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ABSTRACT 

Prediabetes, characterized by insulin resistance, is a significant global health issue that increases the risk of 
progression to Type 2 Diabetes Mellitus (T2DM). Lifestyle interventions, particularly structured exercise programs 
and dietary modifications, play a critical role in improving insulin sensitivity in adults with prediabetes. This review 
evaluated and compared the effectiveness of these two strategies in enhancing insulin sensitivity. Methodologically, 
this article synthesized findings from recent studies on both interventions, highlighting the underlying mechanisms, 
efficacy, and practical implications. Structured exercise programs include aerobic and resistance training, improving 
insulin sensitivity by enhancing glucose uptake in muscles, reducing visceral fat, and improving cardiovascular 
health. Similarly, dietary interventions, such as low-carbohydrate, low-glycemic index, and Mediterranean diets, 
reduce insulin resistance by modulating nutrient intake and lowering postprandial glucose spikes. While both 
approaches demonstrate efficacy, structured exercise programs, particularly those combining aerobic and resistance 
training, tend to show greater improvements in insulin sensitivity. However, dietary interventions offer scalability 
and accessibility advantages, potentially enhancing long-term adherence. The review underscored the importance 
of individualized treatment plans, where a combined approach may yield optimal results. This comparative analysis 
provides valuable insights for clinicians and public health policymakers aiming to develop effective evidence-based 
strategies for preventing T2DM in individuals with prediabetes. 
Keywords: Prediabetes, Insulin Sensitivity, Structured Exercise Programs, Dietary Interventions, Type 2 Diabetes 
Prevention. 

 
INTRODUCTION 

Prediabetes is a growing public health concern, with an estimated 1 in 3 adults in the United States affected by the 
condition, placing them at a heightened risk for developing Type 2 Diabetes Mellitus (T2DM) [1–3]. Insulin 
resistance, a core feature of prediabetes, results in impaired glucose uptake by cells, leading to elevated blood glucose 
levels [4, 5]. This condition is reversible with timely intervention, and improving insulin sensitivity is central to 
preventing the progression to T2DM. While pharmacological treatments exist, lifestyle modifications, particularly 
structured exercise programs and dietary interventions, have emerged as cornerstone strategies for managing 
prediabetes and improving insulin sensitivity. Both structured exercise and dietary interventions have been shown 
to play significant roles in enhancing insulin sensitivity, though their relative effectiveness and mechanisms differ 
[6]. Structured exercise programs, encompassing aerobic exercise, resistance training, or a combination of both, 
have been widely studied for their ability to reduce insulin resistance by improving muscle function, decreasing 
visceral fat, and enhancing glucose uptake in skeletal muscle. On the other hand, dietary interventions, particularly 
those focused on reducing caloric intake, increasing fiber, and adopting low-glycemic index foods, have also 
demonstrated efficacy in improving glucose metabolism and reducing insulin resistance. The Mediterranean diet, 
low-carbohydrate diets, and calorie-restricted regimens are examples of dietary patterns that have shown promise 
in enhancing insulin action and metabolic health. This review aims to compare the effectiveness of structured 
exercise programs and dietary interventions on insulin sensitivity in adults with prediabetes. By evaluating the 
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mechanisms, benefits, and limitations of each intervention, this article seeks to provide evidence-based insights for 
clinicians, researchers, and policymakers seeking to optimize strategies for the prevention of T2DM. Given the 
growing burden of prediabetes and its long-term health implications, understanding how these lifestyle 
modifications influence insulin sensitivity is critical in shaping effective public health strategies. Prediabetes is a 
metabolic condition that affects millions of adults worldwide, with a significant proportion progressing to T2DM if 
left unmanaged [7]. Insulin resistance, the underlying pathophysiology of prediabetes, impairs the body's ability to 
effectively use insulin, leading to elevated blood glucose levels. Lifestyle modifications are the first line of defense in 
managing prediabetes, with structured exercise programs and dietary interventions being the most widely 
recommended strategies. Structured exercise programs typically involve regular, supervised sessions of aerobic 
exercise, resistance training, or a combination of both [8]. These programs are designed to improve cardiovascular 
fitness, muscle strength, and overall metabolic health. Dietary interventions, on the other hand, focus on modifying 
nutrient intake to improve glycemic control and reduce insulin resistance. Common dietary approaches include low-
carbohydrate diets, low-glycemic index diets, and the Mediterranean diet, all of which have been shown to improve 
insulin sensitivity to varying degrees. Understanding the relative effectiveness of these two approaches is crucial for 
developing evidence-based recommendations for adults with prediabetes. This review aims to synthesize the latest 
evidence on the impact of structured exercise programs and dietary interventions on insulin sensitivity, providing 
insights into their mechanisms, efficacy, and practical implications. 

MECHANISMS OF ACTION 
Both structured exercise programs and dietary interventions improve insulin sensitivity through distinct yet 
complementary mechanisms [9, 10]. Structured exercise programs enhance insulin sensitivity primarily by 
increasing glucose uptake in skeletal muscles. Aerobic exercise, such as running, cycling, and swimming, improves 
cardiovascular fitness and increases the expression of  glucose transporter type 4 (GLUT4) in muscle cells, 
facilitating glucose uptake [11, 12]. Resistance training, such as weightlifting, builds muscle mass, which increases 
the body's capacity to store and utilize glucose. Combined training, which incorporates both aerobic and resistance 
exercises, offers the benefits of  both modalities, leading to greater improvements in insulin sensitivity. Dietary 
interventions improve insulin sensitivity by modulating nutrient intake and reducing postprandial glucose spikes. 
Low-carbohydrate diets reduce the overall glycemic load, leading to lower insulin demand and improved insulin 
sensitivity. Low-glycemic index diets focus on consuming foods that cause a slower, more gradual rise in blood 
glucose levels, reducing insulin spikes and improving glycemic control. The Mediterranean diet, rich in whole grains, 
fruits, vegetables, and healthy fats, has been shown to improve insulin sensitivity by reducing inflammation and 
oxidative stress, both of  which are implicated in insulin resistance. 

EFFICACY OF STRUCTURED EXERCISE PROGRAMS 
Structured exercise programs have been extensively studied for their impact on insulin sensitivity in adults with 
prediabetes. Aerobic exercise has been shown to significantly improve insulin sensitivity, with studies demonstrating 
reductions in fasting insulin levels and improvements in glucose tolerance [13]. For example, a 12-week aerobic 
exercise program consisting of  moderate-intensity cycling or brisk walking for 30 minutes, five times per week, has 
been shown to improve insulin sensitivity by up to 30% in adults with prediabetes [14]. Resistance training, while 
less studied than aerobic exercise, has also been shown to improve insulin sensitivity. By increasing muscle mass, 
resistance training enhances the body's ability to store and utilize glucose, leading to improved glycemic control. 
Combined training, which incorporates both aerobic and resistance exercises, has been shown to be particularly 
effective, offering the benefits of  both modalities. For instance, a 16-week combined training program consisting of  
three sessions per week of  both aerobic and resistance exercises has been shown to improve insulin sensitivity by 
up to 40% in adults with prediabetes. The effectiveness of  structured exercise programs is influenced by factors such 
as intensity, duration, and frequency. Higher-intensity exercise has been shown to produce greater improvements in 
insulin sensitivity, although even moderate-intensity exercise can be beneficial. The duration and frequency of  
exercise also play a role, with longer and more frequent sessions leading to greater improvements in insulin 
sensitivity. 

EFFICACY OF DIETARY INTERVENTIONS 
Dietary interventions have also been shown to improve insulin sensitivity in adults with prediabetes, although the 
magnitude of  the effect varies depending on the type of  diet [15]. Low-carbohydrate diets, which restrict 
carbohydrate intake to less than 50 grams per day, have been shown to significantly improve insulin sensitivity by 
reducing the overall glycemic load and lowering insulin demand. For example, a 12-week low-carbohydrate diet has 
been shown to improve insulin sensitivity by up to 25% in adults with prediabetes [16]. Low-glycemic index diets, 
which focus on consuming foods that cause a slower, more gradual rise in blood glucose levels, have also been shown 
to improve insulin sensitivity. By reducing postprandial glucose spikes, low-glycemic index diets help to stabilize 
blood glucose levels and improve glycemic control. The Mediterranean diet, which emphasizes whole grains, fruits, 
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vegetables, and healthy fats, has been shown to improve insulin sensitivity by reducing inflammation and oxidative 
stress. A 12-week Mediterranean diet intervention has been shown to improve insulin sensitivity by up to 20% in 
adults with prediabetes. The effectiveness of  dietary interventions is influenced by factors such as adherence, 
nutrient composition, and individual variability. Adherence to dietary interventions can be challenging, particularly 
in the long term, and is a key determinant of  their effectiveness. The nutrient composition of  the diet also plays a 
role, with diets that are rich in fiber, healthy fats, and lean proteins being more effective at improving insulin 
sensitivity. Individual variability, such as genetic predisposition and baseline metabolic health, can also influence the 
effectiveness of  dietary interventions. 

COMPARATIVE EFFECTIVENESS 

The comparative effectiveness of  structured exercise programs and dietary interventions on insulin sensitivity in 
adults with prediabetes is a topic of  significant interest. While both approaches have been shown to improve insulin 
sensitivity, the magnitude of  the effect varies depending on the specific intervention and individual factors. 
Structured exercise programs, particularly combined training, have been shown to produce greater improvements 
in insulin sensitivity compared to dietary interventions. For example, a 16-week combined training program has 
been shown to improve insulin sensitivity by up to 40%, compared to a 20% improvement with a 12-week 
Mediterranean diet intervention [17]. However, dietary interventions offer unique advantages, such as the potential 
for greater scalability and accessibility. Dietary interventions can be implemented on a larger scale and do not require 
the same level of  supervision or equipment as structured exercise programs. Additionally, dietary interventions can 
be tailored to individual preferences and cultural practices, making them more sustainable in the long term. The 
choice between structured exercise programs and dietary interventions should be guided by individual preferences, 
goals, and circumstances. For some individuals, a combination of  both approaches may offer the greatest benefits. 
For example, a 12-week intervention combining a Mediterranean diet with a structured exercise program has been 
shown to improve insulin sensitivity by up to 50% in adults with prediabetes. 

PRACTICAL IMPLICATIONS 
The findings of  this review have important implications for clinical practice and public health. Structured exercise 
programs and dietary interventions are both effective strategies for improving insulin sensitivity in adults with 
prediabetes, and the choice of  intervention should be guided by individual preferences and circumstances [18]. 
Healthcare providers should consider offering a range of  options, including structured exercise programs, dietary 
interventions, and combined approaches, to meet the diverse needs of  their patients. Public health initiatives should 
focus on promoting both structured exercise programs and dietary interventions as part of  a comprehensive 
approach to preventing T2DM. Community-based programs, such as group exercise classes and cooking workshops, 
can help to increase access to these interventions and improve adherence. Additionally, public health campaigns 
should emphasize the importance of  early intervention in prediabetes, as improving insulin sensitivity during this 
critical window can significantly reduce the risk of  developing T2DM. 

CONCLUSION 

Structured exercise programs and dietary interventions are both effective strategies for improving insulin sensitivity 
in adults with prediabetes. Structured exercise programs, particularly combined training, have been shown to 
produce greater improvements in insulin sensitivity compared to dietary interventions. However, dietary 
interventions offer unique advantages, such as greater scalability and accessibility, and can be tailored to individual 
preferences and cultural practices. The choice between these approaches should be guided by individual preferences, 
goals, and circumstances, and a combination of  both approaches may offer the greatest benefits. Healthcare providers 
and public health initiatives should focus on promoting both structured exercise programs and dietary interventions 
as part of  a comprehensive approach to preventing T2DM. By improving insulin sensitivity during the critical 
window of  prediabetes, these interventions have the potential to significantly reduce the risk of  developing T2DM 
and its associated complications. Future research should focus on optimizing the delivery and scalability of  these 
interventions, as well as exploring the long-term impact on insulin sensitivity and diabetes prevention. 
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