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Abstract
Diabetes is a prevalent chronic condition necessitating effective dietary interventions for management. This chapter explores the efficacy of different dietary approaches, with a specific focus on low-carbohydrate and plant-based diets, in managing diabetes. Research indicates that both dietary approaches contribute to improved glycemic control and overall health outcomes in individuals with diabetes. Low-carbohydrate diets exhibit particular effectiveness in reducing blood sugar levels, while plant-based diets demonstrate the potential to enhance insulin sensitivity and reduce cardiovascular disease risk. Nevertheless, potential drawbacks include nutrient deficiencies in plant-based diets and high saturated fat intake in low-carbohydrate diets. Further research is essential to determine the optimal dietary strategies for diabetes management and to develop effective strategies to promote long-term adherence to healthy dietary habits among individuals with diabetes.
Keywords: Diabetes; Dietary approaches; Low-carbohydrate diet; Plant-based diet; Blood sugar control; Insulin sensitivity; Nutrient deficiencies.


I. INTRODUCTION
[image: ]The body’s main energy source is derived from blood glucose obtained through food consumption. Diabetes, a metabolic disorder, is marked by high blood sugar and compromised pancreatic insulin production, leading to lasting damage to the heart, blood vessels, eyes, nerves, and kidneys, including nephropathy, retinopathy, and cardiovascular complications. The main types are Type 1 diabetes (T1D) and Type 2 diabetes. T1D is an autoimmune disorder characterized by the destruction of pancreatic beta cells, influenced by genetic factors and environmental triggers, typically occurring during adolescence. It accounts for approximately 5-10% of all diabetes cases, and is entirely dependent on insulin injections or insulin pump therapy to regulate their blood sugar levels. Unlike type 2, It is not directly associated with body weight or obesity. The destruction of beta cells results in little to no insulin production in the body. Family history of Type 1 diabetes, genetic predisposition, and certain viral infections are considered risk factors. Prediction models based on genetic factors have been developed to identify individuals at risk of developing T1D, enabling proactive monitoring and interventions. However, genetic factors alone do not fully explain the development of the disease. The Eisenbarth model, proposed in recent years, delineates three key stages in the natural history of T1D (Primavera et al., 2020). Stage 1, known as the "asymptomatic phase," is characterized by the presence of autoantibodies (at least two islet autoantibodies), normal blood sugar levels, and absence of symptoms. Stage 2 involves the presence of multiple autoantibodies and abnormal glucose metabolism without diabetes. Finally, Stage 3, referred to as "clinical diabetes," is marked by the manifestation of diabetes-related symptoms (Figure 1). The optimal management for type 1 diabetes involves insulin therapy, regular blood sugar monitoring, healthy eating, physical activity, and careful carbohydrate management. The duration and progression between stages remain uncertain. Forecasting and preventing T1D pose significant challenges for medical professionals and researchers, necessitating a thorough understanding of each phase of this complex condition.
Figure 1. Development of type 1 diabetes
Type 2 diabetes, which is more common than type 1, is characterized by elevated blood sugar levels brought on by insulin resistance and decreased insulin production. Despite being able to happen at any age, it often begins to manifest in maturity. The primary cause is a combination of genetic and lifestyle factors, with obesity, physical inactivity, and unhealthy eating habits playing significant roles. Excess body weight, particularly central obesity, increases the risk of developing type 2 diabetes. Management of type 2 diabetes involves lifestyle modifications, including adopting a healthy eating pattern, engaging in regular physical activity, and managing body weight. Medications may be prescribed to improve insulin sensitivity, stimulate insulin secretion, or regulate blood sugar levels. In some cases, insulin therapy may be necessary. Regular monitoring of blood sugar, blood pressure, and cholesterol levels is crucial for effectively managing and preventing complications. Patient education, support, and self-care practices are essential for long-term management. For effective control and complication prevention, continuous management is essential in type 2 diabetes, necessitating close collaboration between individuals and their healthcare providers to tailor a personalized management plan aligned with their specific needs and circumstances. Type 2 diabetes arises from pancreatic beta cell impairment, hindering insulin utilization. Microvascular and macrovascular complications, like retinopathy, nephropathy, neuropathy, and cardiovascular comorbidities, frequently occur in T2D individuals. Genetic and environmental factors contribute to the pathophysiological abnormalities causing disrupted glucose homeostasis. Primary treatment aims to maintain normal blood glucose levels. Options include exercise, dietary adjustments, insulin therapy, and psychological counseling (Chung et al., 2020). Despite the requirement for medicine and insulin therapy, patient-centered initiatives to educate themselves about nutrition and exercise to reduce complications have also grown in importance. The importance of dietary education necessitates training, counselling, and diet management (Silva et al., 2013). A significant decrease in body mass index (BMI), glycated haemoglobin (HbA1c), and fasting blood sugar levels can all be attributed to dietary education interventions, according to earlier research. These interventions have also been shown to significantly lower the risk of microvascular complications and cardiovascular disease.
In managing T2D, blood glucose levels can be managed with diet alone or in conjunction with hypoglycemic medications. Different diets with different food compositions cause changes in the gut microbiome and metabolites, which are in charge of the body's overall glucose metabolism. For instance, different diets with varying amounts of amino acids can change plasma concentrations of branched-chain amino acids (BCAAs), associated with a higher risk of T2D. An increase in fibre and protein in the diet reduced the participant's fasting glucose levels and altered the quantity of Akkermansia muciniphila (Guo et al., 2020). The usefulness of various dietary regimens in controlling diabetes is examined in this review, with a special emphasis on low-carbohydrate and plant-based diets.
II. LOW-CARBOHYDRATE DIETS
Low-carbohydrate (low-carb) diets have been used as a weight loss approach since 1860 and more recently in 1972. This approach continues to be popular in contemporary times. Although all forms of low-carb diets aim to reduce overall carbohydrate intake, there is a lack of consensus regarding a standardized definition for what constitutes a low-carb diet. Within the context of diet composition, the three primary macronutrients include protein (providing 4 kcal/g), fat (providing 9 kcal/g), and carbohydrates (providing 4 kcal/g). Consequently, the term 'low carbohydrate' has been defined diversely across research studies. It may refer to either the total daily carbohydrate quantity or as a proportion of the daily macronutrient intake. Distinguishing from very low-carb diets, often characterized by an absolute carbohydrate amount, typically less than 70 grams per day, other gradations of dietary carbohydrate are typically established based on the proportion of total energy consumption. With a reduction in total caloric intake, the relative energy derived from carbohydrates escalates (Fig. 2). For instance, a carbohydrate intake of 200 grams could be categorized as moderate for an energy intake of 1,500 calories, high for 1,200 calories, and moderately low for 2,000 calories.
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Figure 2. Role of plant diet in improving health of the heart


A. Mechanisms of action in managing diabetes
Carbohydrate restriction has historically played a pivotal role in glycemic control for both type 1 and type 2 diabetes, predating pharmaceutical interventions. Minimizing dietary carbohydrates can effectively aid in glycemic control by reducing insulin demands (Feinman et al., 2015). Recent research has demonstrated that adopting ketogenic strategies significantly reduces reliance on insulin and oral medications, resulting in lowered haemoglobin A1c levels and sustained intervention adherence over 12 months (Chen et al., 2019; McKenzie et al., 2017). Furthermore, favorable changes in cardiometabolic risk factors have been observed (Bhanpuri et al., 2018). A comprehensive study and meta-analysis have provided low-quality evidence supporting the effectiveness of low-carb approaches in enhancing type 2 diabetes remission, while maintaining safety (Goldenberg et al., 2021a). Recent recommendations have suggested low carb as a possible strategy to nutritional lifestyle and diabetes (medical nutrition treatment) (Davies et al., 2018; Evert et al., 2019). Recent prospective and randomized controlled trials have repeatedly shown benefits from a very low carb diet (less than 14% of energy from carbohydrates) for glycemic control, weight loss, and persistent medication reduction.
B.  Evidence for the effectiveness of low-carbohydrate diets in managing diabetes
Despite a growing body of research supporting the efficacy of low-carbohydrate diets (LoCHO) and their increasing acceptance, clinicians remain reluctant to recommend them, particularly for high-risk populations who have not benefited from traditional low-fat diets. This hesitation partly arises from the association of carbohydrate restriction with the controversial Atkins diet, criticized for advocating unlimited fat consumption. Health organizations have been slow to endorse carbohydrate-restricted diets, despite evidence linking excessive carbohydrate intake to metabolic irregularities in diabetes and insulin resistance. Some researchers, in line with prior discussions, tend to downplay the advantages of LoCHO diets (Vernon et al., 2004). The perception of rapid weight loss in LoCHO diets has often been linked to changes in body water content rather than fat loss (Fig 3). However, various studies indicate that this transient water shift normalizes within two to three weeks, leading to actual fat mass reduction (Brehm et al., 2003; Freedman et al., 2001; Volek et al., 2004). Recent research revealed that adopting a low-carb diet led to a daily energy deficit of 1027 kcal and a reduction in average daily caloric intake from 3111 to 2164 kcal. Weight loss was proportional to the calorie deficit and attributed to fat mass reduction rather than water loss.
Claims of unrestricted fat consumption causing long-term weight gain and obesity in low-carb diets lack substantiation (Franz et al., n.d.). It's essential to recognize that the type of fat consumed carries greater significance than overall fat intake. Saturated fats correlate with increased cardiovascular risk, while monounsaturated and polyunsaturated fats exhibit opposite associations.
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Figure 3. Role of low carbohydrate diets in blood glucose level
C.  Reduction in blood sugar levels
Dietary carbohydrate restriction correlates with diminished glycemic control and related factors like body mass and lipid profile. To ascertain a diet's impact on glycemic control, it's crucial to differentiate between the effects of carbohydrate reduction and weight loss, thus determining whether the diet benefits glycemic control independently of weight changes. This distinction was exemplified in a short-term study involving weight-stable individuals with diabetes. Carbohydrate restriction significantly decreased glycosylated hemoglobin (HbA1c) compared to a high-carbohydrate control diet (8.1% to 7.3%, p < 0.05), demonstrating its favorable influence on glycemic control even without substantial weight loss(Sheard et al., 2004). In a subsequent study conducted by the same researchers, a low-carbohydrate intervention (20% carbohydrates, 30% protein, 50% fat) demonstrated even more favorable effects on glycemic control compared to the control diet (55% carbohydrates, 15% protein, 30% fat) (Gannon et al., 2003) among 8 diabetic men in a randomized 5-week crossover design with a 5-week washout period. Despite equal weight loss between the two diets, the low-carb diet exhibited lower HbA1c levels (7.6% ± 0.3), glucose levels, and insulin levels compared to the high-carb group (HbA1c 9.8% ± 0.5). These results demonstrate that the benefits of a low-carb diet for glycemic control are mostly due to carbohydrate restriction as opposed to weight loss, which is independent of weight loss. 
A low-carbohydrate (LoCHO) diet with 20% carbohydrates demonstrated a notable reduction in body weight, BMI, fasting blood glucose, and HbA1C at 6 months compared to the high-carbohydrate group with 60% carbohydrates in a recent trial of obese diabetic people. The low-carb diet group also exhibited a significant decrease in insulin demand and hypoglycemic medication usage. The study by Samaha et al. (Foster et al., 2003a) further demonstrated that diabetic participants following a low-carb diet had lower mean fasting plasma glucose (FPG) levels than those on a low-fat diet. To summarize, the advantageous impact of the LoCHO diet on glycemic control proved consistently significant, regardless of weight loss, particularly in studies maintaining sufficient carbohydrate restriction (Foster et al., 2003a). Moreover, other research indicated that weight loss alone marginally enhanced glycemic control, comparable to the outcomes of a low-fat diet. Ultimately, a low-carbohydrate diet exhibits potential in notably ameliorating glycemic control, leading to a notable decrease in the requirement for exogenous insulin or oral hypoglycemic medications.
D. Improvement in other health outcomes 
D.1. Weight Loss
Low-carbohydrate diets have been associated with significant weight loss in individuals with diabetes (Merrill JD, et al 2020, Arora SK, et al 2005, Eleni et al 2023). By restricting carbohydrate intake and focusing on higher protein and fat consumption, these diets can lead to reduced calorie intake and improved satiety, which can contribute to weight loss. Plant-based diets, particularly those that emphasize whole foods and limit processed foods, can also contribute to weight loss in individuals with diabetes (Jardine et al., 2021a; McMacken & Shah, 2017) . Plant-based diets tend to be high in fiber and low in saturated fat, promoting feelings of fullness and supporting weight management (Kahleova et al., 2011; Najjar & Feresin, 2019). 
D.2.  Blood lipid levels
Low-carbohydrate diets have been shown to favor blood lipid profiles in individuals with diabetes (Arora & McFarlane, 2005; Pavlidou et al., 2023). They can lead to reductions in triglycerides, an increase in high-density lipoprotein (HDL) cholesterol (the “good cholesterol”), and improvements in the ratio of total cholesterol to HDL cholesterol, which are all markers of improved cardiovascular health (Eric C Westman et al 2008). Plant-based diets, especially those that prioritize the consumption of healthy fats, such as monounsaturated and polyunsaturated fats found in nuts, seeds, and avocados, can also positively impact blood lipid levels (Satija et al., 2016). These diets tend to be low in saturated fat and cholesterol, which can help reduce low-density lipoprotein (LDL) cholesterol (the “bad” cholesterol) and promote a healthier lipid profile. It is important to note that the specific effects on weight loss and blood lipid levels may vary among individuals, and the success of any dietary approach in achieving these outcomes depends on various factors such as adherence, individual metabolic response, and overall dietary quality. Additionally, it is crucial to consider the overall dietary pattern rather than solely focusing on isolated nutrients or macronutrients when assessing the impact on health outcomes. Further research is needed to understand better the long-term effects of low-carbohydrate and plant-based diets on weight management and lipid profiles in individuals with diabetes. Additionally, it is essential to consider the individual’s medical history, preferences, and cultural factors when recommending and implementing dietary approaches for diabetes management. Regular monitoring and guidance from healthcare professionals are vital to ensure optimal results and overall health.
E.  Potential drawbacks of low-carbohydrate diets
For any dietary modification to be effective long-term, it must align with the individual's preferences and practicality. Acceptance is influenced by the diet's feasibility and, crucially, the satisfaction it offers upon adoption. Regrettably, the pleasurable hedonic outcomes of eating are predominantly attributed to the consumption of carbohydrates, particularly in combination with fats. Sweet foods are inherently appealing, posing a challenge for a low-carbohydrate diet (LCD) as it might render low-carb options less flavorful. Consequently, reduced enjoyment of eating could hinder sustained adherence to the LCD. Moreover, the successful adoption of the LCD often entails limiting food diversity, elevating the risk of nutritional deficiencies, and hampering consistent adherence. Another potential limitation lies in the LCD's potential to compromise athletic performance. A study involving elite endurance athletes demonstrated that training with an LCD, accompanied by a high-fat diet (HFD), diminished performance despite an increase in peak aerobic capacity (Burke et al., 2017). This contrasted with diets offering ample carbohydrate availability. Nevertheless, the literature has limited evidence to suggest notable effects of the LCD on physical endurance and performance for most adherents.
E.1.  Risk of nutrient deficiencies
Adopting a low-carbohydrate diet (LCD) may heighten the risk of severe hypoglycemia in individuals with Type 1 Diabetes Mellitus, as glucagon's effectiveness is compromised by depleted glycogen stores in such cases (Turton et al., 2018). The LCD's dietary restrictions, often combined with caloric restriction for weight loss, could lead to nutritional deficiencies, including minerals, vitamins, and trace elements, as well as bone health issues, kidney stones, and potential growth problems, typically evident after three months of usage (Sampaio, 2016). Moreover, the limited dietary fiber intake in the LCD, primarily due to the emphasis on high-fat and high-protein animal-based foods, may lead to constipation and other health complications. Imbalances in macronutrient intake may result in adverse long-term effects, including dyslipidemia and reduced glomerular filtration rate, especially in those with mild renal impairment. Additionally, low- and high-carbohydrate diets are associated with higher mortality rates, while a plant-based diet with 50-55% of daily calories from carbohydrates presents the lowest mortality risk. The LCD's insufficiency in plant-based foods, like vegetables and legumes, might elevate mortality risk due to reduced essential micronutrients, such as polyunsaturated fatty acids (PUFA).
E.2.  High saturated fat intake
Extensive research conducted on laboratory animals strongly corroborates the hypothesis linking high-fat diets to reduced insulin activity, with saturated fats demonstrating the most adverse effects. In light of these findings, along with the recognized cardiovascular disease risks associated with excessive saturated fat consumption, professional organizations like the American Diabetes Association, American Heart Association, and U.S. Department of Agriculture have advocated for maintaining total fat intake at or below 30% of caloric intake while prioritizing foods low in saturated fat. Nonetheless, certain authors (Taubes, 2001) have challenged the validity of the evidence supporting these public health recommendations, suggesting that the proportion of total energy from total fat might not be paramount for type 2 diabetes prevention (Hu et al., n.d.).
The latest study strengthens the conventional advice to limit saturation and total fat.  According to biological theory, high-fat diets encourage weight growth, which in turn encourages insulin resistance. This viewpoint is backed up by much evidence. This implies that any dietary element that encourages weight gain will probably encourage the onset of diabetes.
III. PLANT-BASED DIETS
Diet plays a significant role in insulin resistance, particularly in an aging and less active demographic. The global surge in type 2 diabetes cases is partly attributed to the escalated consumption of energy-dense foods, such as fast food, animal fats, refined carbohydrates, and sugary beverages (Ley et al., 2014a). Lifestyle modifications, particularly dietary adjustments, can effectively prevent, alleviate, and even reverse type 2 diabetes. Among participants aged 60 years and older in the Diabetes Prevention Program, there was a remarkable 71% reduction in type 2 diabetes risk due to lifestyle changes, suggesting that older individuals benefit significantly from such shifts (Knowler et al., 2002).
Lifestyle adjustments, especially in the elderly, hold the potential to alleviate comorbidities, reduce reliance on multiple medications, and address the root causes of type 2 diabetes. A plant-based diet prioritizing legumes, whole grains, vegetables, fruits, nuts, and seeds, while minimizing or eliminating animal products, emerges as particularly effective in type 2 diabetes prevention. This dietary approach has also been correlated with markedly reduced incidences of cancer, cardiovascular mortality, hypertension, hyperlipidemia, and obesity. This discussion will delve into the mechanisms through which plant-based diets can prevent, manage, and mitigate complications of type 2 diabetes. An exploration of their mechanisms for reducing insulin resistance will also be undertaken.
A.1. Mechanisms of action in treating insulin resistance
Achieving glycemic control and mitigating insulin resistance can be effectively facilitated by consuming minimally processed, nutrient-dense plant-based meals, which act through various hypothesized mechanisms. Plant-based diets, abundant in fiber, antioxidants, and magnesium, exhibit the capacity to enhance insulin sensitivity (Ley et al., 2014b; Satija et al., 2016b). Antioxidant-rich polyphenols, found in these diets, are believed to enhance insulin secretion, glucose uptake, and hepatic glucose production reduction, thereby affecting glucose absorption Kim et al., 2016). Fiber, exclusively present in plant-based diets, significantly regulates postprandial glucose response. Its fermentation by gut microbiota yields short-chain fatty acids that enhance insulin signaling, insulin sensitivity, and glucose response (Bach Knudsen, 2015; Baothman et al., 2016; Lattimer & Haub, 2010; Li et al., 2015). By reducing meal energy density and increasing satiety, fiber contributes to weight loss and decreased insulin resistance (Lattimer & Haub, 2010). Furthermore, an augmented dietary fiber intake correlates with lowered inflammatory biomarker levels, potentially influencing insulin resistance (Satija et al., 2016). Lastly, a diet rich in plant-based foods and low in animal products can modulate gut microbiota composition and reduce trimethylamine N-oxide production, associated with insulin resistance (Li et al., 2015; Satija et al., 2016b).
In epidemiological and metabolic research, dietary elements that are often lower in plant-based diets and linked to insulin resistance include saturated fat, advanced glycation end products, nitrosamines, and heme iron. Saturated fat, abundant in animal-based meals, contributes to lipotoxicity, characterized by harmful fat metabolite accumulation in liver and muscle cells, disrupting insulin signaling and reducing glucose uptake (Estadella et al., 2013; Kitessa & Abeywardena, 2016; Nolan & Larter, 2009). Additionally, saturated fat is connected to oxidative stress, mitochondrial dysfunction, insulin resistance, and inflammation. Saturated fat-rich diets are associated with Gram-negative, lipopolysaccharide-rich patterns in the gut microbiota that worsen insulin resistance.  In individuals with type 2 diabetes, plant-based diets have shown superior visceral fat and oxidative stress reductions compared to traditional diets (Kahleova et al., 2011). In contrast to plant-based diets high in fruits, vegetables, legumes, and whole grains, as well as dishes prepared by grilling, broiling, roasting, searing, or frying, meat-rich diets are more likely to contain advanced glycation end products, or oxidant chemicals (Uribarri et al., 2010). Reduced consumption of these components has been found to decrease insulin resistance in individuals with type 2 diabetes. Advanced glycation end products are associated with the pathogenesis of type 2 diabetes (Uribarri et al., 2011). Nitrosamines, formed when nitrite and nitrate preservatives in processed meats react with amino compounds, accelerate DNA damage, pro-inflammatory cytokine production, and reactive oxygen species formation, resulting in oxidative stress and insulin resistance. Mechanisms promoting insulin resistance include pro-oxidant iron from heme (animal) sources, intensifying oxidative stress, disrupting insulin signaling, damaging pancreatic beta cells, hindering glucose transporter type 4 channel translocation to cell membranes, and increasing hepatic glucose output. Several meta-analyses have established links between serum ferritin or dietary heme iron and the risk of type 2 diabetes (Bao et al., 2012; Zhao et al., 2012).
Last but not least, plant-based diets frequently encourage weight loss and reduce adiposity (Huang et al., 2016; Tonstad et al., 2009), two aspects that are very effective at preventing insulin resistance. On the other hand, meat consumption—including that of poultry—is a strong indicator of obesity and long-term weight increase. Consequently, meat elevates the risk of type 2 diabetes through mechanisms not solely related to weight increase, as previously mentioned, thus decoupling the impact from body mass index. Moreover, the elevated protein content in a calorie-deficient high-protein diet might counteract significant metabolic benefits derived from weight reduction. Notably, a low-calorie, high-protein diet has been observed to hinder the beneficial effects of weight loss on insulin sensitivity in skeletal muscles among obese postmenopausal women (Smith et al., 2016). This is most likely because the high-protein diet worsened oxidative stress and caused changes in the structure and organization of muscle cells. Additionally linked to weight gain and insulin resistance are refined carbohydrates and added sweets (AlEssa et al., 2015; Bhupathiraju et al., 2014; Malik & Hu, 2015). A whole-food, plant-based diet, which excludes animal products, refined grains, and added sugars, fosters insulin sensitivity by facilitating weight loss and maintaining a healthy body weight. Importantly, research has also indicated that plant-based diets can enhance insulin sensitivity independently of weight loss or when accounting for body weight statistically.
A.2 Reduction in the risk of cardiovascular disease
Numerous studies have shown the advantages of plant-based diets in preventing and treating cardiovascular disease, which is the main cause of premature mortality in the diabetic population. In comparison to omnivorous diets, vegetarian diets have been linked to incidence and mortality rates of ischemic heart disease that are reduced by 24% to 32% in large cohort studies. Coronary artery disease has been shown to reverse clinically and by angiography in intervention trials of plant-based diets. n a study conducted by Ornish et al., patients diagnosed with cardiovascular disease were randomized into two groups: standard medical therapy or a lifestyle intervention comprising a low-fat vegetarian diet, moderate exercise, stress management, and smoking cessation. Over a 5-year period, the group undergoing lifestyle interventions witnessed a 20% reduction in LDL levels from baseline, achieved without lipid-lowering medications. This reduction paralleled the levels seen in the usual care group, where 60% of patients were on lipid-lowering medications. In contrast to a worsening of 27.7% in the conventional treatment group, there had been a 7.9% relative improvement in the average degree of coronary artery stenosis in the lifestyle group by year 5. When compared to the group receiving conventional treatment, the lifestyle group experienced a 60% decrease in cardiac events. As a result of additional research showing the enormous cardiovascular advantages of adopting this plant-based lifestyle strategy, Medicare started to pay for the Ornish lifestyle intervention as part of a comprehensive cardiac rehabilitation programme in 2010 (Jacques et al., 2010).
In response to dietary changes alone, cardiovascular disease patients demonstrated notable effects. Following a five-year adherence to a low-fat plant-based diet, 73% (eight out of 11) of patients with severe coronary artery disease exhibited a reversal of coronary artery disease, as confirmed by repeat angiography. An additional analysis presented outcomes from 198 consecutive cardiovascular disease patients who voluntarily participated in the Esselstyn program. 89% of respondents strictly adhered to the diet, consuming only unprocessed, plant-based meals (including fish and poultry) and no additional dairy products, oils, or meat. Cardiovascular events were extremely rare, occurring in 0.6% of adherent patients versus 62% of non-adherent individuals. A multitude of studies substantiate the effectiveness of plant-based diets in mitigating cardiovascular risk factors. Several investigations (Orlich & Fraser, 2014; Pettersen et al., 2012) have found that individuals adhering to plant-based diets exhibit significantly lower prevalence and incidence of hypertension compared to omnivores. Notably, participants following a vegan diet within the Adventist Health Study 2 cohort displayed a 50% lower risk of hypertension compared to omnivores, a distinction that remained after accounting for body mass index (Pettersen et al., 2012). While animal protein has consistently shown in prospective trials to elevate hypertension risk, plant protein often exerts a blood pressure-lowering effect, particularly among older adults (Borgia et al., 2015; Miura et al., 2004; Steffen et al., 2005). Interventional trials further confirm that vegetarian diets yield lower blood pressure outcomes compared to omnivorous control diets.
A.3. Potential drawbacks of plant-based diets
A.3.1 Vitamins and minerals
B12 levels in water are being reduced by current standards of filtration, and fruit and vegetables are routinely cleaned to remove any dirt or soil remains before ingestion. Animals naturally consume B12 with their food, which is frequently taken directly from the ground, and via their water source, which is frequently an unpurified reservoir. As a result, someone who relies on an animal-based diet obtains B12 by consuming animal proteins (Adair & Bowden, 2020)
A.3.2 Calorie consumption
To attain energy balance, it is crucial to consume a range of plant-based meals, such as starchy vegetables and fruits, as it is very challenging to obtain sufficient amounts of energy from low-calorie foods (such as leafy greens). Rapid introduction of high fibre consumption has the potential to make people feel bloated and uncomfortable, which may further discourage them from consuming enough calories. (Adair & Bowden, 2020)
A.4 Risk of nutrient deficiencies
Contrarily, plant-based diets showed significant associations with improvements in emotional well-being, physical well-being, depression, quality of life, general health, HbA1c levels (a gauge of long-term blood glucose levels), weight, and both total and LDL cholesterol levels, as compared to control diets, which frequently align with those recommended by various diabetes associations (Toumpanakis et al., 2018). In a previous systematic review and meta-analysis of six studies, vegetarian dietary patterns were correlated with significantly lower HbA1c levels compared to control diets (Yokoyama et al., 2014). Similarly, various dietary approaches, including vegetarian, vegan, Mediterranean, and Dietary Approaches to Stop Hypertension (DASH) diets, have shown the capacity to decrease HbA1c levels compared to control or conventional diets.
Multiple factors contribute to the favorable effects of plant-based diets on diabetes management and prevention. In contrast to Western diets, vegetarian and vegan diets exhibit elevated dietary fiber levels, often featuring whole grains, legumes, and nuts, which are connected to lowered T2D risk. Reduced red meat consumption and animal protein absence may also play a role. Approximately 25 studies have explored meat consumption's relationship with T2D risk, mostly showing a positive link between red/processed meat and T2D risk. A 2013 meta-analysis confirmed that higher red/processed meat intake in diets correlated with heightened T2D risk. The robust evidence linking dietary heme iron, especially from red meat to this risk is particularly noteworthy. Increased serum ferritin levels are tied to insulin resistance and T2D risk. A 2019 meta-analysis of prospective cohort studies revealed that higher total/animal protein intake was associated with elevated T2D risk, while moderate plant protein intake was connected to reduced risk.
A.5 Need for careful planning to ensure adequate protein intake
Protein plays a crucial role in various aspects of health, including muscle growth and repair, immune function, and hormone synthesis. Adequate protein intake is particularly important for individuals with diabetes, as it can help support stable blood sugar levels, preserve lean muscle mass, and promote satiety (Franz et al., 2010). There are some challenges of protein intake in low-carbohydrate diets. Low-carbohydrate diets often prioritize high-fat and moderate protein intake. While these diets can effectively control blood sugar, it is important to carefully plan protein sources to avoid excessive saturated fat intake. Choosing lean protein sources, such as skinless poultry, fish, legumes, and low-fat dairy products, can help balance protein intake and saturated fat content. Some challenges of protein intake in plant-based diets are mentioned. Plant-based diets can provide adequate protein, but it may require careful planning to ensure all essential amino acids are obtained. Combining plant protein sources, such as legumes, grains, nuts, and seeds, can help create a complete protein profile containing all essential amino acids. Including a variety of plant-based protein sources throughout the day can also enhance protein quality and bioavailability (Mariotti & Gardner, 2019).
IV. COMPARISON OF LOW-CARBOHYDRATE AND PLANT-BASED DIETS
A.1 Similarities and differences between low-carbohydrate and plant-based diets
In 1-y comparisons, Low-carb diets don't work much better at shedding pounds than plant-based diets or other dietary plans, although they do help obese people lose weight. In a metabolic-ward study conducted in 2021, the conventional wisdom that low-carb diets lower appetite was refuted. A low-fat, vegan diet (10% fat, 75% carbs) or a low-carbohydrate diet (76% fat, 10% carbs) were given to twenty young, overweight people for two weeks before switching to the other diet for a further two weeks. When compared to the low-carb phase, energy intake was 689 ( 73) kcal/d lower during the vegan phase (P 0.0001). The vegan diet caused a substantially higher decrease in calorie intake (Jardine et al., 2021b). Low-carbohydrate diets may initially lower blood glucose levels in diabetics, but these advantages frequently disappear by 12 months (Goldenberg et al., 2021b). The safety of a low-carbohydrate diet may be questioned. They frequently increase plasma LDL cholesterol levels, with wildly different effects amongst people (Foster et al., 2003b). Low-carb diets raise concerns about the potential long-term risks of conditions such as cancer and Alzheimer's disease due to their restriction or exclusion of nutrient-rich foods like fruits, whole grains, and legumes. They are also usually rich in saturated fats. Long-term low-carb diet intake is associated with an increase in all-cause mortality (Noto et al., 2013).
Plant-based diets reduce diabetes risk without any negative side effects. This also applies to controlling diabetes while taking steps to avoid hypoglycemia. 43% of the participants in the low-fat vegan group in the trial by Barnard et al. had to cut back on or stop using their diabetes medications because of hypoglycemia (Barnard et al., 2006). Regular monitoring of blood glucose levels, patient education, and medication adjustments, when needed, can help prevent episodes of low blood glucose levels. Research has shown that diets predominantly composed of plant-based foods offer sufficient nutrients and high dietary quality. The Academy of Nutrition and Dietetics (AND) affirms that vegetarian diets, including vegan diets, are both safe and nutritionally adequate.
A.2 Comparing the Effectiveness of Low-Carbohydrate and Plant-Based Diets in Diabetes Management
While low- and very-low-carbohydrate diets may positively impact energy intake and expenditure, their extended effects on weight loss might not be as prominent as those achieved through conventional approaches. According to the 2013 American Heart Association/American Cardiology/The Obesity Society (AHA/ACC/TOS) Guideline for the Management of Overweight and Obesity in Adults, research indicates that very low-carbohydrate diets do not yield additional weight loss advantages at the 6-month mark when compared to calorie-restricted, low-fat diets. Recent systematic reviews and meta-analyses of randomized controlled trials have assessed the comparative effectiveness of low-carbohydrate, high-fat (LCHF) and high-carbohydrate, low-fat (HCLF) diets for weight loss among individuals with overweight or obesity over time spans of 3 to 6 months and 1 to 2 years. LCHF diets are defined as those with >30% of total daily energy intake originating from fat.
V.  PRACTICAL CONSIDERATIONS FOR ADOPTING A PLANT-BASED DIET
Educating and motivating individuals with diabetes or those prone to it regarding the advantages of adopting a plant-based diet holds significance. When provided with personalized nutritional guidance and aware of the associated benefits, patients often show eagerness to explore a plant-based dietary approach (Lee et al., 2015). The lack of calorie, carb, or portion limits on a plant-based diet is alluring, and most patients do not find it to be any more difficult to adhere to than other therapeutic diets. Moreover, randomized trials involving diabetic patients revealed that the adoption of a low-fat plant-based diet yielded comparable outcomes to alternative therapeutic dietary patterns. People are frequently persuaded to switch to a plant-based diet by its advantages, which include increased quality of life, glycemic control, and weight loss (Jardine et al., 2021b)
A.1 Strategies for overcoming common challenges (e.g., meal planning, social situations)
Protein requirements can differ depending on variables such as age, gender, physical activity level, and overall health status. Working with a registered dietitian or healthcare provider experienced in diabetes management is crucial to develop an individualized meal plan that meets protein needs while considering personal preferences, cultural factors, and dietary restrictions. Regular monitoring and adjustment of the dietary plan may be necessary to ensure adequate protein intake and optimize diabetes management. It is important to note that protein intake should be part of a well-balanced diet that includes adequate intake of carbohydrates, fats, fiber, vitamins, and minerals. Striking a balance between macronutrients and considering the overall quality of the diet is essential for long-term health and diabetes management. Individualized guidance and professional support can help individuals with diabetes navigate the challenges of protein intake and ensure a well-rounded dietary approach (Johnson et al., 2021)
A.2 Advice for working with a healthcare provider to develop an appropriate dietary plan
The objectives of these recommendations encompass encouraging prudent dietary selections, mitigating the susceptibility to Type 2 diabetes and associated diabetic complications, attaining optimal glycemic management, and elevating the quality of life for healthcare practitioners, individuals at diabetes risk, and those already diagnosed. Notably, these directives do not pertain to children and adolescents as Diabetes UK has embraced the ISPAD (International Society of Paediatric and Adolescent Diabetes) guidelines for this demographic (Smart et al., 2009).
All multidisciplinary team members should be able to provide and apply evidence-based nutritional guidance. It is recommended that a licensed dietitian with specialized training spearheads nutritional care. A coordinated approach is essential, placing individuals with diabetes at the core of decision-making. Each advice must stem from empirical research and be tailored to personal preferences, beliefs, lifestyle, and readiness for change, considering both personal and cultural contexts. These recommendations are designed to promote self-management, mitigate Type 2 diabetes risk and associated comorbidities, endorse healthy lifestyles, ensure adaptability, and cater to diverse needs, especially in cases of coexisting conditions like coeliac disease and cystic fibrosis.
A.3 Discussion of ongoing support and resources for maintaining a healthy dietary pattern
The poor and high-resource groups interact on a variety of levels, including economic resources, considerable social participation, commitment to health, and health management and capability. Health of those in low resource groups: A lack of resources reduces opportunities for fulfilling social interaction, lowers motivation to maintain health, and weakens health capacity. The consequences of this include additional depletion of financial resources, a decline in social involvement, health capacity, and nutritional control, as well as decisions and activities that worsen existing health issues and raise risk of developing new ones. Health within the high-resource group (establishing a "virtuous cycle"): Increased financial resources enhance individuals' opportunities for meaningful social interactions, motivate healthier lifestyles, and augment their health capacity. This leads to decisions and behaviors that enhance management, reduce the susceptibility and severity of concurrent conditions, ultimately nurturing their health capacity and well-being over time. Their discoveries underscore the significance of social resources in dietary management, functioning in two main ways: firstly, by cultivating a health-promoting eating environment at home, and secondly, more subtly, by facilitating gratifying social exchanges that foster and encourage good health practices (Weaver et al., 2014).
VI.  CONCLUSION
Dietary interventions are an important component of managing diabetes, and both low-carbohydrate and plant-based diets have been shown to have beneficial effects on blood sugar control and other health outcomes. While low-carbohydrate diets are particularly effective in reducing blood sugar levels, plant-based diets may offer additional benefits for insulin sensitivity and reducing the risk of cardiovascular disease. However, both types of diets have potential drawbacks and require careful planning to ensure adequate nutrient intake. Further research is needed to understand better the optimal dietary approaches for managing diabetes and to develop effective strategies for supporting individuals with diabetes in adopting and maintaining healthy dietary habits.
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