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1. [bookmark: _Toc164363452]Abstract

Diabetes mellitus type 2 (T2DM) presents a significant global health concern, stemming from pancreatic beta cell dysfunction, leading to impaired insulin secretion and disrupted glucose homeostasis. Clinical manifestations include polyuria, polyphagia, polydipsia, blurred vision, fatigue, delayed wound healing and neuropathic symptoms. It is a major contributor for myocardial infarction, cardiovascular accident, vision loss, renal failure and lower limb amputations due to vascular complications. The prevalence has soared from 108 million in 1980 to 462 million in 2017, resulting in over 1 million annual fatalities, making it the ninth leading cause of mortality. Diet is pivotal in mitigating mortality and disability risks associated with diabetes. This review synthesises evidence from systematic reviews, meta-analyses and randomized controlled trials between January 2014 and March 2024. Furthermore, low-carbohydrate, low-glycaemic index, Mediterranean and vegetarian/ vegan dietary regimens were evaluated for improving glycated haemoglobin (HbA1c) regarding the treatment and management of T2DM. Findings indicates all the aforementioned dietary regimens have demonstrated efficacy in enhancing HbA1c levels for treating and managing T2DM in adults over 18 years old. The review indicates that vegetarian/ vegan are equally effective as omnivorous diets, showing significant improvements in glycaemic control (measured by HbA1c) amongst individuals with T2DM. Compliance with dietary regimens hinges on personal factors such as preferences, accessibility, lifestyle, religion, culture and financial means. Therefore, tailoring dietary recommendations to individual needs is crucial in treating and managing T2DM.


2. [bookmark: _Toc164363453]Introduction

Scholarly exploration by Sapra et al. (2021) stated the following six lines of evidence, diabetes mellitus is etymologically derived from the Greek term “ diabetes”, connoting a siphon or passage through, whilst the Latin word “mellitus” denoting sweetness. Coined by Apollonius of Memphis circa 250 – 300BC, the term reflects ancient observations by Greek, Egyptian and Indian civilizations. Hence, the propagation of the word diabetes mellitus gained prominence in linguistic discourse. Currently, T2DM is a major clinical and public health issue globally (Wareham and Herman, 2016) and is considered the most prevalent metabolic disorder with its main aetiology being a defect in the pancreatic beta cell which incapacitates insulin secreting structures for maintaining glucose homeostasis (Galicia-Garcia et al., 2020). Refer to Chapter 2 regarding the pancreas and glucose homeostasis.
T2DM is characterised by abnormally increased blood glucose levels and there are various forms of diabetes such as type 1 (T1DM), type 2 (T2DM), gestational, neonatal, maturity onset of the young (MODY) in addition to the use of steroids and other endocrinopathies (Sapra and Bhandar, 2023). T1DM is most prevalent in young people, accounting for approximately 85% of all diabetes cases worldwide in those under the age of 20 (Ang, 2020). Moreover, children are increasingly affected by T2DM which was previously diagnosed in adults (Tillotson et al., 2020). Typically, T2DM pathology can be asymptomatic and misdiagnosed for a long duration. However, symptomatic individuals can exhibit polyuria, polyphagia, polydipsia, blurred vision, fatigue, delayed wound healing, discomfort/ tingling sensation / numbness in the upper and lower extremities (Artasensi et al., 2020). Furthermore, it is the major causative factor for myocardial infarction, cardiovascular accident, vision loss, renal failure and amputation of the lower extremities due to micro and macro vascular abnormalities (Farmaki et al., 2021).
According to statistics obtained from World Health Organization, (2023) diabetes mellitus affected 422 million people in 2014, compared to 108 million in 1980. When compared to high-income countries, the prevalence has been increasing rapidly in low- and middle-income nations. In 2017, T2DM impacted approximately 462 million people accounting for 6.28% of the global population (4.4% of those aged 15-49 years, 15% of those aged 50-69 years and 22% of those aged 70 years and beyond), or a prevalence rate of 6059 cases per 100,000 (Khan et al., 2020). Additionally, diabetes is considered the ninth major aetiology of mortality exceeding more than one million fatalities annually. Nonetheless, the growth in the incidences of T2DM has been mainly attributed to changes in living environments and lifestyles, which have resulted in lower nutritional quality and increased sedentary practices (Tinajero and Malik, 2021). Thus, resulting as overweight and obesity in deprived areas.
Diabetes impairs people's functional capacity and quality of life, hence the economic implications are due to the treatment and complications that are associated with premature mortality and morbidity in addition to the intangible cost of poor quality of life. Annually, USD $237 billion is spent on direct medical expenditures and USD $90 billion on lost productivity in the United States of America (CDC, 2020). Comparatively, in the United Kingdom the cost incurred by the NHS for treating diabetes is approximately £14 billion yearly (Kayyali et al., 2019). Diabetes is one of the world's most serious public health issues, with the prevalence expected to rise from 425 million in 2017 to 629 million by the year 2045, with association in health, social and economic implications (Forouhi et al., 2018).
According to Locke et al. (2018) diet plays an essential role in reducing the likelihood of premature mortality and disability. Whereas, the Global Burden of Disease Study, which was conducted in 188 countries, advised that diet is a major contributor for morbidity and mortality globally in people living with diabetes mellitus. In nations characterized by low and middle income, carbohydrates constitute as the primary source of energy, comprising 70- 80% of the daily caloric intake. Diets exhibiting a higher starch-to -cereal- fibre ratio and diminished fibre consumption correlate with an elevated risk for T2DM incidences as indicated by a relative risk of 1.23 (Mohan et al., 2018). 
Moreover, Veit et al.-(2022) emphasised a hypercaloric diet, arising from overconsumption of any macronutrient, induces weight gain. This surplus of energy intake, identified as a risk factor for the development of T2DM, which stems from a positive energy balance linked to increased intake and decreased physical activity, leading to overweight or obesity. Conversely, evidence by Duan et al.-(2022), implied UPFs; warm and cold savoury snacks are characterised by high salt and fat content, pose an energy- dense profile, potentially increasing diabetes risk via metabolic disturbances such as lipid abnormalities and elevated blood pressure. Correlation exists between UPF consumption and the incidence of T2DM, individuals with increased BMI are prone to higher UPF intake establishing it as an obesity risk factor thus increasing body weight, thereby exemplifying the potential mediating influence of BMI. Increased dietary fat intake exerts an impact on glucose and lipid metabolism, consequently compromising the functionality of vital metabolic organs. This progression leads to a gradual escalation of hyperglycaemia, hyperinsulinemia and the development of progressive insulin resistance (Prasad et al., 2022).
Subsequently, diabetes is becoming more prevalent in the United Kingdom and around the world due to engaging in unhealthy lifestyle choices such as poor dietary habits (Ojo et al., 2019). Similarly, Petroni et al.-(2021) emphasized unhealthy lifestyle choices, such as overeating and or insufficient physical activity, contribute to the disorder’s aetiology by exacerbating genetic flaws. Prasad et al. (2022) proposed increase intake of fructose and glucose are associated with an increased risk of T2DM in adults, glucose contributes to T2DM development via its high glycaemic index, interrupting insulin secretion meanwhile, fructose is linked to weight gain, influencing insulin sensitivity and fatty acid synthesis. For instance, sugar sweetened beverages made with high fructose corn syrup can elevate the risk of T2DM by affecting blood sugar metabolism.
According to Al-Adwi et al. (2023) a caloric restricted diet has the potential to reverse diabetes, for instance, both vegetarian/ plant based and Mediterranean diets reduce body weight. Additionally, a high protein diet and low carbohydrate diet (< 26% of total energy) influence anthropometric measures and enhance cardio-metabolic health. Whilst, research by Jardine et al. (2021) proposed vegan diets exhibit positive effects on glycaemic control, body weight and cardiovascular risk factors amongst individuals with T2DM. A metanalysis of 6 randomised clinical trials involving 255 participants showed a 0.4% greater reduction in glycated haemoglobin compared to other prescribed dietary patterns for diabetes mellitus. As a result, treatment regimens for diabetes typically include lifestyle changes such as increased physical activity and dietary adjustments. Therefore, this review is imperative as it will address the public health issue and curb the increased prevalence of premature morbidity and mortality with the implementation of dietary interventions to manage and treat T2DM. 
Syed and Khan, (2011) defined glycated haemoglobin (HbA1c) as the basic chemical interaction that occurs between blood glucose and haemoglobin as it displays a trustworthy and dynamic blood glucose average over the previous three months. Florkowski, (2013) emphasized HbA1c, as opposed to oral glucose tolerance test, remains unaffected by prandial status and lacks diurnal rhythm, enabling measurement at any time. While exhibiting minimal pre-analytical variability, pathologies such as haemolytic anaemia, B12 and folate deficiencies impact red blood cell survival / non enzymatic haemoglobin inducing false negative laboratory result. Whereas, Pohanka, (2021) stressed, beyond conventional glucose and glycaemia assays, HbA1c has emerged as a pivotal marker in innovative analytical methodologies, as its evaluation holds significance for diabetes diagnosis, offering substantial insights compared to standard glycaemic measurements (See Table 1). 
Table 1: Depicting HbA1c as a measure of diabetes management (Sherwani et al., 2019).
[image: ]
Having a comprehensive grasp of various dietary interventions will aid with the optimization of future plans to mitigate the complications, economic burden and improve the overall health outcome/ quality of life for patients, clients and other people in similar circumstances. Fundamentally, data from this study will be relevant to public health policy makers as well as members of the healthcare multidisciplinary team, which includes doctors, nurses and dieticians, in order to optimise dietary approaches as the primary means of treating and managing T2DM, thus improving clinical outcomes. Patients/ clients receiving care can reap advantages by acquiring comprehensive knowledge regarding the alternative dietary strategies for glycaemic management and making well-informed choices regarding lifestyle modifications. Educational establishments can utilise data from this review within their curriculum by incorporating current knowledge on dietary strategies that can improve HbA1c levels thus enhancing nutrition literacy. 
Three family members who were not adhering to their dietary and medication regimens succumbed from the complications associated with T2DM served as inspiration for researching this topic. I aim to delve into vegan/vegetarian diet, low carbohydrate diet (LCD), low glycaemic index (LGI) and Mediterranean dietary regimens for treating and managing T2DM, inspired by Whiteley et al.'s (2023) findings regarding glycaemic control.



2.1 [bookmark: _Toc164363454] Pancreas 

[bookmark: _Hlk163403402]Talathi and Young, (2019) stated that the pancreas is an elongated accessory digestive gland, which is situated retroperitoneally, traversing from L1 and L2 vertebrae along the posterior abdominal wall. Henry et al. (2019) highlighted that the pancreas has both endocrine and exocrine components. Whilst, Karpinska and Czauderna, (2022) inferred the pancreatic exocrine function entails synthesizing enzymes within intravesicular cells to form iso-osmotic, alkaline pancreatic juice aiding intestinal digestion. Goblet cells secrete mucus into pancreatic ducts. This juice comprises of enzymes digesting proteins, fats, carbohydrates, nucleic acids, electrolytes and a minor mucus component. Conversely, Cottet-Dumoulin et al. (2023) stated the endocrine segment exhibits a distinct organizational pattern characterized by discrete clusters known as islets of Langerhans. Whereas, ElSayed and Sandeep Mukherjee, (2019) indicated these islets harbour a diverse array of 5 distinct endocrine cell types each responsible for the secretion of at least 5 hormones (See Table 2).
Table 2: A schema delineating cellular constituents, secretory hormones and physiological functions within the pancreatic islets (ElSayed and Sandeep Mukherjee, 2019).
[image: ]
Roder et al. (2016) emphasised the pancreas meticulously regulates blood glucose levels, typically maintaining them between 4 - 6 mM, through the coordinated action of glucagon and insulin, known as glucose homeostasis. During periods of hypoglycaemia, sleep or intermeal intervals, α-cells secrete glucagon, instigating hepatic glycogenolysis and gluconeogenesis to elevate levels. Conversely, hyperglycaemia prompts β-cells to secrete insulin, which fosters glucose absorption by muscle and adipose tissues, thereby diminishing blood glucose levels (See Figure 1).  Moreover, insulin fosters glycogenesis, lipogenesis and protein synthesis, imparting its character as an anabolic hormone in contrast to glucagon's catabolic nature. Whilst, Bano, (2013) concluded-normoglycemia is regulated by a complex neuro-hormonal system involving insulin dependent and independent processes. Hence, obesity and T2DM are linked through insulin resistance and altered glucose homeostasis, exacerbated by factors like proinflammatory cytokines and deranged fatty acid metabolism, particularly in visceral adipose tissue.
[image: A diagram of glucose level
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Figure 1: An illustration depicting the regulatory process of glucose homeostasis (Röder et al., 2016).


3. [bookmark: _Toc164363455]Aims    

The key aims of this review is to:
1.  Investigate, analyse and discuss evidence accumulated from previous published studies on the effects of diet to improve HbA1c by consuming a low glycaemic index, low carbohydrate, Mediterranean and vegan / vegetarian diet for the treatment and management of T2DM in adults over 18 years. 
2. Determine if a vegetarian/ vegan is more efficacious than the aforementioned omnivorous diet regarding the improvement of HbA1c. 
3. Reveal any potential gaps or difficulties with the adoption of dietary modifications for the efficient management of T2DM.  


4. [bookmark: _Toc164363456]Methodology

Population – adults >18 years with T2DM
Intervention – non vegan/ vegetarian diets
Comparison – vegetarian /vegan diet 
Outcome – improved HbA1c
A narrative approach has been selected to conduct this review. It is deemed as a publication that examines and summarises the status of science on a particular subject or theme from a theoretical and contextual point of view with minimal explicit framework for assembling and presenting evidence (Henry et al., 2018). Moreover, it enables the coverage of topics that are excessively broad for targeted, methodical literature searches thus, serving as valuable educational resources in medical training. Narrative reviews, in contrast to systematic reviews adopt a less structured approach, search terms, databases and inclusion/exclusion criteria. It also provides researchers with the opportunity to combine various viewpoints and use distinct review perspectives influencing the analysis (Jahan et al., 2016). As such, the insights obtained from a narrative review would differ based on the historical, organisational and individual circumstances in which it was carried out (Sukhera, 2022).
Inclusion criteria – An automated, methodical search was performed, focusing only on research published (peer reviews) as peer review ensures trusted scientific communication crucial for building cumulative knowledge (Kelly et al., 2014). In the context of humans in the English language between January 2014 and March 2024, in the following databases:
a) PubMed
b) Science Direct
c) Google Scholar
d) American and British Medical Journals.
Randomised control trials (RCTs) with a duration exceeding more than 5 days were selected regarding the various dietary approaches consumed amongst people with prediabetes & T2DM over 18 years, old as T2DM can be diagnosed in individuals aged between 18 -74 years (Barker et al., 2022). RCTs measure the efficacy of newly implemented interventions or treatment and is considered a meticulous tool that reduces the potential bias which evaluates cause and effect regarding the outcome and intervention (Hariton and Locascio, 2018). 
Use of keywords – plant-based diet, vegan diet, vegetarian diet, Mediterranean diet, low carbohydrate diet, low GI diet or low glycaemic index diet, glycated haemoglobin or HbA1c or glycaemic control, type two diabetes mellitus or T2DM.
Exclusion criteria – Studies on diabetes types that were clearly distinct from T2DM & prediabetes would be eliminated. Additionally, excluded from this investigation would be RCTs with a duration of less 5 days and participants under the age of 18. 


5. [bookmark: _Toc164363457][bookmark: _Hlk163421695]Ethical Considerations

No ethical approval required as a literature review was conducted. 


6. [bookmark: _Toc164363458]Discussion

6.1 [bookmark: _Toc164363459] Low Glycaemic Index Diet

According to Ni et al. (2022) Jenkins introduced the glycaemic index (GI) concept in the early 1980s to measure the impact of carbohydrate-containing foods on post-meal glucose levels. It is determined by comparing the area under the glucose curve (AUC) post consumption 2 hours 50 grams of carbohydrates from a test food to that of a standard food, usually glucose or white bread. Foods are classified based on their GI values into high-GI (GI ≥ 70), medium-GI (55 ≤ GI < 70) and low-GI (GI < 55) categories. Goff et al. (2013) indicated that the GI classifies carbohydrate foods by their impact on blood sugar levels, crucial for preventing and managing diabetes. LGI foods trigger lower insulin and incretin levels compared to HGI foods, potentially preserving insulin sensitivity. Similarly, Vlachos et al. (2020) suggested GI assesses carbohydrate digestion speed and blood sugar response. Campbell et al. (2017) emphasised HGI carbohydrates prompt rapid blood glucose spikes, while LGI carbohydrates lead to a slower, steadier increase. HGI carbs are predominantly rapidly digested starches (RDS), whereas LGI ones are less so. Some critique the health benefits of LGI, attributing them to other factors beyond GI, such as increased fat, protein and fibre. However, fibre, particularly resistant starch (RS), can independently LGI and enhance glucose control. LGI foods may offer superior blood glucose management, particularly for T2DM, due to their gradual impact on blood sugar levels.
In their 24-week RCTs, Pavithran et al. (2020) undertook a meticulous investigation involving 80 participants to evaluate the efficacy of incorporating LGI recipes from Kerala cuisine in ameliorating cardiovascular health and regulating blood sugar levels amongst individuals with T2DM. Their findings unveiled a noteworthy decrease of 0.93% in HbA1c levels within the LGI diet cohort, accompanied by notable enhancements in weight, BMI, waist circumference and blood glucose metrics. In contrast, Vlachos et al. (2020) conducted a comprehensive review encompassing 10 RCTs, each spanning diverse durations ranging from 5 days to 22 months. Their synthesis probed the impact of nutritional interventions amalgamating glycaemic index and glycaemic load on mitigating postprandial hyperglycaemia in individuals afflicted with T2DM. Their analysis revealed consistent and statistically significant ameliorations in postprandial hyperglycaemia (p < 0.05) across the scrutinized studies, with particular emphasis on LGI diets precipitating reductions in HbA1c levels amongst T2DM patients. Both studies underscored the pivotal role of LGI dietary regimens for managing blood glucose levels and curtailing cardiovascular risks in the populace with T2DM. Nonetheless, disparities in study duration, methodological approaches and specific statistical outcomes underscore the nuanced complexities inherent in this domain of research.
Ojo et al. (2018) conducted a comprehensive review and meta-analysis that spanned a wide range of study durations, from 2 weeks to 22 months, to evaluate the efficacy of LGI diets in managing T2DM. Their analysis, which included 9 articles for systematic review and 6 for meta-analysis, aimed to assess LGI diets compared to HGI or control diets in terms of regulating blood sugar levels and other relevant markers. The findings from the meta-analysis revealed consistent and significant reductions in HbA1c and fasting blood glucose levels favouring LGI diets. However, the outcomes varied across studies, with some demonstrating more pronounced improvements in glycaemic control with LGI diets compared to others. Notably, LGI diets achieved comparable HbA1c (p < 0.05) possibly by enhancing insulin sensitivity versus the American Diabetes Association (ADA) diet but with less medication dependency, suggesting potential benefits for diabetes management. Furthermore, the study highlighted the long-term stability in HbA1c levels amongst patients solely managing their diabetes through diet only, indicating the sustained efficacy of LGI diets over time.
In contrast, Zafar et al. (2019) explored the impact of LGI diets across various durations ranging from shorter-term interventions of 1 week to 12 months. Their analysis revealed consistent reductions in BMI, HbA1c (0.15 points) and fasting blood glucose levels with LGI diets (1.67 mg/d) compared to controls, providing further evidence of their effectiveness in managing T2DM. Additionally, they observed significant reductions in LDL cholesterol levels, indicating potential benefits for cardiovascular health. However, no significant changes were noted in high density lipoprotein (HDL) cholesterol or triglyceride levels. Despite this, the overall impact on blood sugar and lipid profiles suggested the promising potential of LGI diets in comprehensive diabetes care. Both studies underscored the importance of LGI diets, emphasizing the effectiveness in improving glycaemic control and potentially reducing the risk of cardiovascular complications. However, they differed in their approach to study duration, methodology and specific statistical findings, providing complementary insights into the role of low-GI diets in diabetes management across varying timeframes.
Wang et al. (2015) conducted a comprehensive meta-analysis of 19 studies involving 840 patients across various countries over durations ranging from 2 to 144 weeks. These studies compared the effects of LGI versus HGI diets on HbA1c in patients with T2DM. The results consistently showed significant differences (p<0.01) in HbA1c levels between the LGI and HGI groups, with the LGI group exhibiting lower levels. Specifically, in Australia (p = 0.03) and USA (p<0.01), the differences were notable. The study concluded that adopting LGI foods led to a 5% reduction in HbA1c, thereby offering a clinically useful improvement in medium-term glycaemic control for T2DM patients and geographical location contributed to the results. Whereas, Li, (2014) conducted a RCT in Shaoguan, China, with less participants (71) with T2DM for a shorter duration (12 weeks). Participants were divided into 2 groups: group one replacing breakfast with a LGI multi-nutrient supplement whilst the other maintained a regular breakfast while receiving diabetes management education every 2 weeks unlike Wang et al. which yielded a decrease in HbA1c by 0.2% and BMI in the treatment compared to increased HbA1c 0.3%  and weight (0.5kg) in the control group. Substituting breakfast with LGI supplement enhanced glycaemic control and weight management in T2DM, with a smaller scope than Wang's meta-analysis.


6.2 [bookmark: _Toc164363460]Low Carbohydrate Diet

[bookmark: _Hlk163141048]According to Oh et al. (2019) since 1860 and more prominently in 1972, LCDs have emerged as a weight loss strategy. LCDs approaches were rooted in the hypothesis that reducing insulin levels, a key hormone responsible for promoting fat storage and an anabolic state, which enhance cardiometabolic health and facilitate weight loss. Whereas, Chacón et al. (2024) indicated LCDs were initially delineated by William Banting in 1863 as a method for weight reduction and more recently, for addressing cardiovascular diseases, exercise, inflammation, oxidative stress and other comorbidities. Seid and Rosenbaum, (2019) stated in the 1940s, the diet-heart hypothesis linked high dietary fat to heart disease, prompting low-fat diet recommendations. Simultaneously, LCDs, originally devised for diabetes, gained traction for weight loss, fuelled by the idea that insulin induces weight gain thus, advocating carbohydrate reduction for effective and sustained weight loss. Whereas, Landry et al. (2021) emphasised the popularity of LCDs stems from influential weight loss books advocating their health benefits over traditional diets. Kazeminasab et al. (2024) outlined 5 evidential pillars supporting LCDs efficacy in regulating inflammatory cytokines. Initially devised for epilepsy treatment in the 1970s, very LCDs gained prominence for their ketogenesis-induced effects. LCDs later gained recognition for weight loss and blood glucose management benefits. WHO's advice to reduced sugar and refined carb intake boosted LCDs' global visibility. Numerous studies reinforced LCDs' effectiveness in reducing cardiovascular risk factors. Table 3 illustrates the classification of low carbohydrate diets.

Table 3: Depicting the classification of low carbohydrate diets (Oh et al ., 2019).
[image: ]
Wang et al. (2018) and Tay et al. (2015) conducted RCTs to investigate the effects of LCDs on glycaemic control in patients with T2DM. Wang et al. focused on Chinese T2DM patients, while Tay et al. included obese adults with T2DM. Both studies implemented dietary interventions, with Wang et al. comparing LCD and LFD over 3 months whilst Tay et al. compared VLCD and HCDs over 52 weeks. Both studies found improvements in glycaemic control, with reductions in HbA1c levels observed in the LCD/VLCD groups compared to the LFD/HCD groups. Wang et al. reported a significant decrease in HbA1c levels of 8.5% in the LCD group compared to 4% in the LFD group after 3 months. Tay et al. noted reductions in HbA1c with both VLCD and HCD but LCD led to greater reductions in glycaemic variability, triglycerides and increased HDL cholesterol. Methodologically, both studies employed dietary interventions, but Wang et al. focused on LCD versus LFD comparison, while Tay et al. compared very-low-carb to high-carb diets. Additionally, Tay et al. provided personalized dietary guidance and supervised exercise sessions, which were not explicitly mentioned in the methodology of Wang et al. Overall, while both studies demonstrated the potential benefits of LCDs in improving glycaemic control in patients with T2DM, Tay et al. suggested that VLCD, especially those high in unsaturated fats, may offer additional advantages for long-term management.
Morris et al. (2019) conducted an individual RCT in Oxfordshire, UK, involving participants with T2DM and a BMI of at least 30kg/m2. The study compared the effects of a low-energy, LCD to usual care over an 8-week duration with the implementation of a nurse’s support and self-help booklet. Which yielded significant weight loss (9.5 kg) intervention group and a substantial decrease in HbA1c levels (-16.3 mmol/mol) compared to the usual care group (-0.7mmol/mol). Furthermore, the intervention group showed improvements regarding glucose regulation and cardiovascular risk reduction (-3.6%), with several participants discontinuing diabetic and hypertensive medications. The study demonstrated the feasibility of delivering the low-energy LCD in primary care settings and highlighted its efficacy in achieving short-term weight loss and improving glycaemic control. In contrast, Saslow et al. (2017) undertook a 12-month trial comparing a VLCKD to a moderate carbohydrate calorie restricted (MCCR) diet in overweight adults with T2DM or prediabetes. Participants were encouraged to be physically active, get sufficient sleep and practice behavioural adherence strategies focusing on positive affect and mindful eating which resulted in greater reductions in HbA1c levels (6.6 to 6.1%) and BMI (8.3%) in the VLCKD compared to those on the MCCR diet HbA1c (6.9 to 6.7%) and BMI (3.8%). Additionally, the LCK diet group achieved significant weight loss and reduced diabetes medication use, particularly sulfonylureas and dipeptidyl peptidase-4 inhibitors, compared to the MCCR group. Although LDL cholesterol increased more in the LCK group at 6 months, the difference was not significant at 12 months. These findings suggest the advantages of the LCK diet for glycaemic control and medication reduction in individuals with prediabetes or T2DM compared to the MCCR diet. Overall, both studies demonstrated the potential benefits of LCD regarding improving glycaemic control and weight loss in individuals with T2DM, they varied in terms of duration, methodology and specific outcomes measured.
Goldenberg et al. (2021) and Korsmo-Haugen et al. (2018) investigated the effectiveness of LCDs for individuals with T2DM but with different emphasis on methodology and outcomes. Goldenberg et al. conducted a comprehensive analysis of 23 studies focusing on the effectiveness and safety of LCDs and VLCDs in T2DM patients 46- 67 years with 61% utilising insulin, whilst Korsmo-Haugen et al. performed a review comparing LCDs to HCDs in adults with T2DM for a duration exceeding 3 months. Goldenberg et al. primarily analysed the impact of LCDs on metabolic health outcomes such as weight loss, HbA1c levels and fasting glucose levels over 6 to 12 months. LCDs resulted in greater weight loss (-3.46 kg), reductions in HbA1c levels (-0.47%) and fasting glucose levels (-0.73 mmol/L) compared to controls. Whereas, Korsmo-Haugen et al. focused on comparing various health markers between LCDs and HCDs, including weight loss, HbA1c, lipid profiles and blood pressure. While they found no significant differences in weight loss between LCDs and HCDs, LCDs were associated with a greater reduction in HbA1c levels (MD, −1.0 mmol/mol) in short-term studies. Additionally, they observed a slightly greater reduction in triglycerides with LCDs but found no significant differences in lipid profiles and blood pressure between the two diet groups. Overall, both studies suggest the potential benefits of LCDs for improving metabolic health outcomes in individuals with T2DM, albeit with some variations in the magnitude and duration of effects.
Silverii et al. (2020) and Meng et al. (2017) both conducted meta-analyses examining the efficacy of LCDs in managing T2DM, yet they approached the analysis with some differences in methodology and emphasis. Both studies included RCTs but varied in the number of trials and participants included. Silverii et al. analysed 37 trials with a total of 3301 patients, whilst Meng et al. focused on 9 studies involving 734 participants. Silverii et al. classified diets based on carbohydrate content, distinguishing between balanced, mild and very low carbohydrate diets, whereas Meng et al. compared LCD efficacy with normal or high carbohydrate diets. Both studies examined outcomes such as HbA1c levels, weight loss and lipid profiles. Both studies found significant reductions in HbA1c levels with LCDs compared to controls, suggesting the potential effectiveness of LCDs in improving glycaemic control in T2DM patients. However, Silverii et al. noted that the effect was more pronounced in the short term (3 to 6 months) HbA1c at 3 months (MD -0.43, 95% CI -0.60, -0.26, I2 0%), HbA1c of  (MD -0.40, 95% CI -0.59, -0.22, I2 0%) and reduced BMI at 6 months which diminished over longer durations (12 to 24 months) possible diet noncompliance, while Meng et al. emphasized the consistent improvement in HbA1c levels (p=0.00) across different follow-up durations (3 to 24 months) and short term weight loss. Additionally, both studies reported improvements in lipid profiles, with reductions in triglyceride levels and increases in HDL cholesterol associated with LCDs. However, Silverii et al. expressed concerns about the impact of increased fat intake on cardiovascular health, highlighting the need for further investigation. Overall, both studies support the potential benefits of LCDs in managing T2DM, they also underscore the importance of considering the duration of intervention and potential risks associated with dietary changes.
Lastly, Huntriss et al. (2017) conducted a systematic review and meta-analysis on low-carbohydrate regimens in T2DM management, encompassing 18 studies and 2204 participants. Results showed that most studies, particularly at 3 months, indicated improvements favouring LCD, with significant reductions in HbA1c levels. Similar trends were observed at 6 months and 1 year. Approximately, 70.6% of studies favoured LCD, demonstrating significant improvements in HbA1c levels. Moreover, LCD improved triglyceride and HDL cholesterol levels, similar to Milenkovic et al. result suggesting improved SPB outcomes at 1 year. Challenges with dietary adherence were noted but achieving a LCD (<130 g/day) appeared feasible. Notably, low-carb interventions reduced diabetes medication dependency and initially outperformed control diets in weight loss. However, this advantage diminished over time and no significant differences were observed in total cholesterol, LDL cholesterol or DBP between groups. Overall, the study highlights the potential benefits of LCD for improving HbA1c levels and cardiovascular risk factors in T2DM management.


6.3 [bookmark: _Toc164363461] Vegetarian/ Vegan diet

According to Hargreaves et al. (2021), vegetarianism has deep roots, dating back to ancient Egyptian civilizations in 3200 BC, driven by beliefs in reincarnation. Over time, its expansion has been intertwined with religions advocating pacifism for animals, such as Hinduism and Buddhism. In modern times, scientific research has highlighted health benefits, fuelling its global popularity. Vegetarianism spans various diets, ranging from complete meat exclusion to less restrictive patterns, accommodating diverse preferences (See Table 4 below). In the realm of vegetarianism, there are various dietary choices. Segovia-Siapco and Sabate, (2018) stated a vegetarian diet comes in various forms, primarily centred around plant-based foods. While there isn't a single blueprint, vegetarians differ in their avoidance of animal products. Some adhere strictly to plants, like in vegan diets, while others incorporate limited amounts of animal-derived foods into their dietary regimen. 
Table 4: Depicting the various vegetarian diets (Baik and Bird, 2022; Derbyshire, 2017;Wang et al., 2023).
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Additionally, subclassifications include raw vegan, frugal and macrobiotic diets, each with unique characteristics and emphasis on natural, plant-based foods such as algae, soybeans and whole grains. Furthermore, plant-based diets (PBD) offer numerous health advantages, with vegetarian diets notably linked to lower risks of various health issues (Fresan and Sabate, 2019). Vegetarians experience reduced incidence of comorbidities such as T2DM, obesity and coronary heart diseases, leading to longer life expectancy (WHO, 2021). Studies conducted by Leitzmann, (2014) in African, Asian and Mediterranean countries have indicated that populations adhering to traditional diets, primarily plant-based, exhibit lower rates of diet-related non communicable diseases (NCDs) and longer lifespans. This suggests that PBDs offer health benefits beyond just meeting nutrient requirements. The future of vegetarian nutrition appears promising for several reasons due to ethical and spiritual concerns, advocating for humane treatment of animals and organic farming (Sabate and Soret, 2014). Environmental, economic and political factors support sustainability and climate preservation (WHO, 2021). Health considerations drive a shift towards vegetarianism to prevent diet-related diseases. Sustainability and peace objectives emphasize mindful living for current and future well-being.
Bunner et al.'s (2015) study focused on individuals aged 18-65 with T2DM and painful neuropathy in the Washington, DC area. The study employed a 20-week RCT with 35 participants, dividing them into intervention and control groups. The intervention group followed a PBD emphasizing low-fat, LGI foods, supported by weekly nutrition classes and social support. The vegan diet studied comprised a nutrient-balanced approach, with 10% of energy derived from fats, 15% from proteins and 75% from carbohydrates. In contrast, the ADA control group followed a diet with 15-20% of energy from proteins, minimal saturated fats (<7%), 60-70% from carbohydrates and inclusion of monounsaturated fats. ADA participants adhered to cholesterol intake limits of under 200 mg daily and for those with BMIs >25 kg/m2, aimed for a daily caloric deficit of 500 -1000 kcal. Significant improvements, including weight loss (7.0kg) and reduced HbA1c levels (0.8 percentage points), were observed in the intervention group due to adherence and increased nutritional literacy interventions thus, improving diabetic neuropathy symptoms. In contrast, Pollakova et al. (2021) study encompassed a broader population across the United States and Korea, with varying intervention types and durations ranging from 6 -74 weeks and participant numbers from 11 to 99. Despite methodological differences, both studies reported reductions in HbA1c levels post-intervention, indicating the potential benefits of dietary modifications for T2DM management. However, significant differences between intervention and control groups were observed in only two studies, suggesting the need for further research to ascertain the effectiveness of dietary interventions in this context.
In Kashyap et al. (2022) comparison between vegan and VLCD, findings revealed no significant alterations in body weight, anthropometric measurements or glycaemic control when contrasting vegan diets with conventional diabetes diets, as previous study by Snel et al. regarding the potential of VLCD only improve BMI when combined with exercise. However, a noteworthy reduction in LDL cholesterol was observed with the vegan diet, while total or LDL cholesterol levels remained unaffected with significant reduction in HbA1c and fasting glucose. Research underscores the efficacy of adopting a vegan diet which significantly lowered total and LDL cholesterol, thereby mitigating cardiovascular disease risk, possibly attributed to reduced intramyocellular lipid concentration. This holds particular importance given the prevalence of cardiovascular comorbidities in T2DM and its role as a leading cause of premature mortality amongst diabetic populations. Whereas, Toumpanakis, et al. (2018) delved into the effectiveness of  PBD for managing T2DM amongst adults over  4 weeks. Findings indicated participants following a PBD illustrated better control of their diabetes compared to those on other diets. Further scrutiny showed even more significant decreases amongst participants with unchanged medication and high adherence to the diet, which resulted in greater reductions in HbA1c levels in the intervention group compared to those in the control groups, indicating improved diabetes control and reinforcing the efficacy of PBDs in managing T2DM.

Research by Rinaldi et al. (2016) employed a RCT design, where participants were randomly assigned to either a vegetarian or a traditional diabetes diet. Both diets aimed for equal caloric reduction, with the vegetarian diet emphasizing higher carbohydrate intake and limited animal product consumption compared to the control diet. The study duration was 12 weeks, during which participants received meals, vitamin B12 supplements and weekly educational sessions. The educational interventions resulted in a substantial decrease in HBA1C levels in the vegetarian group, significant improvements in weight loss, waist circumference and insulin sensitivity. Although between-group differences in HbA1c reduction were not statistically significant, the findings strongly advocate for the incorporation of PBDs into medical nutrition therapy for T2DM. In contrast, Lee et al. (2016) 12-week study comparing a vegan diet with a conventional diabetes diet. The experimental group followed a vegan diet rich in whole grains, vegetables, fruits and legumes, while the control group adhered to the conventional diabetes guidelines which consisted of 50–60% carbohydrates, 15–20% protein, less than 25% fat, less than 7% saturated fat, minimal trans-fat consumption and a maximum of 200 mg/day of cholesterol and moderate physical activity. Both diets led to significant reductions in HbA1c levels amongst T2DM patients, with the vegan diet showing greater efficacy in glycaemic control, especially in those who strictly adhered to it. Despite comparable glycaemic improvements, triglyceride levels increased in the vegan group due to unrestricted portion sizes and lack of physical activity, contrasting with the conventional group's decrease, indicating potential lipid metabolism distinctions between the diets. The study highlights the importance of caloric intake and weight loss in achieving improved glycaemic control, regardless of the diet followed. 
Fundamentally, Johannesen et al. (2020) conducted a systematic review comparing the impact of PBDs on health markers in individuals with T2DM. Mishra et al. found that both low-fat vegan and conventional omnivorous diets led to reductions in HbA1c levels over 18 weeks, with the vegan diet showing a significantly greater decrease. Lee et al. and Turner-McGrievy et al. also observed positive outcomes with vegan diets, particularly in improving HbA1c levels and reducing the glycaemic index. There were occasions where no notable enhancements in HbA1c levels occurred within both the intervention and control groups. Among the plant-based intervention group, 56% illustrated enhanced glycaemic control from initial to postintervention, with 49% reporting significant improvements. The overall outcomes appear inconclusive, possibly attributed to the participants being solely responsible for their dietary choices and meal preparations.



6.4 [bookmark: _Toc164363462] Mediterranean Diet

As per Guasch‐Ferré and Willett (2021), the Mediterranean diet, coined by Ancel Keys in 1960, stands as one of the most extensively studied and acknowledged dietary patterns worldwide. Originating from cultures bordering the Mediterranean Sea, it embodies the societal traditions and ways of life of those areas, serving as a cornerstone of their cultural heritage. Moreover, Rishor-Olney and Hinson (2020) defined the term "Mediterranean diet" as the dietary practices observed in Mediterranean coastal areas such as Greece, Italy, Southern France, Crete, Spain and parts of the Middle East. Traditionally, this diet prioritizes plant-based foods, with fish and poultry serving as the main animal-based protein sources and minimal intake of dairy. Although contemporary variations may include increased consumption of red meat and processed foods, the fundamental principles of the Mediterranean diet continue to centre around plant-based foods and beneficial fats. Lacatusu et al. (2019) emphasised, Ancel Keys, famed for his research on starvation effects, observed a post-war drop in heart attacks in Europe, attributing it to decreased high-fat diets. His 7 Countries Study demonstrated diet's influence on heart health, spotlighting regions like Crete with lower heart disease rates due to their Mediterranean diet. Keys coined the term "Mediterranean diet" to describe this heart-healthy eating pattern, reshaping nutrition science by highlighting diet's role in preventing chronic diseases. According to UNESCO, (2013) the Mediterranean diet serves as a cultural bedrock, nurturing social bonds through communal dining, heritage and principles. It honours culinary expertise, seasonal cycles and generational wisdom, highlighting the significance of women and local markets. This dietary tradition reflects hospitality, innovation and appreciation for differences, influencing identities and promoting unity within the Mediterranean region. Trichopoulou et al. (2014) delineate the traditional Mediterranean diet by its emphasis on vegetables, fruits, nuts, legumes and unprocessed cereals, while limiting meat and dairy intake (See Figure 2). Alcohol, particularly wine, is consumed moderately during meals, reflecting ancient Greek customs. The diet favours monounsaturated fats, primarily from olive oil and typically involves moderate fish consumption. Adherence to the Mediterranean diet reduces risks of mortality, NCDs, cognitive disorders (Schwingshackl et al., 2019), bolstered by physical activity and abstinence from tobacco and excessive alcohol (Martinez-Lacoba et al., 2018).
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Figure 2: Illustration of the Mediterranean diet pyramid (Guasch‐Ferré and Willett, 2021).
Gardner et al. (2022) and Ismael et al. (2021) both investigated dietary interventions in individuals with prediabetes and T2DM, but with different methodologies and focuses. Gardner et al.'s RCT involved 40 participants comparing a whole food ketogenic diet (WFKD) with a Mediterranean plus diet, showing significant improvements in HbA1c levels in both groups, with greater reductions in triglycerides and LDL cholesterol in the WFKD group. However, the WFKD had lower fibre intake and certain nutrient deficiencies compared to the Mediterranean plus diet, which may affect long-term sustainability. In contrast, Ismael et al.'s 12-week pilot study focused on a Mediterranean diet's effects on T2DM, observing consistent reductions in HbA1c levels below 7.00%. Adherence to the Mediterranean diet reduced insulin resistance in peripheral tissues as evidence by a decrease in HOMA-IR, mediated through interactions with the gut microbiota. Both studies highlight dietary interventions' potential in improving metabolic parameters, with Gardner et al. emphasizing differences between dietary approaches and Ismael et al. focusing on the Mediterranean diet's specific metabolic impacts, particularly insulin resistance reduction and gut microbiota interactions.
Currenti et al. (2024) and Derrick et al. (2023), investigated dietary interventions' effects on individuals with T2DM and related metabolic conditions, each with a 16-week duration. Currenti et al. compared a LCD and Mediterranean diet amongst 100 individuals with poorly managed T2DM and overweight or obesity with a 500 Kcal energy deficit, received 5 meals daily and compliance monitored by dieticians whilst Derrick et al. focused on a Mediterranean style diet combined with weekly physical activity in individuals with T2DM, prediabetes and those metabolically healthy. Both studies observed significant improvements in various metabolic parameters, including weight loss, BP and glucose control. However, Currenti et al. indicated the LCD yielded superior outcomes across multiple parameters due to < 26% carbohydrates compared to the Mediterranean diet which consisted of 50- 60% carbohydrates, including reductions in BMI, blood glucose levels, cardiovascular risk indices including reductions in BMI, BP, waist circumference, cholesterol levels, cardiovascular risk indices, renal function; albuminuria, serum creatinine levels and estimated glomerular filtration rate (e-Gfr). Conversely, Derrick et al. demonstrated substantial improvements in fasting plasma glucose levels amongst prediabetic and T2DM participants, reduction in adiposity, positive shifts in HbA1c levels (from 6.8 to 6.0%) nearing prediabetic and normal levels persistently in the T2DM group. Due to adherence and physical activity both studies underscored the potential of dietary interventions in improving glycaemic control and other metabolic parameters.
[bookmark: _Hlk164021381]Esposito et al. (2015) conducted meta-analyses and RCTs over a 24-month duration. They reported a significant reduction in HbA1c levels (0.30% to 0.47%) amongst individuals with T2DM following the Mediterranean diet. Moreover, obese individuals with T2DM experienced a substantial decrease of 0.5% to 1.1% in HbA1c levels over the 24-month period. Additionally, the PREDIMED study cited by Esposito et al. reported a significant decline in cardiovascular events risk (from 30% to 28%) amongst newly diagnosed T2DM patients following the Mediterranean diet, slowed the progression of atherosclerosis and decreased the risk of metabolic syndrome (by 15% to 80%), BP (SPB 1.45mmHg, DBP 41mmHg), fasting insulin (-55ul/ml) and FPG (-0.72 mmol/L). Similarly, Milenkovic et al. (2021) conducted a comprehensive review on studies from 2013 to 2020. Although the exact duration of the individual studies included in their analysis varied, they observed improvements in glycaemic control with the Mediterranean diet, reporting a reduction in HbA1c levels by 0.47%, weight (1.84kg), triglycerides (-0.21 mmol/L) and an increase in HDL cholesterol levels (+0.04 mmol/L) with the Mediterranean diet.
[bookmark: _Hlk164012234]Kailatzi et al. (2014) conducted a systematic review synthesizing evidence from 39 studies on the Mediterranean diet's effects on T2DM. Itsiopoulos et al. observed a decrease in HbA1c levels from 7.1% to 6.8% amongst participants adopting the Mediterranean diet, showcasing its potential in improving glycaemic control, steatosis in non-fatty liver disease (NAFLD), alleviate personal and social burdens. Ivan et al. (2022) focused on the Italian ketogenic Mediterranean diet's impact on overweight and obese individuals with prediabetes or T2DM. Their study involved 80 patients divided into two groups, with one adhering to a very low calorie ketogenic Mediterranean diet (VLCKMED) and the other to a very low-calorie Mediterranean diet (VLCDMED) for 30 days. Both interventions resulted in decreases in body weight and BMI, with the VLCKMED group showing more significant reductions in waist and hip circumferences and fat mass. Significant improvements in fasting blood glucose, HbA1c (p < 0.001), insulin, total cholesterol, LDL and triglycerides were observed only in the VLCKMED group, as this diet promotes ketone production that induces satiety which enhanced adherence, metabolic and anthropometric metrics swiftly. Whilst both studies demonstrated dietary interventions' potential in improving metabolic parameters, Ivan et al.'s study emphasized the significant improvements observed in the VLCKMED group, particularly in glucose metabolism and lipid profile, compared to the VLCDMED group.


7. [bookmark: _Toc164363463]Conclusion/ Recommendations

[bookmark: _Hlk164182984]Essentially, low glycaemic index, low carbohydrate, vegetarian/ vegan and Mediterranean dietary regimens have demonstrated efficacy in enhancing HbA1c levels for treating and managing T2DM in adults over 18 years old. Vegetarian/ vegan diets are equally effective as omnivorous diets, showing significant improvements in glycaemic control (measured by HbA1c) amongst individuals with T2DM. Robust adherence and in some instances physical activity yielded favourable metabolic outcomes, encompassing discontinuation/ reductions in reliance on diabetes and hypertension medication, various anthropometric measures including BMI, mitigation of cardiovascular risks, fostering favourable alterations in lipid profiles and renal function. While LCDs excelled in mitigating symptoms associated with diabetic neuropathy, Mediterranean diet offered distinct advantages in attenuating microvascular complications, ameliorating liver steatosis in NAFLD, retarding the progression of atherosclerosis and metabolic syndrome. Particularly noteworthy is the Mediterranean diet's potential for inducing diabetes remission and augmenting gut microbiota, with discernible benefits typically manifesting more rapidly in the short term compared to protracted durations. The vegan/vegetarian and Mediterranean diets exhibit greater sustainability. Nutritional education and social support bolster dietary adherence. However, the adoption of any dietary regimen hinges on an individual's adherence level, influenced by factors including personal preference, current lifestyle, religious beliefs, cultural practices, economic considerations like affordability and accessibility to ingredients. Moreover, it's crucial to customize dietary recommendations according to an individual's preferences and specific requirements for the treatment and management of T2DM.
7.1 [bookmark: _Toc164363464]Strengths

The meta-analysis employed rigorous methods to detect bias and assess outcomes, providing a comprehensive understanding of dietary regimens and safety. Community volunteers were involved in several studies, enhancing applicability. Randomized designs, control groups and adequate observation periods ensured robust evaluations for clinical changes. Ivan et al. pioneered Italy's first nutritional intervention focusing on VLCKD and Mediterranean diet without phyto extracts or medications briefly. In some studies, participants acted as their own controls, receiving provided meals, bolstering adherence and generalizability.
7.2 [bookmark: _Toc164363465] Limitations

A common challenge across the studies was a high risk of bias, particularly related to performance bias. Additionally, inadequate data on renal safety and poor compliance due to travel and social gatherings were noted. Inconsistencies in test meal composition also complicated result interpretation. The COVID-19 pandemic disrupted some studies, leading to extended diet phases for participants. Small sample sizes and lack of stratification by sex reduced statistical power. Lastly, the absence of markers of skeletal metabolism due to the unavailability of muscle biopsies further limited data interpretation.
7.3 [bookmark: _Toc164363466]Gaps 

There is a paucity of journals specifically addressing the LGI diet within the relevant literature.
7.4 [bookmark: _Toc164363467]Practical Implications

This research offers insights into employing dietary regimens as non-pharmacological interventions for T2DM. Such insights empower healthcare professionals, public health policymakers and educational institutions to make informed decisions concerning lifestyle adjustments, improve nutritional literacy and enhance clinical outcomes. Consequently, this approach can mitigate the health, social and economic burdens associated with T2DM.
7.5 [bookmark: _Toc164363468]Future Research 

Future research should aim to elucidate the role of dietary interventions in preventing and managing prediabetes, T2DM and obesity. Some studies overlooked the broader ramifications of dietary interventions, failing to address their potential effects on physiological systems beyond cardiometabolic health. Longitudinal studies are crucial to assess the sustained efficacy of various dietary approaches and explore underlying mechanisms. Large-scale studies are needed to enhance statistical power and generalizability. Improving dietary compliance and adherence should be prioritized in future trials to maximize the effectiveness of interventions. Moreover, investigations into whether these dietary regimens enhance retention and adherence rates are warranted. Lastly, there is a need for consensus on the definition of diabetes remission, particularly regarding the criteria for HbA1c/fasting glucose levels, medication use and follow-up duration.
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