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Abstract
Type 2 Diabetes Mellitus (T2DM) is a major and growing public health challenge globally. Nutrition plays a central role both in preventing the onset of T2DM and in managing its progression. Key nutritional strategies include maintaining healthy body weight, optimizing macronutrient composition (especially the quality of carbohydrates and dietary fats), increasing fiber intake, and aligning dietary patterns with individual preferences and metabolic goals. Diets that emphasize whole grains, legumes, fruits, vegetables, nuts, and unsaturated fats, while limiting refined carbohydrates, red and processed meat, sugar-sweetened beverages, and saturated or trans fats have demonstrated benefits in reducing risk of T2DM and improving glycemic control, lipids and other metabolic biomarkers. Emerging evidence also highlights the influence of vitamins, minerals, epigenetics, and gut microbiota in modulating individual responses to diet interventions. While there is no one-size-fits-all diet, dietary patterns such as the Mediterranean diet, low-glycemic index diets, vegetarian or plant-based diets, and modestly reduced-carbohydrate diets have shown consistent efficacy. Personalized nutrition, incorporating medical nutrition therapy as part of multidisciplinary care, can achieve meaningful reductions in HbA1c (often up to 2 %) and other risk factors over 3‑6 months. In sum, nutritional interventions are foundational to both preventing T2DM and optimizing its management, acting synergistically with lifestyle modifications and, where needed, pharmacotherapy.
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1. INTRODUCTION
1.1. Global and Regional Burden of Type 2 Diabetes Mellitus (T2DM)
Type 2 Diabetes Mellitus has emerged as one of the most significant global public health challenges of the 21st century. Characterized by insulin resistance and relative insulin deficiency, T2DM accounts for over 90% of all diabetes cases worldwide. The prevalence of T2DM has been steadily increasing, driven by factors such as aging populations, sedentary lifestyles, and rising rates of obesity. The disease burden of T2DM caused by high body mass index rank among all risk factors Fig. (1) illustrates. The International Diabetes Federation (IDF), approximately 537 million adults (20–79 years) were living with diabetes globally in 2021, and this number is projected to rise to 643 million by 2030 and 783 million by 2045 (IDF, 2021). The disease not only imposes a substantial health burden through its complications such as cardiovascular disease, kidney failure, and neuropathy but also contributes significantly to global healthcare costs and reduced productivity [1].
The International Diabetes Federation (IDF) reported that Europe has a significant T2DM burden, particularly in Southern and Eastern Europe. In countries like Greece, Italy, and Spain, T2DM prevalence is high due to dietary habits, aging populations, and lifestyle factors [2].
The United States has one of the highest rates of Type 2 Diabetes. According to the Centers for Disease Control and Prevention (CDC), nearly 1 in 10 Americans have diabetes, with about 90-95% of those being Type 2 due to higher obesity rates, lower physical activity levels, and poor access to healthcare [3]. 
The American Diabetes Association (ADA) estimates that the total direct and indirect costs of diabetes in the U.S. are $327 billion annually [4].
In 2021, diabetes and kidney disease due to diabetes caused over 2 million deaths. In addition, around 11% of cardiovascular deaths were caused by high blood glucose.
More than half of people living with diabetes did not take medication for their diabetes in 2022. Diabetes treatment coverage was lowest in low- and middle-income countries [5].
[image: C:\Users\ELCOT\AppData\Local\Packages\Microsoft.Windows.Photos_8wekyb3d8bbwe\TempState\ShareServiceTempFolder\IMG_20251021_202356.jpeg]Fig. (1). Burden of T2DM caused by high body mass index rank among all risk factors
1.2. Pathophysiology of T2DM: Insulin Resistance and β-Cell Dysfunction 
The pathophysiology of T2DM involves an interplay of genetic, environmental, and lifestyle factors that lead to alterations in glucose homeostasis, resulting in hyperglycemia and the associated long-term complications. Insulin resistance, a key feature of T2DM, refers to the reduced effectiveness of insulin in promoting glucose uptake into muscle, fat, and liver cells. As a result, there is an increased level of circulating glucose and insulin in the bloodstream. Initially, the pancreas compensates for this resistance by producing more insulin, a condition known as compensatory hyperinsulinemia. Over time, however, pancreatic β-cells become dysfunctional and their ability to secrete insulin declines, further exacerbating hyperglycemia Fig. (2) illustrates.
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Fig. (2). Insulin Resistance and β-Cell Dysfunction
The molecular mechanisms behind insulin resistance [6,7] are multifactorial, involving disruptions in insulin signaling pathways, impaired glucose transporter function, and the presence of inflammatory mediators. Key factors contributing to insulin resistance include obesity.
Free fatty acids in Obesity and dietary factors (like high-fat or high-sugar diets) contribute to the accumulation of lipids and glucose in β-cells, exacerbating dysfunction. The Development of insulin resistance and β-Cell Dysfunction [8].
The management of metabolic syndrome in people with T2DM focuses on improving insulin sensitivity, reducing obesity, and managing cardiovascular risk factors. Lifestyle modifications-Diet, exercise (aerobic and resistance training), and weight loss. Medications: Metformin is commonly used to improve insulin sensitivity in T2DM. Monitoring: Regular monitoring of glucose levels, blood pressure [9].
Central to the pathogenesis is insulin resistance, which leads to:
· Increased free fatty acids, which contribute to inflammation and insulin resistance.
· Impaired glucose metabolism, leading to higher blood glucose levels.
· Dysfunctional lipid metabolism, which increases the risk of atherosclerosis.
1.3. Importance of Nutrition in the Etiopathogenesis and Management of T2DM
Nutrition plays a central role in the etiopathogenesis (the cause and development) of many diseases. The body ability to maintain health and prevent or combat disease is heavily influenced by dietary patterns, nutrient intake, and overall nutritional status. A lack of essential nutrients, such as vitamins, minerals, or amino acids, can result in specific diseases. A lack of essential nutrients, such as vitamins, minerals, or amino acids, can result in specific diseases. Micronutrients like zinc, selenium, and vitamins A, C, and E are essential for the proper functioning of immune cells and the prevention of infections and autoimmune diseases [10,11].
Nutrition is central to managing blood glucose levels in people with T2DM. Diets rich in low-glycemic index (GI) foods, such as whole grains, legumes, and vegetables, have been shown to help stabilize blood sugar levels. The glycemic index refers to how quickly a carbohydrate-containing food raises blood glucose levels. Foods with a low GI cause slower, more gradual increases in blood glucose, whereas high-GI foods lead to rapid spikes in blood sugar levels [12,13].
Obesity is a significant risk factor for the development and progression of T2DM. In many cases, weight loss (even modest weight reduction) has been shown to improve insulin sensitivity, reduce blood glucose levels, and in some cases, lead to remission of T2DM. A well-balanced, calorie-controlled diet that includes nutrient-dense foods can help individuals with T2DM achieve and maintain a healthy weight [14].
Nutrients like fiber, healthy fats (e.g., omega-3 fatty acids), and lean proteins are essential in improving insulin sensitivity. A diet rich in fiber, especially soluble fiber, has been shown to help manage insulin resistance, which is a hallmark of T2DM. Omega-3 fatty acids from sources like fatty fish (e.g., salmon, mackerel) and walnuts have anti-inflammatory effects that help enhance insulin sensitivity and reduce the risk of cardiovascular disease in diabetic patients [15].
Individuals with T2DM are at increased risk for complications such as cardiovascular disease, nephropathy, retinopathy, and neuropathy. A healthy diet can help mitigate these risks. For instance, reducing intake of saturated and trans fats can lower the risk of cardiovascular disease, while an adequate intake of vitamins and minerals, such as vitamin D and magnesium, supports the prevention of diabetic neuropathy [16].
Carbohydrate intake and manage blood glucose level. Originally designed for hypertension, the Dietary Approaches to Stop Hypertension (DASH) diet emphasizes low-fat dairy, fruits, vegetables, and whole grains, which can also support blood sugar management. The intermittent fasting may improve insulin sensitivity and aid in weight management in individuals with T2DM [17].  Chromium: May improve insulin sensitivity.  Magnesium: Low levels of magnesium have been linked with increased insulin resistance. Vitamin D: Insulin resistance is commonly associated with vitamin D deficiency, so maintaining adequate levels may improve insulin sensitivity [18].
2. Dietary Regulation of Adiponectin in Type 2 Diabetes
2.1. Role of Adiponectin in Glucose Homeostasis and Lipid Metabolism
Adiponectin is an adipocyte-derived hormone that plays a crucial role in regulating glucose levels and lipid metabolism. It enhances insulin sensitivity by promoting glucose uptake in skeletal muscle and inhibiting hepatic gluconeogenesis. Additionally, adiponectin facilitates fatty acid oxidation and reduces triglyceride content in muscle and liver, contributing to improved lipid profiles. Low levels of adiponectin are associated with insulin resistance, type 2 diabetes, obesity, and cardiovascular disease.
Adiponectin exerts its effects primarily through activation of AMP-activated protein kinase (AMPK) and peroxisome proliferator-activated receptor alpha (PPAR-α) pathways, which regulate energy balance and lipid catabolism [19-22].
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Fig. (3). Dietary Regulation of Adiponectin in Type 2 Diabetes
2.2. Adiponectin Signaling Pathways and Insulin Sensitivity
Adiponectin is an adipokine secreted predominantly by adipose tissue and plays a crucial role in regulating glucose levels and lipid metabolism. It enhances insulin sensitivity through multiple signaling pathways, primarily involving AMP-activated protein kinase (AMPK), peroxisome proliferator-activated receptor-α (PPAR-α), and p38 MAPK. Fig. (3).  illustrates.
Upon binding to its receptors (AdipoR1 and AdipoR2), adiponectin activates AMPK, which in turn promotes glucose uptake and fatty acid oxidation in skeletal muscle and liver, thereby improving insulin sensitivity. In the liver, activation of PPAR-α by adiponectin enhances fatty acid combustion and decreases gluconeogenesis. These pathways collectively counteract insulin resistance, often observed in obesity and type 2 diabetes [23-26].

2.3. Influence of Nutritional Patterns on Adiponectin Secretion
Nutritional patterns significantly influence adiponectin secretion, thereby affecting metabolic health and insulin sensitivity. Diets rich in monounsaturated fats, omega-3 fatty acids, fiber, and polyphenols such as those found in the Mediterranean diet have been shown to increase adiponectin levels. In contrast, high intake of saturated fats, refined carbohydrates, and excessive calories typical of Western dietary patterns tends to lower adiponectin secretion and contribute to insulin resistance.
Caloric restriction and weight loss, regardless of diet type, are also associated with increased adiponectin levels, particularly the high-molecular-weight form that is most active in enhancing insulin sensitivity [27].
3. Nutritional Approaches in the Prevention of Type 2 Diabetes
3.1. Adiponectin-Rich Dietary Patterns
Adiponectin is an adipokine (a hormone secreted by fat cells) that plays a crucial role in regulating glucose levels and fatty acid oxidation. Fig. (4). and Table 1  illustrates higher levels of adiponectin are associated with reduced risk of insulin resistance, type 2 diabetes, cardiovascular disease and obesity [28-30].
Table. 1. The difference between high and low intake of Foods.
	High intake
	Low intake

	Fruits and vegetables
	Refined carbohydrates

	Whole grains
	Added sugars

	Legumes
	Saturated fats and trans fats

	Nuts and seeds oil
	Processed meats
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Fig. (4). T2DM Approaches
3.2. Plant-Based and Vegetarian Diets
Plant-based and vegetarian diets emphasize the consumption of foods derived primarily from plants, including fruits, vegetables, whole grains, legumes, nuts, and seeds. Vegetarian diets exclude meat, and may or may not include animal products like dairy and eggs, while plant-based diets focus more on whole, minimally processed plant foods and often reduce or eliminate all animal products [31-33].
These diets are associated with numerous health benefits, including:
· Lower risk of cardiovascular disease
· Reduced incidence of type 2 diabetes
3.3. Mediterranean Diet and Its Protective Role
The Mediterranean diet is a traditional dietary pattern originating from countries bordering the Mediterranean Sea [34-36]. Protective roles include:
· Reduced risk of cardiovascular disease
· Improved blood lipid profiles and insulin sensitivity
· Lower incidence of type 2 diabetes and metabolic syndrome
· The Mediterranean diet is also associated with longer life expectancy and better overall quality of life.
3.4. Low-Glycemic Index and High-Fiber Foods
T2DM, managing blood glucose levels is critical. Low-glycemic index (GI) foods, which are digested and absorbed more slowly, help prevent sharp spikes in blood glucose. These foods such as whole grains, legumes, vegetables, and certain fruits improve glycemic control and insulin sensitivity.
High-fiber foods, particularly those rich in soluble fiber, also benefit people with T2DM. Dietary fiber slows glucose absorption, improves postprandial blood sugar levels, and enhances satiety, which can support weight management an important aspect of diabetes care. Combining low-GI and high-fiber diets has been shown to reduce HbA1c levels and cardiovascular risk factors in diabetic patients [37].
3.5. Limiting Ultra-Processed and High-Fat Foods
Limiting ultra-processed and high-fat foods is crucial for managing Type 2 Diabetes (T2D), as these foods can negatively impact blood glucose control, insulin sensitivity, and overall metabolic health. Ultra-processed foods, often high in added sugars, unhealthy fats, and refined carbohydrates, contribute to weight gain, insulin resistance, and inflammation, all of which exacerbate T2D symptoms. Additionally, high-fat foods, particularly those rich in trans fats and saturated fats, can impair insulin function and increase the risk of cardiovascular complications, which are common among individuals with T2D [38,39].
4. Nutritional Interventions in the Management of Established Type 2 Diabetes
4.1. Macronutrient Composition and Glycemic Control
The table 2 below summarizes the effects of various macronutrient distributions on glycemic control and provides contextual insights relevant to dietary planning for T2DM management [40].
Table 2. Macronutrient composition and its impact on glycemic control in T2DM
	Macronutrient Composition (% of total energy)
	Effect of Glycemic Control in DM2
	Comments

	Carbohydrates 45-60%
	Moderate carbohydrate intake generally recommended.
	Carbohydrates primarily influence postprandial blood glucose; sources and quality matter.

	Protein 15-20%
	Higher protein intake improves glycemic control
	Protein reduces post-meal glucose spikes and supports insulin secretion.

	Fat 20-35%
	Mixed effects; MUFA and PUFA fats beneficial, saturated fats limited.
	Fat delays gastric emptying, modulates glucose response; fat source impacts lipids and glycemia.

	Low-Carbohydrate, High-Fat (Ketogenic) Diet
	May improve glycemic control, reduce glucose spikes.
	Carbohydrates restricted to ~10%, protein ~20%, fat ~70%; promotes lipid metabolism over glucose.

	Protein and Fat combined with Carbohydrates
	Protein + fat with carbs reduces postprandial glucose peaks.
	Combining protein with carbs lowers glycemic response compared to carbs alone

	Higher Carbohydrate (>54%) with lower protein/fat
	Less favorable for glycemic control in T2D remission/prevention.
	Suggested for normoglycemia or prevention groups, but reduction in carbs better for remission.


4.2. Micronutrients and Bioactive Compounds in Diabetes Modulation
Micronutrients and bioactive compounds play an important role in modulating diabetes risk and managing T2D through their antioxidant, anti-inflammatory, and insulin-sensitizing effects. Key micronutrients such as magnesium, chromium, zinc, and vitamins like D and C have been shown to improve insulin sensitivity and reduce oxidative stress, which is a contributor to T2DM pathogenesis. Magnesium, for instance, has been associated with better glycemic control and lower insulin resistance (Barbagallo & Dominguez, 2010). Similarly, vitamin D deficiency is linked to impaired insulin secretion and resistance, and supplementation may help improve blood sugar regulation .Bioactive compounds from food sources like polyphenols (found in fruits, vegetables, and tea) and flavonoids can further enhance insulin sensitivity and protect against diabetic complications .Incorporating a diet rich in these micronutrients and bioactive compounds through whole foods like leafy greens, nuts, seeds, and berries can help manage blood sugar levels and improve long-term health outcomes in individuals with T2DM [41-43].
4.3. Functional Foods and Phytochemicals: Antioxidant and Anti-Inflammatory Roles
Functional foods and phytochemicals bioactive compounds found in plant-based foods play a significant role in managing T2D by acting as antioxidants and anti-inflammatory agents. Chronic inflammation and oxidative stress are key contributors to insulin resistance and β-cell dysfunction in T2DM. Phytochemicals such as polyphenols, flavonoids, and carotenoids possess antioxidant properties that help neutralize free radicals, thereby reducing oxidative stress and protecting against cellular damage in individuals with T2DM. Compounds like curcumin (from turmeric), resveratrol (from grapes), and anthocyanins (from berries) have shown anti-inflammatory effects, which can improve insulin sensitivity, reduce blood glucose levels, and prevent complications such as cardiovascular disease [44,45].

4.4. Role of Probiotics and Gut Microbiota in Glycemic Regulation
Probiotics and gut microbiota play a significant role in the regulation of glycemic control in T2DM. The gut microbiota, a complex community of microorganisms residing in the intestines, can influence metabolic processes, including glucose homeostasis. Dysbiosis (an imbalance in gut microbiota) is often observed in T2DM patients, which is linked to insulin resistance, impaired glucose metabolism, and inflammation.
Probiotics, live microorganisms that confer health benefits to the host, can help restore microbial balance and improve gut health. By modulating the gut microbiota, probiotics can enhance insulin sensitivity, reduce inflammation, and improve the integrity of the gut barrier. Some studies have shown that probiotic supplementation can lead to lower fasting blood glucose levels, reduced HbA1c, and better postprandial glucose control [46,47].
5. Mechanistic Insights: Linking Diet, Adiponectin, and Insulin Sensitivity
5.1. Nutritional Modulation of Adiponectin Expression
Adiponectin is a key adipokine secreted by adipose tissue that plays a critical role in regulating glucose metabolism, insulin sensitivity, and fatty acid oxidation. In T2DM adiponectin levels are often reduced, contributing to insulin resistance, inflammation, and metabolic dysregulation. Nutritional interventions have emerged as a promising strategy to modulate adiponectin expression, thereby improving glycemic control and insulin sensitivity in individuals with T2DM [48,49]. Adiponectin secretion:
· Dietary Fat: Monounsaturated Fats, Omega-3 Fatty Acids.
· Dietary Fiber
· Low Glycemic Index (GI) Foods
· Caloric Restriction
· Polyphenols: Flavonoids and Resveratrol
5.2. Impact on Insulin Signaling and β-Cell Preservation
Insulin resistance is primarily driven by factors such as obesity, inflammation, and elevated free fatty acids, which interfere with insulin receptor signaling pathways. Key proteins involved in this process include IRS (Insulin Receptor Substrate), PI3K (Phosphoinositide 3-kinase), and AKT (Protein Kinase B). In T2DM, these pathways are often disrupted, leading to decreased glucose uptake and metabolic dysfunction [50-52].
Insulin resistance is primarily driven by factors such as obesity, inflammation, and elevated free fatty acids, which interfere with insulin receptor signaling pathways. Key proteins involved in this process include IRS (Insulin Receptor Substrate), PI3K (Phosphoinositide 3-kinase), and AKT (Protein Kinase B). In T2DM, these pathways are often disrupted, leading to decreased glucose uptake and metabolic dysfunction [53,54].
5.3. Reduction of Oxidative Stress and Inflammatory Pathways 
Inflammatory pathways are also activated in T2DM, often due to the dysregulation of immune responses in adipose tissue and other organs. Increased levels of pro-inflammatory cytokines like TNF-α, IL-6, and IL-1β contribute to insulin resistance and exacerbate metabolic abnormalities [55]. The pathophysiology of T2DM, focusing on the role of insulin resistance, oxidative stress, and inflammation in the development of the disease [56]. Oxidative stress mechanisms in T2DM and their implications on disease progression [57], inflammatory cytokines and insulin resistance highlighting the critical pathways involved in T2DM [58]. Table 3 illustrates the role of chronic low-grade inflammation in the pathogenesis of T2DM and highlights the key components targeted by various therapeutic strategies [59-62].
 Table 3. Antioxidant, anti-inflammatory with the Mechanism and Key components.
	Nutritional class
	Key components

	Antioxidant Nutrients
	Vit C, E, Polyphenols

	Phytochemicals
	Curcumin, Resveratrol, Anthocyanin

	Omega 3 Fatty Acids
	Fish oil, Walnuts

	Rich Polyphenols
	Cocoa, Olive oil, green Tea

	Natural Supplements 
	Vit D, Curcumin, Resveratrol, Omega 3


Approaches to Reduction
· Antioxidants: A diet rich in antioxidants (vitamin C, E, and polyphenols) has shown potential in reducing oxidative stress. These compounds neutralize free radicals, thereby protecting cells from oxidative damage.
· Anti-inflammatory Agents: Drugs such as metformin and thiazolidinediones (TZDs) have anti-inflammatory effects. Metformin, for instance, reduces the production of ROS and modulates inflammatory cytokines.
· Lifestyle Modifications: Regular physical activity and weight loss can significantly lower both oxidative stress and inflammatory markers in T2DM patients.
· Natural Supplements: Compounds like curcumin, resveratrol, and omega-3 fatty acids have demonstrated the ability to reduce inflammation and oxidative stress, offering additional therapeutic options.
6. Lifestyle and Nutritional Integration for Diabetes Reversal
6.1. Combined Effect of Diet, Exercise, and Weight Management
Recent narrative reviews in the Malaysian population demonstrate that fasting modalities such as intermittent fasting (IF), time-restricted eating (TRE), and fasting-mimicking diets (FMD) significantly complement dietary interventions in achieving T2DM remission. Fasting boosts insulin sensitivity, enhances β-cell regeneration, and reduces hepatic fat accumulation. In addition, combining fasting with plant-based and Mediterranean diets amplifies adiponectin secretion and promotes metabolic flexibility mechanisms that are central to long-term diabetes reversal. A balanced and individualized diet, focusing on nutrient-rich foods and maintaining healthy blood sugar levels, is key for managing T2DM [63-67]. The combined effect of diet on T2DM involves several factors:
Carbohydrate Quality and Quantity: Emphasis on low glycemic index (GI) foods, such as whole grains, legumes, and non-starchy vegetables, helps stabilize blood sugar levels.
Dietary Fiber: High fiber intake from sources like fruits, vegetables, and whole grains has been shown to improve insulin sensitivity and regulate blood sugar levels by slowing down carbohydrate digestion and absorption.
Healthy Fats: Consuming unsaturated fats from sources like olive oil, nuts, and fatty fish can help reduce inflammation and improve insulin sensitivity.
Protein Intake: Adequate protein intake supports muscle mass and helps control appetite.
Weight Management: Diets aimed at achieving or maintaining a healthy weight, such as those with moderate caloric restriction, have shown to improve insulin sensitivity and reduce the risk of complications associated with T2DM. Improved blood glucose control, reduced need for medications, and lower risk of cardiovascular diseases.
Meal Timing and Frequency: Regular meal patterns with balanced macronutrients can help in better glucose control. Some research suggests that smaller, more frequent meals can prevent large fluctuations in blood glucose.
Exercise Frequency: At least 150 minutes of moderate-intensity aerobic exercise or 75 minutes of vigorous exercise per week, combined with strength training exercises at least twice a week.
6.2. Behavioral and Cultural Influences on Dietary Adherence
Islamic fasting practices, including Ramadan fasting and voluntary puasa sunat, are deeply rooted in Malaysia cultural and spiritual traditions. Integrating these practices within diabetes nutritional therapy has demonstrated improved adherence and patient satisfaction. Aligning dietary recommendations with religious fasting cycles and Malay health philosophies (seimbang and berpantang) enhances long-term compliance and holistic well-being.
Knowledge and Education: Lack of knowledge about nutrition and the impact of certain foods on blood sugar levels can impede adherence. Education programs that focus on practical, easy-to-understand information are crucial for improving dietary compliance [68].
Social Support: In some cultures, family plays a significant role in food preparation and eating. Positive family support can reinforce adherence to healthy eating patterns, whereas family traditions and pressure to maintain cultural eating habits may undermine adherence [69].
Asian cultural traditions impact dietary choices and the challenges faced by Asian communities in adhering to Western dietary guidelines for diabetes management. It provides culturally appropriate strategies for improving adherence [70]. The influence of food preferences, family traditions, and community practices in managing T2DM in various cultural groups. It offers insights into integrating cultural values into diabetes care and dietary [71]. The effectiveness of different behavioral interventions, such as cognitive-behavioral therapy and self-monitoring, in improving dietary adherence in individuals with T2D [72].
6.3. Personalized Nutrition and Nutrigenomic Perspectives
Personalized fasting protocols tailored through nutrigenomic profiling could optimize outcomes among obese diabetics. Studies highlight that TRE or IF regimens adapted to individual circadian rhythms and genetic predispositions yield better glycemic and lipid control compared to uniform caloric restriction models. The integration of fasting-responsive genes such as AMPK and SIRT1 may open new frontiers in precision nutritional medicine for T2DM management. 
A growing body of research suggests that by combining genetic information with dietary interventions, healthcare professionals can provide more effective, individualized treatment plans for managing T2DM [73-81]. Precision nutrition in T2DM, therefore, holds promise in helping to prevent the onset of diabetes or delay its progression, improve patient adherence to dietary regimens, and enhance metabolic health.
7. Public Health Implications and Preventive Strategies
From a public health perspective, structured fasting interventions should be recognized as viable adjuncts to nutrition-based preventive programs. National diabetes guidelines in Malaysia could include physician-supervised TRE and Ramadan-based fasting education, emphasizing safe fasting for stable T2DM patients. Culturally grounded health literacy campaigns, integrating Islamic and biomedical narratives, have shown improved engagement and metabolic results, suggesting strong potential for policy inclusion. The condition is associated with significant morbidity and mortality, contributing to an increased risk of heart disease, kidney failure, stroke, and neuropathy [82-86].
· Lifestyle Modification
· Screening and Early Detection
· Community-Based Programs
· Pharmacological Interventions
· Environmental Changes
7.1. Community-Based Nutritional Education
Community-based nutritional education plays a pivotal role in the prevention and management of T2DM. It involves structured interventions delivered within community settings such as schools, workplaces, community centers, and primary healthcare facilities to promote healthier eating habits and improve diabetes-related outcomes. Nutrition education provides the following key benefits for individuals with or at risk of T2DM, contributing to improved metabolic outcomes and sustainable lifestyle changes:
Improved Glycemic Control: Nutritional education helps individuals with T2DM understand carbohydrate counting, portion control, and the glycemic index, leading to better blood glucose regulation [87].
Increased Awareness: It raises awareness about diabetes-friendly diets and debunks common dietary myths prevalent in local communities.
Cost-Effectiveness: Such interventions are relatively low-cost and can be scaled to reach large populations, especially in resource-limited settings [88].
Cultural Relevance: Community-based programs can be tailored to cultural food practices and literacy levels, increasing acceptance and long-term adherence [89].
The Diabetes Prevention Program (DPP) in the U.S. showed that lifestyle changes, including dietary education, reduced T2DM incidence by 58% in high-risk individuals [90].
The FINDRISC-based intervention in Finland successfully used community settings to reduce risk factors for T2DM through lifestyle changes, including nutrition education [91].
7.2. Policy and Dietary Guidelines for Diabetes Prevention
Malaysia dietary and fasting practices offer a culturally congruent model for integrating religious, behavioral, and nutritional strategies in national diabetes policy frameworks. This dual approach supports WHO directive on culturally adaptive health interventions and aligns with public health sustainability objectives by reducing pharmacotherapy burden and improving life quality.
7.2.1. Health Promotion Policies
Health promotion policies play a pivotal role in shaping population-level behaviors and environments conducive to the prevention of T2DM
· Policies that focus on reducing the intake of unhealthy foods, especially sugar-sweetened beverages and high-fat foods, can have a significant impact on T2DM prevention.
· Taxation on sugary drinks and junk food, as seen in countries like Mexico and Hungary, has been linked to reduced consumption and improved public health outcomes [92].
· Urban planning policies that promote physical activity, such as the development of pedestrian-friendly environments and public spaces, are critical in preventing T2DM [93].
7.2.2. Food Labeling and Regulation
Clear nutritional labeling and regulation of food marketing especially to children help consumers make informed decisions about their diets. The implementation of front-of-package labeling in countries like Chile and the U.K. has shown positive effects on reducing unhealthy eating habits [94].
7.2.3. Subsidies for Healthy Foods
Government subsidies for fruits, vegetables, and whole grains can help lower the price of nutritious food and increase accessibility, especially for low-income populations [95].
7.2.4. Dietary Guidelines for Diabetes Prevention
Dietary modification remains a cornerstone strategy in the prevention of T2DM, as it directly influences glucose metabolism, insulin sensitivity, and overall metabolic health.
Balanced Diet: A diet rich in whole grains, vegetables, fruits, lean proteins, and healthy fats (like those from nuts and olive oil) is key in preventing T2DM. The Mediterranean diet has been particularly recommended for its positive effects on blood glucose regulation and weight management [96].
Limiting Refined Carbohydrates and Sugars: Reducing intake of refined sugars, sugary beverages, and foods with high glycemic indices helps maintain stable blood glucose levels and reduces insulin resistance [97].
Portion Control and Caloric Intake: Maintaining a healthy weight through portion control and managing caloric intake is essential. Guidelines recommend reducing overall calorie consumption for individuals at risk for T2DM [98].
Regular Meals and Balanced Macronutrients: Encouraging regular meal patterns (e.g., three balanced meals and healthy snacks) helps manage blood sugar levels and prevent overeating.
7.2.5. Global and National Guidelines
Several international and national health authorities have established dietary guidelines aimed at reducing the global burden of T2DM.
World Health Organization (WHO): The WHO recommends a healthy diet for the prevention of T2DM that includes high fiber foods, reduced intake of free sugars, and limited consumption of fats (WHO, 2020).
American Diabetes Association (ADA): The ADA emphasizes a healthy eating plan that includes whole grains, low-fat dairy, lean meats, and a variety of vegetables. The ADA also advocates for portion control and mindful eating as strategies for managing weight and preventing T2DM (ADA, 2020).
European Food Safety Authority (EFSA): EFSA guidelines emphasize the need for reducing sugar and fat intake, advocating for diets that promote a healthy weight and improve insulin sensitivity (EFSA, 2010).
7.2.6. Effectiveness of Policies and Guidelines
Evidence suggests that policies aimed at improving food environments and promoting healthier diets can lead to reduced T2DM risk in the population. For instance, the Finland Diabetes Prevention Program (DPS), which incorporated both dietary changes and physical activity, showed a 58% reduction in the incidence of T2DM among participants at high risk [99].
Government-led policies, including the introduction of "sugar taxes" and nutritional education, have been effective in lowering the consumption of unhealthy foods and reducing obesity, a key risk factor for T2DM (Cawley & Frisvold, 2015).
7.3. Future Directions in Nutrition-Based Diabetes Management
The management of diabetes through nutrition is evolving rapidly, as emerging research highlights the importance of individualized dietary interventions. Future directions in nutrition-based diabetes management focus on precision nutrition, novel dietary patterns, and advanced technologies for personalized care.
Personalized Nutrition: Advances in genomics and metabolomics are paving the way for tailored dietary strategies based on genetic, microbiome, and metabolic profiles. Precision nutrition aims to optimize glycemic control by identifying how individuals respond to different foods [100].
Plant-Based Diets: The growing body of evidence suggests that plant-based diets, rich in fiber, antioxidants, and low in saturated fats, can improve insulin sensitivity and reduce inflammation, making them a promising strategy for managing diabetes [101].
Low-Carb and Ketogenic Diets: These diets have gained attention for their potential to improve blood glucose control and weight loss in Type 2 diabetes. Research suggests that lower carbohydrate intake may help reduce reliance on medications [102].
Gut Microbiome and Diet: Increasing attention is being paid to the role of the gut microbiome in diabetes. Studies suggest that gut health plays a critical role in blood sugar regulation, and dietary interventions may help modulate the microbiome to improve outcomes in diabetes [103].
Use of Digital Health Tools: Mobile apps, wearable devices, and continuous glucose monitoring (CGM) systems allow for real-time tracking of blood glucose levels and food intake. These technologies help patients make data-driven decisions to manage diabetes more effectively [104].
Intermittent Fasting and Time-Restricted Eating: Emerging research shows that intermittent fasting and time-restricted eating may improve insulin sensitivity and promote weight loss, offering new avenues for diabetes management [105].
8. Conclusion
Nutrition plays an indispensable role in both the prevention and management of T2DM. A carefully planned, balanced diet, rich in whole foods and focused on managing carbohydrate intake, fiber, and healthy fats, is essential in regulating blood glucose levels, enhancing insulin sensitivity, and preventing complications associated with the disease.
In particular, diets emphasizing whole grains, high-fiber foods, plant-based options, and healthy fats contribute to improved metabolic health and better long-term diabetes control. Alongside weight management, a tailored approach to meal timing and nutrient intake offers additional benefits in controlling insulin resistance. The growing evidence supporting dietary strategies such as low glycemic index foods, plant-based eating, and intermittent fasting demonstrates the potential for nutrition to not only prevent the onset of T2DM but also significantly improve the outcomes for those already diagnosed.
As research continues to evolve, personalized nutrition approaches considering factors like genetics, gut microbiome, and individual preferences will play an increasingly important role in optimizing diabetes management. By prioritizing nutrition as part of a comprehensive lifestyle intervention, individuals with or at risk for T2D can achieve better health outcomes, reduce medication reliance, and improve overall quality of life.
In conclusion, nutrition is a cornerstone in both preventing and managing Type 2 diabetes, offering an effective, sustainable, and cost-efficient strategy for combating one of the most prevalent chronic conditions of our time.
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