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Abstract 

Type 2 Diabetes mellitus is the most common form of metabolic disease, accounting for more than 

90% of all diabetes worldwide. The disorder is due to insulin resistance and decreased production of 

insulin and has a massive impact on health in general because of its increasing prevalence, 

complications, and mortality. Factors that predispose an individual to T2DM include non-modifiable 

factors, including genetics, and modifiable ones such as diet, physical inactivity, and prediabetes. Major 

contributors to obesity are abdominal fat, which increases inflammation and oxidative stress. Dietary 

habits include high-calorie diets and unhealthy fats, increasing insulin resistance, whereas 

Mediterranean and low-calorie diets improve metabolic health. Physical activity, including aerobic and 

resistance training, reduces the risk of diabetes by enhancing glycemic control and insulin sensitivity. 

Clinical trials of lifestyle interventions were confirmed to provide efficacy, making diet, exercise, and 

caloric restriction interventions important in the prevention and management of T2DM. Emerging 

evidence in the literature suggests long-chain omega-3 fatty acids are beneficial, and diets rather than 

nutrients are effective against diabetes. An important approach to limit the global rise in diabetes 

incidence is through education and promotion of healthier lifestyles, primarily in high-risk populations. 

 
Keywords: Type 2 diabetes mellitus, insulin resistance, obesity, glycemic control, prediabetes, lifestyle 

interventions 

 

Introduction 

Type 2 diabetes mellitus (T2DM) is a common chronic metabolic disorder and accounts for 

over 90% of diabetes cases worldwide (DeFronzo et al., 2015) [13]. It is characterized by the 

simultaneous presence of both peripheral tissue resistance to insulin, in tissues such as 

skeletal muscle, liver, and adipose tissue, and insufficient production of insulin in the 

pancreatic β-cells. This disorder involves carbohydrate, lipid, and protein metabolism and 

may cause great health and social harm considering the high prevalence, complications, and 

death rate. In 2019, it was estimated that diabetes was present in 9.3% of adults globally, 

with the forecast projecting it will rise to 10.9% by 2045 (González et al., 2022) [2]. Obesity, 

especially central obesity, has an important role in the pathophysiology and management of 

T2DM. Central obesity accounts for 80-95% of T2DM incidences, hence adding to the 

enormity of the medical burden to T2DM. Women with a BMI of between 23 and 24 are four 

times more likely than others with a BMI of 22 or less to develop diabetes, while BMI 

exceeding 35 elevates this risk 93 times over (Astrup, 2001) [4].  

Risk factors for type 2 diabetes (T2DM) are classified into non-modifiable such as age, 

gender, genetics and ethnicity and modifiable including diet, physical activity and 

prediabetes. Prediabetes characterized by high blood glucose and signs of metabolic 

syndrome (MetSy) such as obesity, dyslipidemia and hypertension increases T2DM risk 

substantially. One of the largest contributors is abdominal obesity that causes chronic 

inflammation and oxidative stress. While Body Mass Index is one of the easiest measures for 

obesity a more precise measurement for metabolic disease risk would be waist circumference 

and body fat percentage according to (Derrick et al. 2023) [22]. Risk is further exacerbated by 

recent weight gain, for example, quantity and distribution of fat are responsible for a vast 

majority of cases of diabetes. Dietary habits have a strong influence on fat distribution and 

T2DM risk. PUFA was found to have an association with improved blood glucose control 

and low diabetes risk.  
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On the other hand the impact of SFA varies due to its origin. 

SFA in meat would have a likelihood of increasing the risk 

of developing diabetes but the SFA from dairy may reduce it 

(Brayner et al., 2023) [8]. Understanding the role of diet in 

preventing T2DM through dietary patterns instead of 

isolated nutrients is significant (Gaeini et al., 2019) [14]. 

Physical activity is just as important in the prevention or 

delay of T2DM, regardless of weight status. Regular 

moderate-intensity exercise reduces the risk of diabetes by 

30% and improves glycemic control, reducing glycated 

haemoglobin (HbA1c) by 0.6% (Bazhan et al., 2013) [6]. The 

combination of aerobic and resistance training will improve 

blood glucose regulation, lipid metabolism, and 

cardiorespiratory fitness. Exercise also reduces visceral fat 

and promotes skeletal muscle adaptations that are crucial for 

glucose uptake and metabolism (Liu et al., 2024) [17]. 

Moreover, T2DM results in decreased cardiorespiratory 

fitness, decreased exercise capacity, and increased blood 

pressure responses to exercise (Green et al., 2015) [9]. 

 

Dietary Factors Contributing to Insulin Resistance 

High-calorie diets and unhealthy fat: Such high caloric diets 

have been reported to cause insulin resistance. It elevates the 

level of ceramides in tissue such as the liver, muscle and fat 

affecting insulin function (Mirabelli et al., 2020) [10]. 

Processed Carbohydrates and Unhealthy Fats: Diets with 

high intake of processed carbohydrates and unhealthy fats 

elevate free fatty acids and ceramides, leading to the 

exacerbation of impaired insulin signalling. Furthermore, 

diets rich in these components induce metaflammation 

(chronic low-grade inflammation) and gut microbiota 

imbalances that worsen insulin resistance (Magalhães et al., 

2022) [3]. 

 

Natural Compounds that Enhance Insulin Sensitivity 

Sulforaphane and Oleacein: Sulforaphane, a compound in 

broccoli, and oleacein, an extra virgin olive oil compound, 

have been demonstrated to decrease ceramide levels and 

inflammation, enhancing insulin sensitivity (Mirabelli et al., 

2020) [10]. 

 

Healthy dieting patterns in controlling insulin resistance 

Mediterranean Diet (MD): MD is rich in monounsaturated 

fats, antioxidants, and polyphenols; it is correlated with 

improved insulin sensitivity and has reduced risks for 

obesity, inflammation, and CVD. This diet has been 

observed to prevent metabolic syndrome and T2D (Radu et 

al., 2023) [12]. 

Low-Calorie and Balanced Diets: A hypercaloric (excessive 

calorie) diet causes impairment of insulin sensitivity, 

contributes to weight gain, and results in hyperinsulinemia, 

beta-cell dysfunction, and IR. Balanced eating patterns, such 

as those recommended by the Mediterranean lifestyle, can 

also be protective against these metabolic disorders (Radu et 

al., 2023) [12]. 

 

Meal Timing and Consistency Are Very Important  

Meal Timing: Studies have shown that meal timing and 

consistency are important in the regulation of blood glucose 

levels. To improve insulin sensitivity, late dinners should be 

avoided and most calories and carbohydrates should be 

consumed earlier in the day (Magalhães et al., 2022) [3]. 

 

Effect of dietary fiber on insulin sensitivity and type 2 

diabetes  

Dietary fiber and lifestyle factors significantly affect insulin 

sensitivity and risk of developing type 2 diabetes (T2D). 

Dietary fiber intake especially from cereals, affects 

postprandial glucose and insulin response. The higher the 

fiber intake, especially insoluble fiber, the lower the risk of 

T2D. 

 Low glycemic index (GI) foods: Foods with a low glycemic 

index help reduce glucose elevation and improve glycemic 

control. Diets high in fiber and low-GI foods improve 

glycemic control, lower LDL cholesterol, and lower 

postprandial glucose levels even in people without diabetes 

(Steyn et al., 2004) [18]  

Key factors include smoking, excessive alcohol 

consumption, lack of exercise, and sedentary lifestyle. 1960s 

Since then, childhood obesity has increased, contributing to 

the rise in diabetes in children and adolescents. 

Environmental toxins may also contribute to the increased 

prevalence (Khudair et al., 2024) [16]. 

 

Lifestyle Factors and Prevention of Type 2 Diabetes 

Mediterranean Lifestyle: The Mediterranean lifestyle, 

focusing on a plant-based diet, olive oil, physical activity, 

rest, and socialization, has been related to lower risks of 

metabolic syndrome, cardiovascular diseases, and chronic 

conditions such as T2D. The MEDLIFE index, which 

assesses adherence to this lifestyle, has been shown to relate 

to a reduced risk of diabetes (Rodriguez et al., 2023) [15]. 

Healthy Lifestyle Promotion: Promoting the mediterranean 

lifestyle among non -mediterranean populations may prove 

an effective approach in reducing the increasing number of 

cases of T2D across the globe. 

Physical Activity: Systematic exercise at a moderate to 

vigorous intensity improves insulin sensitivity, reduces A1C 

levels, and prevents diabetes. It controls blood glucose level 

with decreased cardiovascular risk and helps maintain body 

weight. Aerobic activities such as running, cycling, 

resistance training, and stretching promote good health. 

Balance-exercise, tai chi, among others prevent falls and 

also in the elderly (Amanat et al., 2022) [23]. 

 

Evidence from clinical trials and cohort studies 

Clinical trials and cohort studies have established that 

lifestyle and physical activity interventions significantly 

reduce the risk of type 2 diabetes in people with impaired 

glucose tolerance (IGT). The Da Qing Study showed that 

diet or exercise alone reduced the incidence of diabetes. The 

Finnish Diabetes Prevention Study and the U.S. Studies in 

the Diabetes Prevention Program (DPP) demonstrated an 

58% decrease in risk for diabetes through alteration of 

lifestyle, comprising weight loss, moderate-intensity 

exercise, and dietary changes (Husam Hadi Jasim et al, 

2024) [21]. Nonrandomized studies, such as the Malmo study, 

demonstrate the value of lifestyle interventions on the 

incidence and mortality rates of diabetes. Cohort studies 

repeatedly associate greater physical activity and 

cardiorespiratory fitness with a decreased risk for diabetes, 

regardless of population (SIGAL et al., 2004) [11]. 

 

Studies on Exercise in Type 2 Diabetes 

1. Aerobic Exercise: 21 studies with sessions 1-7 times 

per week, mostly 3, lasting 40-75 minutes. Intensity 
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ranged from 50-85% VO₂ max or 55-85% max heart 

rate, with interventions lasting 2 months to 1 year. 

2. Resistance Training: 8 studies with 3 supervised weekly 

sessions, reduced at times to biweekly. The intensity of 

50-80% one-repetition maximum for 8 weeks to 6 

months. 

3. Concurrent Aerobic and RT: 10 studies with 2-5 weekly 

sessions. The intensity of aerobic exercise ranged from 

35 to 85% max HR, and resistance protocols were 

heterogeneous. Interventions lasted between 8 weeks 

and 24 months, with a median duration exceeding 3 

months. 

4. Compliance: Compliance was checked with the usage 

of supervised sessions or activity logs (Chudyk A. and 

Petrella R., 2011) [11]. 

 

Safety of Physical Exercise in Type 2 Diabetes 

For individuals with type 2 diabetes, physical exercise is 

safe, and there are no critical adverse events. Small 

problems include back pain, tendinitis, hypoglycemia, or 

muscle injuries that are associated rarely and have no limits 

or contraindications for adults with type 2 diabetes to 

engage in physical activity, as says (Ribeiro et al. 2023) [7]. 

 

Calorie restriction enhances insulin sensitivity 

Calorie Restriction (CR): Calorie restriction, ensuring ample 

nourishment while lowering energy consumption, prevents 

and managesT2D through improved glucose control and 

obesity. A typical CR study improved insulin sensitivity by 

40% and increased β-cell responsiveness to glucose while 

lowering acute insulin response, (Shakoor et al. 2021) [19]. 

 

Role of Physical Activity 

Physical Inactivity 

Physical inactivity causes a high risk factor of T2D, 

especially in those with other factors like high BMI, 

hypertension, or family history of diabetes. Studies have 

shown that intensive exercise decreases the incidence of 

T2D; also, the physically active have low risk, even at an 

equal level of obesity (Steyn et al., 2004) [18]. 

 

Effect of Long-Chain Omega-3 Fatty Acids 

Omega-3 Fatty Acids: Long-chain Omega-3 fatty acids, 

including EPA and DHA from fish oil, are associated with 

enhanced insulin sensitivity. Human studies correlate 

greater concentrations of these fatty acids in skeletal muscle 

membranes with enhanced insulin sensitivity, implying 

that higher intakes of fish oil may be protective (Hu et al., 

2001) [17]. 

 

Dietary Interventions for Type 2 Diabetes Prevention 

Fats: The Dietary recommendations for the prevention of 

type 2 diabetes include reducing total and animal fats and 

increasing vegetable fats. They recommend higher intakes 

of MUFAs, PUFAs, and omega-3 fatty acids and lower 

intake of SFAs and trans fatty acids (Sivri D. and 

Akdevelioglu Y. et al., 2020) [24]. 

 

Conclusion 

Type 2 diabetes mellitus (T2DM) is a major global health 

challenge that is primarily driven by modifiable lifestyle 

factors, especially diet and physical activity. Abdominal 

obesity and poor dietary habits enhance insulin resistance, 

thereby increasing the risk of T2DM. Conversely, healthier 

dietary patterns like the Mediterranean diet, calorie 

restriction, and optimization of meal timing enhance 

glycemic control and improve insulin sensitivity. Likewise, 

regular physical activity, including aerobic and resistance 

training, is an essential component in preventing T2DM, 

improving glycemic control, and reducing the risk of 

cardiovascular complications. Research on dietary fiber, low 

GI foods, and long-chain omega-3 fatty acids suggests that 

certain nutrients and dietary patterns could prevent or 

control diabetes. 

Lifestyle interventions have thus become the cornerstones 

for the prevention and management of T2DM, as concluded 

based on clinical trials and cohort studies. These can be 

promoted with significant effects in reducing the burden and 

prevalence of diabetes in many parts of the world. 

 

Future Recommendations 
Public education should focus on improving healthy eating 

and active lifestyle initiatives that support the affordability 

of nutritious foods and the availability of physical activity 

spaces to combat type 2 diabetes. This can take the form of 

community-centered programs targeting groups at higher 

risk for developing type 2 diabetes. Scientists can analyse 

how food choices and when meals are taken contribute to 

the disease of diabetes, further refining nutrition science 

which encompasses things such as omega-3 fatty acids. 

Technology also includes the tools of a fitness tracker and 

the mobile app for better prevention and management of the 

disease. Achieving this will require country-specific 

strategies based on individual health needs and international 

cooperation to share the best ideas and solutions to meet the 

diabetes challenge. 
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