral fat, further promoting insulin sensitivity.

iii. Combined Aerobic and Resistance Exercise: Combining both aerobic and resistance training in a
structured program may offer the most comprehensive benefits for insulin sensitivity. These programs
target multiple pathways involved in glucose metabolism, such as increasing glucose uptake, improving
mitochondrial function, and reducing adiposity. Several studies have reported that combined exercise
regimens lead to greater improvements in insulin sensitivity compared to either modality alone. Page | 102

Clinical Evidence On The Effectiveness Of Structured Physical Activity Programs
A growing body of research has investigated the effects of structured physical activity programs on insulin
sensitivity in overweight adolescents with prediabetes [15, 167]. While study designs and interventions vary, the
overall evidence strongly supports the beneficial effects of exercise on insulin sensitivity. For instance, a randomized
controlled trial by Taylor et al. (2016) examined the impact of a 12-week aerobic exercise program in adolescents
with prediabetes. The results demonstrated significant improvements in insulin sensitivity, with reductions in
HbA1c and fasting glucose levels, alongside reductions in body fat percentage. Another study by Boulé et al. (2012)
evaluated the effects of a combined aerobic and resistance exercise program in overweight adolescents and found
that this program resulted in significantly greater improvements in insulin sensitivity compared to sedentary
controls. Similarly, a study by McCarthy et al. (2019) focused on the effects of resistance training on insulin
sensitivity in overweight adolescents. After 16 weeks of resistance training, participants showed improvements in
insulin action and reduced abdominal fat. Notably, the benefits were observed even without substantial weight loss,
highlighting the importance of muscle strength and physical activity in metabolic health. Meta-analyses have also
supported the positive effects of physical activity on insulin sensitivity in overweight adolescents with prediabetes.
A systematic review by Papandreou et al. (2014) found that both aerobic and resistance exercise interventions
resulted in significant improvements in insulin sensitivity and reductions in fasting glucose levels.
Factors Influencing The Efficacy Of Physical Activity Programs

Several factors can influence the efficacy of physical activity programs in improving insulin sensitivity in overweight
adolescents with prediabetes. These factors include:

L. Intensity and Duration of Exercise: Higher-intensity exercise programs, as well as longer durations of
exercise, tend to yield greater improvements in insulin sensitivity [17]. Studies have shown that moderate-
to-vigorous intensity aerobic exercise and resistance training are more effective than low-intensity exercise
in improving glucose metabolism.

ii. Adherence to Exercise Programs: The success of physical activity interventions depends largely on
adherence. Adolescents may face barriers to consistent participation, such as lack of motivation, time
constraints, and access to facilities. Strategies to improve adherence, such as individualized programs,
parental involvement, and group exercise settings, can enhance the effectiveness of exercise interventions.

iii. Diet and Lifestyle Factors: Physical activity alone may not be sufficient to improve insulin sensitivity; a
healthy diet and lifestyle changes are often necessary to achieve optimal metabolic outcomes. Integrating
dietary interventions with physical activity programs can enhance the benefits and lead to more significant
improvements in insulin sensitivity.

Clinical Implications And Recommendations

The evidence supporting the role of structured physical activity in improving insulin sensitivity in overweight
adolescents with prediabetes is compelling. Healthcare providers should consider incorporating regular physical
activity into treatment plans for adolescents with prediabetes. Exercise interventions should be tailored to individual
preferences and capabilities, taking into account factors such as age, fitness level, and potential barriers to
participation.

Moreover, combining exercise with other lifestyle modifications, such as dietary changes and behavioral strategies,
is likely to maximize the benefits for insulin sensitivity and overall metabolic health. Education and support for both
adolescents and their families are critical to promoting long-term adherence to exercise programs.

CONCLUSION

In conclusion, structured physical activity programs have demonstrated significant potential in improving insulin
sensitivity in overweight adolescents with prediabetes. Through mechanisms such as enhanced glucose uptake,
reduction in visceral fat, improved mitochondrial function, and reduced systemic inflammation, exercise
interventions can effectively address key contributors to insulin resistance. The combination of aerobic exercise,
resistance training, or their integrated form has been shown to yield the most comprehensive benefits, not only by
improving metabolic health but also by reducing the risk of progression to type 2 diabetes. Clinical evidence
consistently supports the positive impact of physical activity on insulin sensitivity, underscoring its role as a key
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intervention in preventing the onset of type 2 diabetes in at-risk adolescents. The clinical benefits are most
pronounced when exercise programs are designed to be age-appropriate, tailored to individual capabilities, and
combined with other lifestyle modifications such as dietary changes. Addressing barriers to adherence and ensuring
long-term sustainability are crucial for maximizing the benefits of physical activity. As the prevalence of prediabetes
continues to rise among adolescents, healthcare providers should prioritize structured exercise programs as an
integral component of intervention strategies. By fostering a holistic approach that combines physical activity with
healthy eating and behavioral changes, we can significantly improve metabolic outcomes and reduce the long-term pgge | 103
burden of type 2 diabetes on adolescents. Further research exploring the optimal characteristics of physical activity
interventions will enhance our ability to refine and personalize these programs for maximal effectiveness.
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