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ABSTRACT
Diabetes mellitus (DM) is a chronic metabolic condition characterized by high blood sugar levels caused by either insulin resistance or inadequate insulin synthesis. Effective blood sugar management is crucial as type 2 diabetes becomes more prevalent. The low glycemic index (GI) diet has drawn interest because it can help lower insulin resistance and improve glucose regulation. Glycemic index foods are ranked according to how they affect blood sugar levels; foods with a GI of 70 or higher cause sharp spikes, while foods with a GI of 55 or less cause gradual increases. Glycemic load (GL), which accounts for portion size, further refines this. Low-GI diets decrease blood sugar levels, increase insulin sensitivity, and lessen the problems associated with diabetes. Low-GI diets help control weight and reduce the risk of obesity, which is a major contributing factor to type 2 diabetes, as well as controlling the levels of glucose in the blood. Better insulin function and lower risks of sequelae like nephropathy, neuropathy, and cardiovascular disease are among the long-term advantages. There is considerable therapeutic utility in include low-GI foods in diabetic meal planning, even if additional study is required to make specific dietary recommendations. In addition to stressing the need for more study to provide comprehensive dietary advice According to glycemic index and glycemic load, this study emphasizes the clinical need of incorporating low-GI items into diabetic patients' diets.
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1. INTRODUCTION
The hallmark of diabetes mellitus (DM), a chronic metabolic condition, is hyperglycemia, or elevated blood glucose levels. which can be caused by deficiencies in either insulin action or synthesis. One hormone that the pancreas produces, insulin, is essential for controlling blood sugar levels. The cardiovascular, neurological, and renal systems are all affected in the long run by the failure to maintain proper glucose homeostasis.
The macromolecule metabolism disorder known as diabetes mellitus is typified by a weakened body's ability to react to hormones and regulate blood sugar (glucose) levels. 
The endocrine system carries blood sugar into your cells so it can be stored or used as fuel. Your body either makes too few hormones or uses the ones it does create effectively when you have polygenic illness. If left untreated, polygenic disease-induced increased blood sugar might damage your kidneys, eyes, nerves, and other organs. As there are two hundred million diabetics worldwide, it is among the most common metabolic conditions. Endocrine is produced by the duct gland; however, it doesn't operate properly. We refer to this state as endocrine resistance. In order to better comprehend polygenic disease, it is helpful to learn more about the metabolism, the process by which the body turns food into energy. Numerous cells make up your body. The cells require nourishment throughout a really basic type in order to produce energy. A large portion of your meal is converted to aldohexose, a simple sugar, after you eat or drink (Kumar et al., 2020).  Insulin resistance in tissues, insufficient responsiveness to insulin production, and an absence of pancreatic beta cell production of insulin all contribute to this kind of diabetes, which results in uncontrolled blood glucose levels. Although exogenous insulin, or insulin injections, are not required for those who have type 2 diabetes they could require a method to regulate their blood glucose levels if diet or oral glucose-lowering medications are insufficient (Jwad et al.,2022). In today's world, diabetes is a major and dangerous problem. The way of life and current events are key factors in the occurrence of these kinds of severe problems (Kumar et al., 2020).  
1.1 Types of Diabetes Mellitus:
Type 1 diabetes (T1D) 	
In type 1 diabetes, the body's B cells that produce
 insulin are believed to be destroyed. pancreatic islets that are mediated by autoimmune processes. Active T cells inadvertently eliminate beneficial B cells. Autoimmunity is responsible for about 95% of occurrences of type I diabetes. There is less than 5% of idiopathic, and the rate at which pancreatic cells are destroyed varies greatly from person to person, being sluggish in some and quick in others. occurs at any age, but it is more prevalent in children, with the infection peaking in the preschool years. It also strikes infants (Jwad et al.,2022).

Type 2 Diabetes (T2D)
In terms of clinical traits and pathophysiology, it is now increasingly challenging to differentiate between T1D and T2D, the two forms of diabetes. Both types have beta cell inefficiency, and it is thought that the first (fast) form of diabetes will eventually result in insulin resistance that is comparable to the second (slow) kind. This kind of diabetes, formerly known as adult diabetes or non-insulin-dependent diabetes, affects 90–95% of patients with the disease. because diabetes II affects people in later stages of life and manifests at a younger age. It is genetic in nature because genes contribute to the development of diabetes I (Jwad et al.,2022).
Gestational Diabetes Mellitus (GDM)
Any level of hyperinsulinemia at the start or during pregnancy is referred to as gestational diabetes. There are two forms of gestational diabetes mellitus: A1GDM, or diet-controlled GDM, which is manageable without medication and responds to nutritional therapy, and A2GDM. In order to attain proper management of the blood sugar level, medications regulate the sugar. It is evident that a malfunction in the pancreatic beta cells or a delayed reaction of the beta cells to blood sugar levels are the causes of gestational diabetes (Jwad et al.,2022).


Table 1: diabetes types, symptoms and prevention

	Diabetes Type
	Symptoms
	Prevention Methods
	References

	Type 1 Diabetes
	Urinary frequency, extreme thirst, inexplicable weight loss, intense hunger, exhaustion, blurred eyesight, and infections or wounds that don't heal quickly

	A healthy diet is one that is well-balanced and full of fruits, vegetables, and lean meats. Frequent Exercise: five times a week, for 30 minutes. Prevent obesity by maintaining a healthy weight. Blood Sugar Monitoring: Consistent glucose level monitoring. Stress reduction techniques include yoga, meditation, and breathing techniques. Frequent Health Examinations: yearly examinations for early identification
	(ADA2019)
 (Dabelea et al., 2008) National Institute of Diabetes and Digestive and Kidney Diseases. (2020)
(Jwad et al.,2022)

	Type 2 Diabetes
	Increased thirst, frequent urination, exhaustion, blurred eyesight, and wounds that heal slowly Dark skin patches, particularly in the neck or armpits; numbness or tingling in the hands or feet

	A healthy diet consists of fewer processed foods and balanced meals. Frequent Exercise: five days a week, thirty minutes of physical activity. Keeping a healthy weight reduces the likelihood of Type 2 diabetes. Monitoring blood sugar: routine examinations to identify any anomalies. tension management is the process of lowering tension by using relaxation techniques. Frequent health examinations: Frequent screening to discover problems early

	(McCarty et al., 2019) (ADA2020)
(CDC 2021)
(Jwad et al.,2022).

	Gestational Diabetes
	Severe thirst, frequent urination, exhaustion, nausea, blurred eyesight, and inexplicable weight gain or decrease

	Consuming low-glycemic, balanced foods is part of a healthy diet. Frequent Exercise: Mild to moderate exercise. Maintaining a Healthy Weight: Avoid gaining too much weight when pregnant. Blood Sugar Monitoring: To guarantee control, conduct routine glucose testing. Stress management: Yoga and other stress-reduction methods. Frequent medical examinations: tracking blood sugar levels during pregnancy.

	(Metzger et al., 2008) (ACOG 2018)
(Jwad et al.,2022).



1.3 Prevention of Diabetes Mellitus
People at high risk of type 2 diabetes can prevent the disease by altering their lifestyle, taking medicine, or doing both, according to several randomized controlled trials (Kumar et al., 2020). Diabetes mellitus, especially type 2 diabetes, can be avoided with healthy lifestyle choices and early interventions. One of the most effective ways to prevent diabetes is to maintain a balanced diet that is low in foods high in sugar and glycemic index and high in fiber, whole grains, lean proteins, and healthy fats. Consuming low-glycemic foods, such as legumes, vegetables, and nuts, helps maintain stable blood sugar levels. Regular physical activity, such as walking, running, cycling, or strength training, is crucial for maintaining a healthy weight and improving insulin sensitivity. The American Diabetes Association (ADA) recommends engaging in at least 150 minutes of moderate-intensity exercise every week since it has been shown to significantly reduce the risk of diabetes (ADA, 2023).

2. Glycemic Index and Glycemic Load

2.1 Definition and Classification of Glycemic Index
The idea of carbohydrate counting, also known as carbohydrate exchanges, was first proposed in the 1950s with the goal of achieving steady carbohydrate intakes that would likely result in predictable postprandial blood glucose excursions. Furthermore, it was assumed that simple, quickly absorbed carbs produced a greater increase in blood glucose levels than complex carbohydrates (Shyam et al.,2013). One significant factor influencing a food's or meal's glycemic effect is its carbohydrate content. Numerous factors affect a food's GI, such as the kind of starch (amylose vs. amylopectin), the type of sugar (fructose vs. glucose), the type of fiber (soluble vs. insoluble), the processing method, and whether a mixed meal has protein or fat. Instead of measuring the real in vivo impact of a diet on blood glucose levels, this metric measures the digestibility of carbohydrates. it is difficult to predict and quantify in vitro (Marsh et al., 2011). According to the widely recognized convention, foods are classified as "low-GI" if their GI is 55 or less, "medium-GI" if their GI is between 56 and 69, and "high-GI" if their GI is greater than 70. White bread control has a GI rating of 71, whereas pure glucose control has a GI value of 100. It goes without saying that patients attempting to lower their blood glucose levels would be better off eating meals with a lower GI rating (Shyam et al.,2013). 
                               [image: ]
                           Fig. 1. Classification Of Glycemic Index                                                                                                  

Table.2: difference between high, moderate and low gi foods
	Glycemic Index (GI) Category
	
GI Range
	
Characteristics
	
Examples of Indian Foods
	
References

	High Glycemic Index Foods
	 
70 or more
	Blood sugar rises quickly, it is quickly absorbed and processed, it may result in insulin spikes.

	Naan (made with refined flour) with white rice Samosa (fried) with Aloo Tikki (fried potatoes) Pav (white roll of bread) Made with refined rice flour, idly- Pulao (white rice-based dish)

	(Khanna et al., 2014) (Agarwal et al., 2019)
(Shyam et al.,2013)

	Moderate Glycemic Index Foods
	 

56-69
	A moderate insulin response results from a modest rise in blood sugar that is digested at a moderate pace.

	The brown rice Chapati, which is made using whole wheat Dosa, which is prepared with urad dal and fermented rice Pulao made with vegetables and brown rice Poha, which is prepared by flattening rice made with whole wheat, paratha

	(Venn et al., 2004) (Slabber et al., 1997)
(Shyam et al.,2013).

	Low Glycemic Index Foods
	


55 or less
	Blood sugar rises gradually, is digested gradually, and helps sustain constant energy levels.

	Moong Dal (lentils of yellow colour)- Chana, or chickpeas Barley (jau)Saag (spinach) with tofu (paneer produced from soybeans) Sweet potato (shakarkandi) with cabbage (patta gobhi) Low-fat yogurt or curd

	(Ludwig et al., 2002)
(Khanna et al., 2014) 
(Shyam et al.,2013)                                                                                                   




2.3 Concepts of Glycemic Load And Its Clinical Importance
A statistic called the Glycemic Load (GL) evaluates how eating carbs affects blood glucose levels by accounting for both the quantity and caloric content in a serving (glycemic index, or GI). It is computed by multiplying a food's GI by the gram-count of carbohydrates every serving, after which the outcome is divided by 100. This gives a more realistic picture of how blood sugar levels are impacted by a typical meal (Willett et al., 2002). For controlling blood sugar in clinical practice, GL is thought to be more useful than GI alone, particularly for people with diabetes or prediabetes. A standard portion size of 50 grams of carbs is used to calculate GI, which assesses how rapidly a carbohydrate-containing item raises blood sugar levels, however this doesn't always represent typical consumption. However, GL provides a more realistic estimate of how a dish would affect blood sugar by taking into account both the GI and the actual quantity of carbohydrates in a normal serving. Because of this, GL is more useful for controlling blood glucose levels in actual eating patterns. It is more advantageous to concentrate on GL for realistic and efficient blood sugar control. It is recommended that blood sugar levels be checked often. and meals in order to comprehend how each person reacts to various foods (Jenkins et al., 2021). The clinical significance of GL in connection to cardiovascular health has been emphasized by recent investigations. Diets with high glycemic load diets are associated with an increased risk of cardiovascular disease and death, according to a comprehensive study that included over 137,000 participants from various global ethnicities. This emphasizes how crucial it is to develop diets that take into account the quantity and quality of carbs ingested to lower health concerns (Jenkins et al., 2021).
2.4 Physiological Impact of High and Low Gi Foods
Blood glucose levels are rapidly raised by foods with a high glycemic index (GI), which triggers a significant amount of insulin to help cells absorb glucose. These abrupt changes may eventually lead to insulin resistance. Additionally, consuming high-GI foods can quickly raise blood sugar levels. and then fall, which can increase appetite and result in overeating and weight gain. High-GI diets have been connected to a higher risk of type 2 diabetes, cardiovascular disease, and some cancers. Researchers hypothesize that the rate at which the small intestine absorbs glucose is connected to the metabolic impacts of both low and high GI meals. Blood glucose levels rise as a result of the quick absorption of glucose following a high-GI meal. In addition to inhibiting the secretion of glucagon from pancreatic alpha cells, this brief hypoglycemia promotes the quick secretion of insulin by beta cells in the pancreas (Shyam et al.,2013). It has been demonstrated that a low-GI diet be more effective at reducing weight than the typical diabetic diet. Several variables account for this: Low-GI foods are often high in fiber and complex carbs. These lessen excessive energy intake and promote feelings of fullness (Brand-Miller et al.,2003). Foods with a high GI produce a more noticeable rise in glycaemia after a meal. Large volumes of insulin are secreted as a result, and the glucagon concentration decreases, raising the insulin/glucagon ratio (Brand-Miller et al.,2003). On the other hand, low-GI foods can improve glycemic control, which is especially advantageous for those with diabetes, by causing a slow increase in blood glucose. Low-GI foods' slower absorption and digestion provide longer-lasting sensations of fullness, which helps with weight management. Frequent intake of low-GI meals has been linked to a lower incidence of type 2 diabetes and cardiovascular disease. (Visek et al., 2014).
2.5 Factors Affecting the Glycemic Index of The Food
Processing Methods: The standard of the food processing has a big influence on its Gl. Because complex carbohydrates can be broken down into simpler forms that are more quickly absorbed during processing, highly processed foods frequently have a higher GI. For instance, steel-cut oats that have undergone less processing have a lower GI than instant oatmeal. This is because the processing that goes into making instant oatmeal makes more carbohydrates available for rapid digestion (Sivakamasundari et al., 2002).
Cooking Methods: The GI of meals can be changed by cooking times and procedures. Because longer cooking times break down carbs and make them easier to digest, they may raise the Gl. For example, pasta cooked until very soft has a higher GI than pasta prepared al dente. Acids added during cooking, including vinegar or lemon juice, might also reduce the GI of some foods by delaying stomach emptying (Kaur et al., 2023).
Fiber Content: A food's GI is mostly determined by its dietary fibre content, especially its soluble fiber. Because soluble fiber makes intestinal contents more viscous, it slows down the absorption and digestion of carbs, resulting in a decreased glycemic response (Wolever, 1990). Legumes, oats, and some fruits are examples of foods high in soluble fiber that often have a lower Gl. However, there is a complicated link between GI and fiber content. Research has indicated a substantial relationship between GI and total dietary fiber, with a larger association found for insoluble fiber components such as uronic acids (Gaesser et al., 2019).

3. Role Of Low Glycemic Diet in Diabetes Management
3.1 Effect on Blood Sugar Regulation
A more regulated postprandial (after-meal) blood glucose response results from eating low-GI foods, reducing abrupt increases and the sharp drops that follow. This stabilization is essential for preserving steady energy levels and avoiding the weariness frequently brought on by blood sugar swings. Additionally, a low-GI diet can increase insulin sensitivity by lessening the frequency and severity of these spikes, which lowers the total load on pancreatic beta cells (Zafar et al., 2019). Blood sugar regulation is greatly influenced by a low-glycemic index (GI) diet, which is especially advantageous for diabetics. Compared to high-GI foods, low-GI foods raise blood sugar levels more gradually and slowly. The glycemic index rates foods that include carbohydrates according to how they affect blood glucose levels. Enhancing glycemic control in diabetics has been linked to incorporating low-GI items into their diet (Rovner et al., 2009). One indicator of long-term blood glucose control is glycated haemoglobin (HbA1c) has been shown to decrease as a result of such dietary patterns. Furthermore, low-GI meals' delayed digestion and absorption of carbohydrates promotes longer-lasting satiety, which helps with appetite control and supports weight management initiatives two essential aspects of diabetic therapy (Zafar et al., 2019).

3.2 Benefits for Weight Management in Diabetic Patients
Improved glycemic control, increased satiety, and decreased fat formation are the main ways that a low-glycemic index (GI) diet helps diabetic people maintain their weight. Low-GI foods help carbohydrates be absorbed and digested more gradually, avoiding sharp blood sugar spikes and crashes. Because of this consistency, diabetics are better able to regulate their caloric intake by experiencing less hunger and cravings. Low-GI meals may help maintain blood sugar levels over time, which is important since too much insulin encourages the storage of fat, especially around the abdomen (Brand-Miller et al.,2003). Losing weight is essential for type 2 diabetes treatment. because around 90% of those with the disease are obese. Despite much studies on the best diet for type 2 diabetes, there is still debate on the makeup of macronutrients, with the exception of the advice to limit saturated fats (Parker et al., 2002). Furthermore, by preserving steady postprandial glucose levels, which lowers the chance of overeating and aids in portion management, low-GI foods support long-term weight loss. Additionally, studies have demonstrated that people who follow a low-GI diet see improvements in their waist circumference and body mass index (BMI), two metrics that are critical for controlling type 2 diabetes and averting metabolic consequences (Schwingshackl et al., 2013). This six-month intervention research showed that, in comparison to the regular diet, lowering the dietary GI of traditional diets improved glucose tolerance and reduced body weight in women with a history of GDM. Greater fasting levels of insulin in the low GI group were associated with the most benefits in weight reduction and dysglycemia. (Shyam et al., 2013). A low-GI diet can lessen the threat of cardiovascular illnesses, which are common consequences in diabetic patients, improve insulin sensitivity, and reduce inflammation by encouraging appropriate weight control. Therefore, adding low-GI foods to a balanced diabetes diet can have a big impact on weight regulation and glycemic control.
3.3 Impact in Insulin Sensitivity and Resistance
 In order to effectively manage and prevent type 2 diabetes, a low-glycemic index (GI) diet has been demonstrated to improve insulin sensitivity and lower insulin resistance. Insulin sensitivity is the extent to which cells inside the body respond to insulin and permit the bloodstream to absorb glucose. It has been demonstrated that a low-GL diet and regular exercise improve the responsiveness to insulin. Obese individuals who had a low-GI diet showed a significant decrease in insulin resistance and postprandial hyperinsulinemia, according to a study (Solomon et al., 2010). Levels: Low-GL diets help blood glucose levels increase gradually, which reduces the amount of insulin secreted after meals. Maintaining insulin sensitivity is aided by this action, which reduces postprandial hyperinsulinemia (Kahleova et al., 2018). Dietary changes that include low-GI foods can help improve insulin sensitivity and lower insulin resistance, which will help manage and prevent type 2 diabetes (Solomon et al., 2010).
4. Mechanism Behind Low GI Food Benefits
Low-GI carbohydrates are absorbed from the gastrointestinal tract more slowly and gradually, preventing hypoglycemia during the postprandial phase following ingestion. Insulin sensitivity rises as a result, free fatty acid levels fall, and there is less trigger for insulin release. As a result, insulin sensitivity rises, free fatty acid levels fall, and there is less trigger for insulin release. Therefore, the metabolic response to the subsequent meal may be impacted by the effects of consuming a low GI meal. Reduced rates of absorption and digestion, resulting in a longer interval of fasting between each mealtime, are probably the mechanisms underlying this "second-meal effect." It has been demonstrated that consuming a low-GI meal before bed suppresses postprandial glucose levels at breakfast as well as nocturnal free fatty acid levels, maybe as a result of decreased nocturnal lipolysis. Patients with insulin-dependent diabetes mellitus can also avoid nocturnal hypoglycemia by eating a low-GI meal in the evening. More recently, it has been shown that low-GI meals also lower blood glucose and insulin sensitivity through decreased oxidative stress. Oxidative stress is a disturbance in the balance between the production of radicals that are free of oxygen and antioxidant capacity. Increased oxidative stress is linked to diabetes in general, and it seems to play a significant part in both the micro- and macro-angiopathic complications of the disease. It has been demonstrated that low-GI diets decrease oxidative stress by lowering the concentration of lipid peroxidation indicators and raising total antioxidant capacity (Kumar et al., 2020).
5. Challenges And Limitations of Low Glycemic Index Based Diets
Complexity and Practicality: A low-GI diet might be difficult to comprehend and follow. Food combinations, cooking techniques, and ripeness all affect a food's GI, making it challenging for people to consistently select low-GI items. Accurate dietary planning is also made more difficult by the scarcity of comprehensive GI databases (Grant et al., 2011).
Restricted Food Options and Social Restrictions: Following a low-GL diet may limit your options for food, particularly when dining out or going to social gatherings. This restriction may cause long-term adherence to the diet and cause emotions of deprivation. According to studies, these practical and social limitations frequently make it difficult for people to follow a low-GI diet (Grant et al., 2011).
Inconsistent Weight Management data: Although some research indicates that low-GI diets may help people lose weight, the data is still mixed. Low-GI diets only produced moderate weight reductions, according to A synthesis and a systematic examination highlighting the need for more comprehensive strategies to manage obesity (Zafar et al., 2019).
Personalized Strategies Are Needed: A one-size-fits-all strategy for low-GI diets might not work because of the individual differences in glycemic reactions and lifestyle factors. Better adherence and results require customized food planning that takes into account individual preferences, metabolic reactions, and cultural considerations (Grant et al., 2011).

4. CONCLUSION
There are several advantages to managing diabetes mellitus by implementing a diet low in glycemic index (GI), including better blood glucose regulation, increased insulin sensitivity, and slowed disease development. Understanding the impact of diverse carbohydrate-rich diets on the level of blood sugar requires a grasp of both the glycemic index and glycemic load (GL)Because they are absorbed and digested more slowly, unlike high-GI foods, which cause your blood sugar levels to rise abruptly, low-GI foods cause them to rise gradually. Patients with diabetes benefit from this continuous release of glucose because it helps keep blood sugar levels steady throughout the day, lowering the need for frequent insulin injections and enhancing glycemic control in general. Additionally, a low-GI diet is crucial for enhancing insulin sensitivity, which is a major defence against insulin resistance, which is common in type 2 diabetes. Low-GI diets can stop the long-term harm that insulin resistance causes by lessening the strain on the pancreatic cells that produce insulin. These diets also help people manage their weight better, which is important for diabetes treatment and lowering the risk of related comorbidities including obesity and cardiovascular disease. Low-GI foods' satiety benefits and blood sugar-stabilizing properties aid with appetite control and prevent overeating. All things considered; it is impossible to overestimate the clinical significance of low-GI diets for diabetic patients. A low-GI strategy provides both immediate and long-term advantages in blood sugar regulation, weight control, and general metabolic health when used as part of an all-encompassing diabetes care plan. Even though more study is necessary to completely understand the possibilities of low-GI meals, the information that is already available clearly supports their ability to help to reduce the risk of problems and enhance the standard living for diabetics. As a result, medical professionals ought to think about implementing low-GI dietary guidelines while treating diabetic patients.
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