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Abstract 

Type 2 diabetes mellitus (T2DM), a prevalent chronic metabolic disease, is characterized by progressive β-cell dysfunction, insulin resistance, and impaired 

glucose homeostasis. Nutritional management plays a pivotal role in both the prevention and treatment of T2DM by influencing glycemic control, lipid profiles, 
and inflammatory markers. Recent evidence demonstrates that the quality of macronutrients, in addition to their quantity, significantly impacts metabolic 

outcomes in individuals with diabetes. Diets rich in plant-based proteins, unsaturated fatty acids, and low-glycemic index carbohydrates have been associated 

with improved postprandial glucose regulation and enhanced insulin sensitivity. The specific micronutrients such as vitamin D, magnesium, and chromium 
have shown beneficial effects on glucose uptake and insulin signaling pathways. Structured dietary patterns, including the DASH and Mediterranean diets, 

have consistently yielded positive clinical outcomes, such as glycemic stability and reduced diabetes-related complications. Mechanistically, these dietary 

interventions influence critical metabolic processes, including lipid oxidation, mitochondrial function, and enzymatic activity related to glucose transport. The 
increased intake of dietary fiber is linked to improved gut microbiota composition and elevated production of short-chain fatty acids, which exert insulin-

sensitizing and anti-inflammatory effects. The importance of personalized nutrition tailored to individual metabolic profiles, cultural factors, and genetic 

predispositions is increasingly recognized in achieving optimal therapeutic outcomes. This review underscores the multifaceted role of diet in diabetes 
management and highlights the need to integrate customized nutritional strategies into routine clinical practice for sustainable metabolic control and enhanced 

quality of life in patients with T2DM. 

Keywords: Nutritional therapy, Glycemic control, Type 2 diabetes, Insulin resistance, Metabolic pathways 

Received: 30-05-2025; Accepted: 02-07-2025; Available Online: 25-07-2025 

This is an Open Access (OA) journal, and articles are distributed under the terms of the Creative Commons Attribution-NonCommercial-ShareAlike 4.0 License, 
which allows others to remix, tweak, and build upon the work non-commercially, as long as appropriate credit is given and the new creations are licensed under 

the identical terms. 

 

For reprints contact: reprint@ipinnovative.com 

1. Introduction 

1.1. Global burden of type 2 diabetes mellitus 

Globally, type 2 diabetes mellitus (T2DM) remains a serious 

public health emergency with profound clinical and 

economic consequences. According to the International 

Diabetes Federation’s (IDF) Diabetes Atlas, 11th Edition 

(2025), approximately 589 million adults aged 20 to 79 

years—around 1 in 9 individuals (11.1%) are currently living 

with diabetes. This figure is projected to rise sharply to 852.5 

million (13.0%) by the year 2050, indicating a significant 

global health challenge.. Due mostly to population growth, 

aging, urbanization, and rising obesity rates, this number is 

expected to rise to 643 million by 2030 and 783 million by 

2045. Over 90–95% of all instances of diabetes are type 2 

diabetes, and it is closely linked to consequences like stroke, 

ischemic heart disease, chronic kidney disease, lower limb 

amputations, and blindness. In 2021, diabetes-related 

medical expenses worldwide totaled USD 966 billion, a 

316% rise over the previous 15 years. In low- and middle-

income nations, where over 75% of diabetes cases are 

recorded and access to preventative and treatment 

interventions is frequently restricted, this burden is 

especially significant. Table 1 provides an overview of risk 

factors and global diabetes statistics.1,2  

1.2. Interconnection between diet, lifestyle, and type 2 

diabetes 

The etiology and pathophysiology of type 2 diabetes are 

significantly influenced by dietary and lifestyle choices. 
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Unhealthy diets, which are defined by a high consumption of 

ultra-processed foods, refined carbohydrates, trans fats, and 

sugary beverages, have been linked to weight gain, chronic 

inflammation, and increased insulin resistance in a number 

of cohort and intervention studies. On the other hand, diets 

high in fibre, antioxidants, whole grains, monounsaturated 

fats, and phytochemicals have been associated with better 

insulin sensitivity and a lower risk of type 2 diabetes. People 

in the highest percentile of Mediterranean diet adherence had 

a 30% lower risk of acquiring type 2 diabetes than people in 

the lowest quintile, according to a pooled analysis of data 

from the Nurses’ Health Study and the Health Professionals 

Follow-Up Study.3,4 According to Malik et al. (2010), regular 

intake of sugar-sweetened beverages is also linked to a 26% 

higher risk of type 2 diabetes for every 330 mL consumed 

daily.5 Poor food habits and physical inactivity also work 

together. Increased insulin resistance, reduced glucose 

tolerance, and increased belly fat are all independently linked 

to prolonged periods of inactivity. Muscle glucose uptake is 

decreased by inactivity, which exacerbates hyperglycemia.6 

Table 1: Global diabetes statistics and risk factor 

overview1,2  

Category Detail 

Global 

prevalence 

(2021) 

537 million adults (10.5% of global 

adult population) 

Projected cases 

by 2045 
783 million adults 

Economic cost 

(2021) 

USD 966 billion in health 

expenditures 

% of T2DM 

cases 
~90–95% of all diabetes cases 

Key modifiable 

dietary risks 

High intake of refined carbs, 

saturated/trans fats, sugar-sweetened 

beverages, low fiber intake 

Protective 

dietary patterns 

Mediterranean diet, DASH diet, 

plant-based diets, low glycemic index 

diets 

Increased 

T2DM risk per 

sugary drink 

26% increase per 330 mL/day) 

Magnesium 

intake and 

diabetes risk 

15% lower risk per 100 mg/day 

increase 

HbA1c 

reduction 

through diet 

0.5–2.0% decrease from nutritional 

therapy (varies by intervention) 

 

1.3. Significance of evidence-based nutritional interventions 

Clinical care and prevention of type 2 diabetes depend 

heavily on nutrition therapy, which is based on dietary 

guidelines supported by evidence. Structured nutritional 

therapies can considerably lower HbA1c levels by 0.5% to 

2.0%, according to meta-analyses of randomized controlled 

trials (RCTs). This effect is frequently comparable to that of 

first-line pharmaceutical medicines like metformin. 

Glycaemic and cardiometabolic benefits have been 

consistently shown by plant-based diets and the Dietary 

Approaches to Stop Hypertension (DASH) diet. Magnesium, 

zinc, chromium, and vitamin D are examples of 

micronutrients that may help improve insulin sensitivity and 

pancreatic β-cell function. For instance, according to a meta-

analysis by Dong et al. (2011), the risk of diabetes was 

inversely correlated with dietary magnesium consumption, 

with a 15% risk reduction for every 100 mg/day increase.7 It 

is becoming better acknowledged that the gut bacteria plays 

a part in metabolic control. Improved insulin signalling and 

decreased systemic inflammation have been associated with 

diet-induced alterations in the composition of the 

microbiome, such as enhanced synthesis of short-chain fatty 

acids. Therefore, a new area in diabetes treatment is the use 

of tailored nutrition strategies that take metabolic indicators, 

gut flora, and genetics into account. Evidence-based 

nutritional interventions are essential parts of successful 

diabetes prevention and treatment plans, not just 

supplements.8 

2. Pathophysiology of Diabetes Mellitus 

A complicated combination of insulin resistance, pancreatic 

β-cell dysfunction, altered glucose and lipid metabolism and 

a persistent pro-inflammatory state results in chronic 

hyperglycemia, which is a hallmark of type 2 diabetes 

mellitus (T2DM), a multifactorial metabolic illness. 

Developing focused nutritional therapies for illness 

prevention and long-term management requires an 

understanding of these underlying pathways.9 

2.1. Insulin resistance and β-cell dysfunction 

One of the hallmarks of type 2 diabetes is insulin resistance, 

which develops when peripheral tissues, especially the liver, 

skeletal muscle, and adipose tissue, are unable to react 

appropriately to circulating insulin. High blood glucose 

levels result from this defect's impairment of glucose uptake 

and storage. Pancreatic β-cells make up for this in the early 

stages by secreting more insulin. However, β-cell fatigue and 

death are ultimately caused by glucotoxicity, lipotoxicity, 

and persistent metabolic stress. Insulin resistance gives way 

to overt diabetes when β-cell bulk and function gradually 

decline. Crucially, this decline is not linear; rather, it 

quickens under ongoing metabolic stress, making glycaemic 

control even more challenging.10 

2.2. Role of glucose and lipid metabolism 

Lipid and glucose metabolism are closely synchronized in 

healthy people in order to preserve energy homeostasis. This 

equilibrium is upset in type 2 diabetes. In insulin-sensitive 

organs, impaired glucose transport and phosphorylation raise 

hepatic gluconeogenesis and decrease glycogen production. 

At the same time, insulin resistance is exacerbated and 



48 Khuspe et al / IP Journal of Nutrition, Metabolism and Health Science 2025;8(2):46–53 

insulin signalling pathways are compromised by 

dysregulated lipid metabolism, which is typified by 

increased free fatty acids, enhanced de novo lipogenesis, and 

ectopic fat deposition. Hyperglycemia and hyperlipidemia 

are made worse by the ensuing metabolic inflexibility, which 

restricts the body's capacity to transition between substrates 

effectively.11 

2.3. Oxidative stress and inflammation 

Because it damages cells and hinders the action of insulin, 

oxidative stress is a major factor in the pathophysiology of 

type 2 diabetes. The overproduction of reactive oxygen 

species (ROS) in mitochondria is caused by an excess of 

available nutrients, especially glucose and fatty acids. These 

ROS harm pancreatic β-cells, decrease GLUT4 

translocation, and disrupt insulin signalling cascades. 

Additionally, low-grade chronic inflammation is linked to 

type 2 diabetes. Pro-inflammatory immune cells penetrate 

adipose tissue, particularly visceral fat, and release cytokines 

including MCP-1, IL-6, and TNF-α. In addition to inhibiting 

insulin signalling, these cytokines also increase hepatic 

insulin resistance and foster a systemic inflammatory 

environment that sustains metabolic dysfunction.12,13 

3. Macronutrient Composition and Glycaemic Control 

In order to effectively treat type 2 diabetes mellitus (T2DM), 

dietary interventions must take into account both the 

distribution and quality of macronutrients in addition to total 

calorie intake. The interaction of proteins, lipids, and carbs 

has a major impact on insulin sensitivity, postprandial 

glycaemia, and general metabolic health. Customizing 

nutritional solutions for diabetic management requires a 

mechanistic understanding of how each macronutrient class 

influences glucose metabolism.14 

3.1. Carbohydrate quality: glycemic index and glycemic 

load 

The key factor influencing blood glucose levels is still 

carbohydrates. However, the glycaemic index (GI) and 

glycaemic load (GL) of diets high in carbohydrates have a 

significant influence on their metabolic impact. Insulin 

resistance and β-cell exhaustion are accelerated by high-GI 

meals, which cause sharp increases in postprandial glucose 

and insulin demand. Low-GI foods, on the other hand, 

promote better glycaemic stability and lessen metabolic 

stress by causing a slow absorption of glucose. This idea is 

further refined by glycaemic load, which combines the 

quantity and quality of carbohydrates. Low glycaemic load 

diets are linked to better insulin dynamics and decreased 

glucose excursions. People with type 2 diabetes can improve 

their long-term glycaemic control by optimizing their 

carbohydrate profile by include whole grains, legumes, and 

non-starchy vegetables.15,16 

3.2. Protein intake and insulin sensitivity 

Protein has intricate impacts on the metabolism of glucose. 

Dietary protein increases insulin secretion and can improve 

satiety, which can help with weight management even if it 

has little immediate effect on glycaemia. By stimulating 

insulin signalling pathways, proteins high in branched-chain 

amino acids (BCAAs) may enhance peripheral tissues' 

absorption of glucose. However, consuming too much 

protein, especially from animal sources, can have the 

opposite impact by raising oxidative stress and 

gluconeogenesis. A balanced protein diet that prioritizes 

plant-based sources may thereby promote insulin sensitivity 

while reducing metabolic load.17,18 

3.3. Fat type and its metabolic impact 

When determining metabolic outcomes in type 2 diabetes, 

the quality of dietary fat has a greater impact than its total 

quantity. Because they change the fluidity of membranes 

and interfere with the action of insulin receptors, saturated 

fats have been linked to making insulin resistance worse. 

On the other hand, monounsaturated and polyunsaturated 

fatty acids, especially omega-3 fats, improve lipid 

metabolism and support anti-inflammatory signalling. In 

insulin-sensitive tissues, unsaturated fats improve adipokine 

profiles, decrease ectopic fat deposition, and alter gene 

expression linked to glucose and lipid oxidation. Improved 

insulin action and cardiovascular outcomes are linked to 

substituting healthy unsaturated fats, like those found in 

nuts, seeds, and fatty fish, for saturated fats in diabetic 

populations. The effect of macronutrient content on 

glycaemic control in type 2 diabetes mellitus is shown in 

Table 2 19

 

Table 2: Impact of macronutrient composition on glycaemic control in type 2 diabetes mellitus 17-19 

Macronutrient Key Parameters Metabolic Impact Mechanistic Insights 
Recommended 

Sources 

Carbohydrates 
Glycemic Index (GI), 

Glycemic Load (GL) 

High-GI → rapid 

glucose spikes; Low-GI 

→ improved glycemic 

control 

Modulates 

postprandial insulin 

secretion and glucose 

absorption 

Whole grains, 

legumes, non-starchy 

vegetables 

Protein 
Type (animal vs plant), 

Quantity, BCAA content 

Enhances satiety and 

insulin response; 

excessive intake may 

Stimulates insulin 

secretion; influences 

glucose uptake and 

Legumes, soy, fish, 

lean poultry, nuts 
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increase 

gluconeogenesis 

hepatic glucose 

production 

Fats 

Saturated vs Unsaturated 

(MUFA, PUFA, Omega-

3) 

Saturated fats impair 

insulin action; 

unsaturated fats 

improve metabolic 

flexibility 

Regulates membrane 

fluidity, gene 

expression, and 

adipokine signaling 

Olive oil, flaxseed, 

fatty fish, avocados, 

nuts 

4. Micronutrients in Diabetes 

Essential vitamins and trace elements are examples of 

micronutrients that are vital regulators of metabolic integrity 

and cellular function. They are extremely important in the 

pathogenesis and treatment of type 2 diabetes mellitus 

(T2DM) due to their roles in insulin production, secretion, 

and action. Hyperglycaemia, insulin resistance, and 

oxidative stress—all indicators of type 2 diabetes—can be 

made worse by inadequate consumption or changed 

metabolism of particular micronutrients. In addition to the 

larger function of antioxidant nutrients in reducing oxidative 

damage linked to diabetes conditions, this section examines 

the impacts of important micronutrients, including 

magnesium, chromium, zinc, and vitamin D.20 

4.1. Magnesium: A crucial catalyst in glycemic homeostasis 

For many of the enzymes involved in glucose and energy 

metabolism, including those that control ATP-dependent 

phosphorylation processes, magnesium is an essential 

cofactor. Insulin receptor activation and downstream 

signalling pathways are directly impacted, especially the 

insulin receptor substrate (IRS)-phosphatidylinositol 3-

kinase (PI3K)-Akt axis, which controls the absorption of 

glucose and the production of glycogen. Reduced cellular 

insulin sensitivity, decreased glucose transport, and impaired 

insulin receptor activity can result from magnesium 

insufficiency, which is frequently seen in people with poorly 

managed diabetes. Magnesium also affects the kinetics of 

insulin secretion by regulating calcium flux in β-cells. 

Intracellular insufficiency is made worse by its loss through 

increased urine excretion in hyperglycemic conditions, 

creating a vicious cycle that leads to increasing metabolic 

failure.21 

4.2. Chromium: Enhancer of insulin potentiation 

By regulating insulin receptor kinase activity and improving 

the cellular absorption of glucose, chromium, an important 

trace mineral, helps insulin work. It is a component of 

chromodulin, a low-molecular-weight chromium-binding 

molecule that sustains receptor activation to enhance insulin 

signalling. Increased insulin needs, raised fasting blood 

glucose, and reduced glucose tolerance have all been linked 

to chromium deficiency. Chromium facilitates GLUT4's 

translocation to the plasma membrane in muscle and adipose 

tissue, which is an essential stage in insulin-mediated glucose 

elimination. According to new research, chromium may also 

help lower the amount of glucose produced by the liver and 

lessen the inflammatory processes that are connected to 

insulin resistance.22 

4.3. Zinc: Structural and functional role in insulin 

metabolism 

For insulin molecules to remain structurally intact and for 

pancreatic β-cells to store and secrete insulin effectively, zinc 

is essential. It facilitates the correct release of insulin in 

response to glucose stimulation by encouraging the 

crystallization of insulin in secretory granules. In addition to 

its role in insulin metabolism, zinc is a cofactor for many 

antioxidant enzymes, including Cu/Zn superoxide 

dismutase, which shield cells from oxidative stress brought 

on by hyperglycaemia. Additionally, zinc has anti-

inflammatory and anti-apoptotic qualities that help maintain 

the mass and function of β-cells. Zinc deficiency in diabetes 

is associated with heightened oxidative damage, slowed 

wound healing, and weakened immunological responses, 

which make people more vulnerable to infections. 23,24 

4.4. Vitamin D: A multifaceted modulator of glucose 

homeostasis 

Traditionally known for its function in the metabolism of 

calcium and bone, vitamin D also has a major impact on 

immunological modulation and glucose regulation. Vitamin 

D receptors (VDRs) and the enzyme 1-α-hydroxylase are 

expressed by pancreatic β-cells, allowing for local activation 

of vitamin D and autocrine signalling. Vitamin D increases 

the expression of the insulin gene and supports the survival 

of β-cells through transcriptional control mediated by VDR. 

Furthermore, by modifying calcium-dependent signalling 

pathways implicated in glucose transport, it enhances insulin 

receptor sensitivity in peripheral tissues. Additionally, 

vitamin D affects the innate and adaptive immunological 

responses, lowering oxidative stress and the release of pro-

inflammatory cytokines, both of which are factors that lead 

to insulin resistance. Patients with type 2 diabetes often have 

hypovitaminosis D, which is linked to a higher risk of 

cardiovascular problems and metabolic syndrome.25 

4.5. Antioxidants and oxidative stress mitigation in diabetes 

Excessive reactive oxygen species (ROS) are produced by 

persistent hyperglycaemia through the activation of the 

polyol and hexosamine pathways, mitochondrial 

dysfunction, and glucose autoxidation. This oxidative stress 

speeds up diabetic consequences like retinopathy, 
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neuropathy, and nephropathy, interferes with insulin 

signalling, and damages endothelial function. Carotenoids, 

zinc, selenium, and vitamins C and E are examples of 

antioxidant micronutrients that improve cellular antioxidant 

defence systems and neutralize ROS. While vitamin E 

shields lipid membranes from peroxidation, vitamin C, a 

water-soluble antioxidant, scavenges free radicals and 

regenerates damaged vitamin E. Selenium limits oxidative 

damage by catalysing the reduction of peroxides by its 

incorporation into glutathione peroxidase. In diabetics, 

adequate consumption of these micronutrients maintains 

vascular and metabolic integrity, lowers inflammatory 

signals, and promotes redox balance. A key element of 

comprehensive diabetic management is micronutrient 

sufficiency. In addition to affecting insulin secretion and 

action, magnesium, chromium, zinc, and vitamin D also alter 

oxidative and inflammatory pathways that are essential to the 

pathophysiology of diabetes. It may be possible to improve 

glycaemic control, increase metabolic resilience, and lower 

the risk of chronic problems in people with type 2 diabetes 

by making sure they are getting enough of these 

micronutrients through their diet or supplements.26 

5. Dietary Patterns and Diabetes 

The regulation of metabolic function in people with T2DM 

is largely dependent on dietary patterns. Current approaches 

emphasize the synergistic benefits of whole-diet frameworks 

over isolated nutrients. These patterns have therapeutic and 

preventative implications for diabetes by influencing insulin 

dynamics, glucose homeostasis, lipid metabolism, and 

inflammatory responses. Because of their distinct metabolic 

effects, several dietary models including the Mediterranean, 

DASH, low-carbohydrate, plant-based, and ketogenic diets, 

as well as intermittent fasting have attracted substantial 

clinical interest.27-28 

5.1. Mediterranean diet 

1. Target Population: Suitable for individuals with 

T2DM, metabolic syndrome, or those at high 

cardiovascular risk. 

2. Duration: Recommended for long-term adoption as a 

sustainable lifestyle pattern. 

3. Benefits and Mechanisms of Action: The 

Mediterranean diet is rich in plant-based foods (fruits, 

vegetables, legumes, whole grains, nuts), with 

moderate intake of fish and poultry, and abundant 

monounsaturated fats, mainly from extra virgin olive 

oil. It exerts cardiometabolic benefits through anti-

inflammatory and antioxidant effects that enhance 

insulin sensitivity. The polyphenol and unsaturated fat 

content lowers oxidative stress, regulates adipokine 

release, and improves endothelial function. Dietary 

fibre delays gastric emptying and glucose absorption, 

moderating postprandial glycaemia. Omega-3 fatty 

acids from fatty fish support hepatic lipid metabolism 

and protect β-cell function. 

4. Demerits/Risks: May be cost-prohibitive or culturally 

challenging for some populations due to reliance on 

fresh produce and olive oil. Adherence may decline 

without structured support or education.29 

5.2. DASH Diet 

1. Target Population: Initially designed for hypertensive 

individuals, but suitable for T2DM patients, especially 

those with co-existing hypertension or dyslipidemia. 

2. Duration: Safe and beneficial for long-term 

implementation. 

3. Benefits and Mechanisms of Action: Emphasizes fruits, 

vegetables, whole grains, lean meats, nuts, and low-fat 

dairy while limiting sodium, saturated fats, and added 

sugars. Glycaemic control is achieved via essential 

micronutrients like potassium, magnesium, and calcium, 

which aid in insulin signalling and glucose uptake. 

Reduced sodium intake enhances peripheral insulin 

delivery by lowering vascular resistance. The high-fibre 

content improves satiety, lipid metabolism, and reduces 

fasting blood glucose and HbA1c levels. 

4. Demerits/Risks: Limited flexibility for those with 

lactose intolerance or low access to low-fat dairy and 

fresh produce; may require adaptation in some cultural 

contexts.30 

5.3. Low-carbohydrate and plant-based diets 

1. Target Population: Low-carb diets are suited for 

overweight T2DM patients with high insulin resistance; 

plant-based diets are ideal for those seeking 

cardiovascular protection, or with ethical/environmental 

concerns regarding animal products. 

2. Duration: Low-carb diets are generally followed short-

to-medium term; plant-based diets can be maintained 

long-term. 

3. Benefits and Mechanisms of Action: Low-carb diets 

reduce glycaemic load, increase fat oxidation, and 

reduce insulin demand through restricted glucose intake. 

Enhanced hepatic gluconeogenesis supports stable 

blood glucose levels. Plant-based diets, rich in 

antioxidants, polyphenols, and fibre, improve insulin 

sensitivity, promote SCFA production via gut 

fermentation, and lower systemic inflammation. They 

also reduce saturated fat intake, benefiting lipid profiles 

and reducing cardiovascular risks. 

4. Demerits/Risks: Low-carb diets may lead to nutrient 

deficiencies, ketosis, or poor adherence. Plant-based 

diets require careful planning to avoid deficiencies in 

vitamin B12, iron, and omega-3 fatty acids. 
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5.4. Ketogenic diet 

1. Target Population: Selected T2DM patients requiring 

rapid glycaemic control or those with obesity-related 

insulin resistance; should be supervised medically. 

2. Duration: Typically applied short-term (up to 6 

months); long-term use is debated. 

3. Benefits and Mechanisms of Action: The ketogenic 

diet (KD), a high-fat, very-low-carb regimen, induces 

ketosis, shifting the body’s energy dependence from 

glucose to ketones. It enhances insulin sensitivity, 

lowers fasting insulin, and reduces glycaemic 

variability. It promotes hepatic fatty acid oxidation 

and reduces appetite via ketone signalling, indirectly 

assisting weight loss and caloric control. 

4. Demerits/Risks: Long-term use is associated with 

potential hepatic fat accumulation, dyslipidemia, 

micronutrient deficiencies (e.g., magnesium, 

selenium), and gastrointestinal disturbances. Requires 

careful medical monitoring.31,32 

5.5. Intermittent fasting and glucose metabolism 

1. Target Population: T2DM individuals with adequate 

glycaemic control and under clinical supervision; 

especially those with obesity or metabolic syndrome. 

2. Duration: Effective when practiced routinely over 

weeks to months; long-term sustainability varies 

individually. 

3. Benefits and Mechanisms of Action: Involves 

structured eating and fasting periods (e.g., 5:2 diet, 

alternate-day fasting, or time-restricted feeding). 

Fasting lowers insulin and raises glucagon, 

stimulating lipolysis and free fatty acid utilization. 

These changes reduce hepatic glucose output, 

improve insulin sensitivity, enhance mitochondrial 

function, decrease oxidative stress, and activate 

autophagy mechanisms relevant to β-cell preservation 

and metabolic flexibility. 

4. Demerits/Risks: Risk of hypoglycaemia in individuals 

on insulin or sulfonylureas; may affect adherence and 

social eating habits. Not suitable for individuals with 

a history of eating disorders, pregnant women, or 

underweight patients.33 

Each dietary pattern influences metabolic parameters 

critical for T2DM management in distinct ways. 

Mediterranean and plant-based diets confer long-term 

cardiometabolic benefits, while low-carbohydrate and 

ketogenic diets address immediate glycaemic concerns. 

Intermittent fasting introduces a hormone-mediated strategy 

for metabolic optimization. Ultimately, individualized 

dietary interventions tailored to clinical profiles, preferences, 

cultural background, and comorbidities remain essential for 

achieving durable glycaemic control and improved quality of 

life in people with diabetes.34 

6. Metabolic Mechanisms of Nutritional Intervention 

For the purpose of creating focused treatment strategies for 

type 2 diabetes mellitus (T2DM), it is essential to 

comprehend the metabolic processes via which nutritional 

interventions alter glucose homeostasis. Enzymatic activity, 

endocrine signaling, and gut microbial interactions are only 

a few of the intricate biochemical and hormonal processes 

that are influenced by nutrition. Glycemic response and 

insulin efficiency are determined by these mechanisms taken 

together.35 

6.1. Enzyme-catalyzed reactions in glucose metabolism 

Important enzyme-catalysed processes in glucose 

metabolism are directly impacted by the nutritional makeup 

of cells. The type and availability of dietary carbohydrates 

affect the rate-limiting enzymes of glycolysis, including 

pyruvate kinase, phosphofructokinase, and hexokinase. 

Postprandial glycaemia is more stable when diets that 

prioritize low-glycaemic index carbs slow down the 

enzymatic breakdown of glucose. Higher dietary fibre and 

specific micronutrients also cause the gluconeogenic 

enzymes glucose-6-phosphatase and phosphor enol pyruvate 

carboxykinase to be down regulated, which lowers the 

amount of glucose produced by the liver. Reduced systemic 

glucose levels and enhanced insulin sensitivity are supported 

by nutritional manipulation of these enzymatic activity.36 

6.2. Hormonal responses: insulin, glucagon, and incretins 

Hormonal dynamics that are essential for glucose 

management are significantly impacted by nutritional intake. 

Although dietary protein and fat have an impact on incretin 

hormones including glucagon-like peptide-1 (GLP-1) and 

glucose-dependent insulinotropic polypeptide (GIP), glucose 

is the primary stimulant of insulin production. These gut-

derived peptides help regulate postprandial glycaemic 

management by suppressing glucagon secretion and 

increasing insulin release in a glucose-dependent way. It has 

been demonstrated that plant-based and high-fibre diets 

improve incretin sensitivity, which in turn promotes effective 

insulin signalling. Saturated fat-rich diets, on the other hand, 

can disrupt these hormonal processes and exacerbate insulin 

resistance. 

6.3. Modulation of gut microbiota and short-chain fatty 

acids (scfas) 

The makeup of the gut microbiota is extremely sensitive to 

dietary inputs, and it plays a crucial role in metabolic control. 

Short-chain fatty acids like acetate, propionate, and butyrate 

are produced by colonic bacteria using fermentable fibers 

and resistant starches as substrates. Through a number of 

pathways, such as increased GLP-1 production, greater gut 

barrier integrity, and control of systemic inflammation, these 

SCFAs support glucose homeostasis. Specifically, butyrate 
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supports mitochondrial function and provides colonocytes 

with energy, which indirectly affects insulin sensitivity. 

Therefore, dietary therapies that support the generation of 

SCFA and microbial diversity are crucial for re-establishing 

metabolic balance in people with type 2 diabetes.38 

7. Challenges and Future Directions 

7.1. Individualized nutrition and the promise of 

nutrigenomics 

Because type 2 diabetic mellitus (T2DM) is a heterogeneous 

condition, the idea of customized diet has become more and 

more relevant. Standardized dietary guidelines are beneficial 

in general, but they frequently ignore the differences in 

metabolic reactions between individuals. A precision-based 

paradigm for customizing nutritional therapies is provided by 

the discipline of nutrigenomics, which studies the 

relationship between diet and gene expression. Genetic 

variations in genes linked to inflammation, lipid metabolism, 

and insulin signalling can have a big impact on how a person 

reacts to macro and micronutrients. Thus, by matching 

nutritional therapies to each patient's unique molecular 

profile, a genotype-informed dietary approach may improve 

therapeutic success. The actual application of nutrigenomics 

in clinical practice is still developing, nevertheless, and calls 

for reliable bioinformatics tools, verified biomarkers, and 

easily accessible testing facilities.39 

7.2. Cultural and socioeconomic barriers to dietary 

adherence 

Even with the availability of evidence-based dietary 

guidelines, practical adherence is still a significant challenge, 

especially for varied populations. Dietary practices are 

influenced by a variety of factors, including cultural 

preferences, food availability, educational attainment, and 

financial limitations. It can be difficult to carry out dietary 

programs that emphasize whole grains, lean proteins, and 

fresh produce in low-resource environments since access to 

nutrient-dense, high-quality foods is frequently restricted. 

The necessity for culturally relevant teaching and 

intervention techniques is further highlighted by the 

possibility that traditional beliefs and eating habits would 

clash with medical recommendations. In order to achieve 

equitable diabetes care, these inequities must be addressed.40 

7.3. Synergizing nutritional and pharmacologic therapies 

Although pharmaceutical treatment and nutritional therapy 

are frequently viewed as separate approaches, their 

combination can have beneficial effects on the management 

of type 2 diabetes. For example, dietary changes that increase 

insulin sensitivity can increase the efficiency of oral 

hypoglycemics, possibly lowering the dosage and related 

adverse effects. On the other hand, medications that alter 

hunger or the absorption of nutrients can help people stick to 

their diet. For dietary and pharmaceutical interventions to be 

aligned in a coherent, patient-centred way, coordinated care 

models involving dietitians, endocrinologists, and primary 

care physicians are crucial. For the best clinical results, 

future work should concentrate on developing protocols that 

balance various therapeutic domains. 

8. Conclusion 

With a focus on their mechanistic and clinical significance, 

this review has described the complex role that dietary 

treatments play in the prevention and treatment of Type 2 

Diabetes Mellitus (T2DM). Beyond calorie quantity, diet 

quality has a direct impact on lipid metabolism, insulin 

sensitivity, glycaemic management, and inflammatory 

reactions. The metabolic accuracy of customized dietary 

strategies is highlighted by nutrient-specific effects, such as 

dietary fibre modifying gut microbiota, unsaturated fats 

boosting lipid profiles, and low-glycaemic index carbs 

improving postprandial glucose levels. Magnesium, 

chromium, and vitamin D are examples of micronutrients 

that are essential for oxidative stress reduction, insulin 

receptor sensitivity, and enzymatic modulation. It has been 

repeatedly shown that structured dietary patterns, such as the 

DASH and Mediterranean diets, are effective in lowering 

problems associated with diabetes and stabilizing blood 

sugar levels. Nutritional therapy works with complicated 

metabolic networks that include hormone control, enzyme-

catalysed glucose utilization, and mitochondrial energy 

production, in contrast to medication, which targets 

individual pathways. In addition to being a therapeutic tool, 

nutrition also provides a platform for patient empowerment, 

facilitating better adherence and long-lasting lifestyle 

changes. The next step in precision diabetic management is 

personalized nutrition, which combines genetic, metabolic, 

and cultural aspects to provide tailored strategies for the best 

results. To reduce the growing worldwide burden of type 2 

diabetes, healthcare practitioners must collaborate across 

disciplines and intervene early in at-risk populations. 

Nutrition should therefore be seen as a key component of 

diabetes prevention and therapy, rather than just supportive 

care. Nutritional treatment provides a thorough, economical, 

and physiologically sound approach to re-establishing 

metabolic balance and enhancing long-term health by 

coordinating molecular findings with therapeutic 

application. 
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