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The effectiveness of weight loss, lifestyle, and dietary interventions as a successful way of achieving type 2 diabetes remission: A Literature Review.
Introduction
‘Type 2 diabetes has reached epidemic levels among both adults and children worldwide’, Ling et al., (2020). Type 2 diabetes, the most common type of diabetes, is a condition that occurs when the blood glucose, also called blood sugar, becomes too high and the pancreas can no longer work properly or make enough insulin, (Wiley et al., 2019). Insulin is a hormone made by the pancreas that helps the glucose get into the cells to be used for energy, (Willett et al, 2015), blood glucose is the main source of energy and comes from the food consumed, if this is too high then hyperglycaemia can occur, (Turner, 2021). Hyperglycaemia is when the blood glucose remains too high due to the lack of insulin in the blood, (Wilcox et al, 2015), this can cause excessive thirst and hunger, vomiting, rapid heartbeat, and vision problems, (Hammer et al, 2019). To be diagnosed with type 2 diabetes, the patient must have regular symptoms of diabetes and have one positive blood test, (Dansinger, 2021), for example if the plasma glucose is greater than 11mmols or have a fasting blood glucose greater than 7 mmols, (Fornoville, 2022). Additionally, in a diabetic person, blood sugar levels are usually at an increased rate, for example a normal blood sugar should be between 4.0-5.4 mmols and 7.8mmols when fasting, however, in diabetics blood sugars are usually between 11.1-12mmols, (Schriever et al, 2020), regular blood sugar monitoring is essential when living with diabetes in order to control the condition, (Davidson et al, 2022). 
Around 90% of people with diabetes have type 2 in the UK (United Kingdom), it is a serious disease and can be lifelong, (Lui et al, 2020). High sugar levels in the blood can seriously damage parts of the body, such as eyes, heart, and feet,( Beulens et al, 2016) some symptoms of Type 2 diabetes include frequent urination, excessive thirst, tiredness, fatigue, and blurred vision, (Guttormsen, & Chadwick, 2017). Some people are more at risk of developing type 2 diabetes than others, it can occur at any age, even childhood, however, it usually occurs more often in people who are middle age or older, especially over the age of 40, (French et al, 2019). Furthermore, people are more likely to develop type 2 diabetes if there is a family history of diabetes, genetics can play a strong role in the development of diabetes, (Cole et al, 2022). Middle-aged men are at an increased risk of developing type 2 diabetes more than women, this is because men store more body fat particularly in the stomach compared to women, (Ali et al, 2023). Diabetes is more common in men, 9.6% compared with 7.6% women, (Nordstrom et al, 2022). In recent published study, it was revealed that between 1971-2000, men with diabetes live 7.5 years less than men who do not have diabetes, (Livingstone et al, 2015). 
Also, being overweight/obese can increase the risk of diabetes, obesity is believed to account for 80-85% of the risk of developing type 2 diabetes, (Verma & Hussain, 2019). Body mass index (BMI) is a measurement that uses height and weight to work out if someone has a healthy weight, (Udler et al, 2018), 18.5-24.0 is considered a healthy weight range, (Blackburn et al, 2014). However, a BMI greater than 30 can increase insulin resistance which is caused by excessive abdominal fat and causes the body to become less sensitive to insulin, (Tucker et al, 2017). Additionally, race can also play a role in the development of diabetes, African Caribbean, black African or south Asian (Indian, Pakistani, or Bangladeshi) are all at a higher risk of developing diabetes due to their origins, (Knowler et al, 2022). Moreover, physical Inactivity and certain health problems such as high blood pressure can increase the chances of developing type 2 diabetes, (Swinburn et al, 2019). There is a close association between obesity/ physical inactivity and type 2 diabetes, (Morrish et al, 2012), physical activity and regular exercise can help to control blood sugar levels, weight and blood pressure which can decrease the chances of developing type 2 diabetes, (Boule et al, 2001). 
According to the World Health Organisation, in 2022, approximately 422 million people have diabetes worldwide (6.3% of the world's population) the majority living in low- and middle-income countries, particularly western Europe, and directly contribute to 1.5 million deaths from diabetes each year, (Robertson, 2022). Additionally, 4.4% of those living with diabetes are 15-49 years old, 15% are aged 50-69, and 22% of those are 70+), (Williams et al, 2022). Globally, both the number of cases and prevalence of diabetes have been steadily increasing over the past few decades, (Cho et al, 2018), with trends displaying that this will continue to rise worldwide, meaning that urgent public health and clinical prevention measures are essential, (Gregory, 2022). 
[bookmark: _Int_X7eGrtu3]In the UK, type 2 diabetes is one of the most common chronic diseases and its prevalence is increasing as of 2020, (Mahajan et al, 2020). In 2018-19 there were 3,919,505 people diagnosed with diabetes in the UK, (Vujkovic et al, 2019), there are currently 4.9 million people in the UK living with diabetes and 13.6 million people are at risk of developing this condition, (Robinson et al, 2022). According to the International Diabetes Federation, this has increased from 2009, where only 2.6 million people in the UK had been diagnosed with diabetes, (Shaw et al, 2019), and since 1996 the number of people diagnosed with diabetes was 1.4 million, (Whiting et al, 2019). This is estimated to increase to 5.3 million people in 2025, statistics show no signs of this decreasing in the near future, (Zaninotto et al, 2008).
‘Type 2 diabetes doesn’t have to be a lifelong condition’, (Robertson, 2019). Type 2 diabetes remission occurs when blood sugar levels (glucose levels) are below the diabetic range (<7.1mmols), (Kalra et al, 2021), and a sustained metabolic improvement where HbA1c levels return to normal (48mmols), for at least three months in the absence of glucose-lowering medication, (Riddle et al, 2021). Type 2 diabetes can be reversed and there are many factors that play a role in the remission, (Captieux et al, 2020). Remission is achieved when the blood sugar levels are below the diabetic range without the need of diabetes medication, (Poulson, 2022). This is usually achieved through a combination of weight loss, diet and exercise, (Singla et al, 2022).  People living with obesity or are overweight are more likely to put the diabetes into remission if a substantial amount of weight (approximately 15kg) is lost as soon as possible after diagnosis, (Bose, 2023). 
 
 Objective
This topic was chosen due to the rising number of people developing type 2 diabetes in the UK and worldwide, living with type 2 diabetes is a serious condition and can cause several complications in the body, it is critical that people are aware of how to treat and control this disease to prevent any complications or to reverse the condition completely.
The purpose of this review is to identify whether weight loss, exercise and diet interventions can successfully put type 2 diabetes into remission. Those living with type 2 diabetes should be aware of the ways to control and reverse this disease which will be beneficial to health and greater quality of life. An increased knowledge and health literacy can lead to better management of diabetes, greater engagement with health care providers, decreased hospitalisation rates and decreased health care costs. 
Methods
[bookmark: _Int_5o9Wb8ap]An initial search of the Cochrane library, National library of Medicine, PubMed and the University of Wales Trinity Saint David library was conducted in October 2022, all of which include terms such as ‘Diabetes in the UK, ‘Effects of type 2 diabetes’, ‘diet and type 2 diabetes’, ‘exercise and type 2 diabetes remission’. A total of 1,100 articles were identified, of which 1050 were excluded based on the inclusion criteria and a further 41 were excluded due to a lack of relevance to both type 2 diabetes and the remission of type 2 diabetes. The remaining 9 articles were reviewed in detail and an initial screening of the articles’ abstracts was conducted using the selection criteria to determine which articles to include or exclude. Articles were considered relevant if diabetes was included as a medical condition in the study and an intervention was made to assess or improve health literacy. The initial search included clinical trials, cross-sectional studies and cohort studies conducted in human subjects living with type 2 diabetes, some were UK based others were worldwide. The articles also had to be within five years of the initial study as medical research can quickly become outdated and no longer relevant for current research. 
Another search was conducted in February 2023 to find new and up to date data which will make the study more relevant and accurate.  The studies included how adults living with type 2 diabetes reach the remission stage through intensive exercise and diet interventions. Moreover, comparisons will be made between these studies, demonstrating why some people manage diabetes remission and others do not. The review will present the best available research in relation to the research question, finding will be generalisable across populations, environment, and groups. The focus of this review will be on collecting data relating to the populations studied and authors findings. The type of people taking part in conducted studies will be taken into considering as physiological factors play a key role in the development of type 2 diabetes. Factors such as gender, BMI and socio-economic status will be considered to draw fair conclusion.



Review of the literature 

[bookmark: _Int_kAGZuzDR]Type 2 diabetes is often regarded as a progressive, lifelong disease requiring an increasing number of drugs, however, sustained remission of type 2 diabetes is now well established but is not yet routinely practiced, (Ko & Kim, 2022). Norwood surgery has used a low-carbohydrate programme aiming to achieve remission since 2013. The study, completed by Unwin et al., (2020), published in the BMJ Nutrition, Prevention and Health, found that diet plays an extremely important role in type 2 diabetes remission, particularly a low carbohydrate diet which was effective in achieving glycaemic control and remission in people living with type 2 diabetes. The study was conducted in Norwood Surgery in the UK, using 9800 participants of which 61% were male, 39% were female, the median age at baseline was 63 and 38% of the cohort were people within one year of type 2 diabetes diagnosis. They were routinely offered advice on low carbohydrate diets and weight loss between 2013-2021, 39% of participants went on a low carbohydrate diet. Conventional ‘one to one’ GP consultations and personal phone calls as necessary. Glycaemic load data were also presented to encourage a reduced intake of sugary and starchy foods, for example, replacing breakfast cereals, rice, bread and potatoes with full-fat dairy products, eggs, green leafy vegetables, meat, fish, berries and nuts (with sensitivity to each patient's sociocultural dietary needs and preferences). After approximately two years and seven months, participants’ weight fell by an average of 10kg, and remission was achieved by 51% of the cohort as well as LDL cholesterol and blood pressure decreased. The group which pursued the low carbohydrate diet had the greatest improvements in diabetic control. A commonly reported patient finding was how surprised they were not to feel hungry on this diet, randomised controlled trials have shown that a low- carbohydrate diet may decrease appetite, making weight loss easier. All other baseline metrics such as age, weight, blood lipids and blood pressure were not significantly different between remission and non-remission groups. Remission of diabetes was achieved in 77% of people with type 2 diabetes less than a year after the programme started. Overall, the role of weight loss in remission is important, the findings of this study support this, with none achieving remission without weight loss. The findings of a low-carbohydrate diet intervention with weight loss can be particularly effective in delivering remission for those with a lower HbA1c (blood glucose level) or those who have had diabetes for a shorter timer, it can also give hope to those with poorly controlled type 2 diabetes.
[bookmark: _Int_Noy66AV6]Further studies have also found comparable results relating to diet and type 2 diabetes remission. New research from the team ‘DiRECT trial’, funded by Diabetes UK, presented new data, in 2020, relating to low- calorie diets and weight control on the remission of type 2 diabetes. Taylor et al., gathered 306 participants to take place in this type 2 diabetes remission trial, all participants had been diagnosed with type 2 diabetes some years prior to this trial. The researchers aim was to gather further knowledge on biological processes during remission, they are aware that remission is linked to a drop in fat levels in the liver and pancreas, however this study is aiming to portray how weight management approach leads to remission to help make it a reality for as many people living with type 2 diabetes as possible. The pancreas in in people with type 2 diabetes is around 20-30% smaller than people without type 2 diabetes, it also has a different shape to normal (Lim et al, 2011). The low-calorie diet consists of approximately 800-1200 calories per day, often made up of soups and shakes or very small portions of food. Participants were provided with recipes and information relating to this diet to ensure all nutrient needs are being met. During the trial they used MRI scanners to measure the shape, size and amount of fat in the pancreas to determine how it changed during the trial.  After 12 weeks of the trial, they found that the size of the pancreas had increased by 20% in people who went into remission, almost back to normal size. The shape of the pancreas also returned to normal and level of fat in the pancreas also fell. In people who did not go into remission, the size and shape of the pancreas did not change as much. The results also demonstrated additional benefits such as improved blood sugar levels, better quality of life, and a reduction in medication use.  Approximately 59% of participants went into remission during this trial which demonstrates evidence that type 2 diabetes remission can be achieved through a low-calorie diet and help restore the health of the whole pancreas. They stated that weight loss of approximately 15kg is necessary for most people to allow diabetes remission and, diabetes is most easily reversed within the early years of diagnosis. The researchers stated that the results of this trial will enormously encourage anyone living with type 2 diabetes to learn that their small pancreas can return to normal size and knowing what a treatment programme can do inside the body which is motivating and reassuring for patients. 
In addition, many studies on the remission of type 2 diabetes have been carried out in western countries with most participants being white origin, (Astbury et al, 2018). It is important to also include studies that examine a wide variety of ethnic groups and whether the remission of type 2 diabetes affects those groups differently. A recent study in Barbados (Bynoe et al, 2020), on a predominantly African Caribbean population observed rates of weight loss included remission of type 2 diabetes. The aim of this study is to determine the feasibility of a low-calorie diet for a 3-month period on type 2 diabetes in the African Caribbean population of Barbados. All participants had been diagnosed within the past six years and are not using insulin but are using other types of diabetic medication.  The study was carried out over eight weeks and participants followed the hypocaloric liquid diet (760kcal/day) with withdrawal of diabetes medication on day 1 of the diet. This diet included food and drink such as fruit and vegetable juice (no pulp), soft drinks, soup, Greek yoghurt, oats and fish.  Insulin response was assessed in meal tests at week eight, they also used semi-structured interviews, analysed thematically and explored participants experiences in order to gather the data. The review included 10 men and 15 women; ages ranged from 26-68 years old. The mean BMI of the group was 34.2 kg/m and 88% of participants classified themselves at black ethnicity, 8% as mixed race and 4% as white. Results determined that, the average weight loss at 8 weeks was 10kg, and eleven out of 25 (44%) of people lost more than 10kg and 4 out of 25 (16%) lost more than 15kg. Mean BMI decreased by 3.4kg/m and on average men lost more weight than women, men lost 11.7% of their baseline body weight compared with 8.6% in women. Furthermore, 43% achieved non-diabetic fasting blood glucose levels and overall, 60% had achieved remission at 12 weeks of the study.  Fasting plasma glucose levels decreased by 2.2 mmol and mean weight loss at 12 weeks was 10.1kg. A food culture based on starchy foods and pressures to eat large amounts at social events were the main challenges identified by participants. Overall, the feasibility of this approach to weight loss and diabetes remission in a predominantly black population was demonstrated. 




Further studies have researched the effects of exercise on type 2 diabetes remission. One study, by Taheri et al., 2020, stated that type 2 diabetes is affecting people at an increasingly younger age, particularly in the Middle East and North Africa. The aim of the study was to assess whether an intensive lifestyle intervention would lead to significant weight loss and improve glycemia in young individuals with early diabetes. Between July 2017 and September 2018, they enrolled and randomly assigned 158 participants, 79 in the controlled group and 79 in the intervention group. This randomised controlled trial took place in primary care and community settings in Qatar, where they compared the effects of an intensive lifestyle intervention with usual medical care on weight loss and glycaemic outcomes in individuals with type 2 diabetes. These individuals were aged 18-50 years, had a short diabetes duration (<3 years), had a BMI greater than 27.0kg and were from the Middle East and North Africa. The participants were randomly assigned either the intensive lifestyle intervention group or the usual medical care control group by a computer-generated sequence and online randomised service. The intensive lifestyle intervention included a total diet replacement phase, in which participants were given low-energy meal replacement followed by gradual food reintroduction combined with physical activity and structured lifestyle support. Whereas participants in the control group received usual diabetes care, which was based on clinical guidelines. The outcome was to assess weight loss at 12 months after receiving the assigned intervention. The key secondary outcomes included diabetes control and remission. The findings of this study after 12 months, revealed that the mean body weight of the intervention group participants reduced by 12kg compared with 4kg in the control group, 21% of the intervention group achieved more than 15% weight loss between the start of the study and 12 months, whereas only 1% of participants in the control group had lost weight. Additionally, diabetes remission occurred in 61% of participants in the intervention group compared to 12% of those in the control group. Overall, the results from this study demonstrate that an intensive lifestyle intervention led to significant weight loss at 12 months which was also associated with diabetes remission in over 60% of participants and normal glycaemic control in over 30% of participants. This intervention can be used by the wider population of young individuals with early diabetes to achieve long-term benefits for health and wellbeing.  
Moreover, some studies have researched how weight loss can help achieve diabetes remission. For example, Jacobson et al, 2014, researched how bariatric surgery can help achieve diabetes remission. The main objective of this study was to determine the long-term diabetes remission rates and incidence of diabetes complications after surgery. The cohort study conducted at 25 surgical departments and 480 primary health care centres in Sweden recruited patients during 2010, which resulted in a total of 2037 patients altogether, 1090 of which had type 2 diabetes at baseline, 260 were prediabetic and 2000 were classed as overweight/obese. Diabetes status was determined at health examinations until May 2013 and information on diabetes complications was obtained from the national health registers until December 2012. The criteria were an age of 37-60 years old and a BMI of 34 or more in men and 38 or more in women before or at the time of examination. The exclusion criteria were established to exclude patients with unacceptable surgical risks. Baseline examinations were undertaken four weeks before the start of the intervention. Patients were split into two diverse groups, control group and surgery group, they both had identical inclusion and exclusion criteria. Patients in the control group received the customary lifestyle and pharmacological treatment for obesity and diabetes at their primary health care centres. In the surgery group, 61 patients underwent nonadjustable banding, 227 underwent vertical banded gastroplasty and 55 had gastric bypass. Both study groups had identical follow-up with physical examination and questionnaires at baseline and after. The results show that diabetes remission rate two years after surgery was 16.4% for control patients and 72.3% for bariatric patients. Overall, long term follow-up observational study of obese patients with type 2 diabetes, the bariatric surgery was associated with more frequent diabetes remission and fewer complications than usual care. 
In 2018, a study completed by Lean et al., presented results from a study which revealed the efficacy of diet and exercise in reversing type 2 diabetes. The aim of this study was to assess whether an intensive weight management in those living with type 2 diabetes would achieve remission of their diabetes. The trial recruited 306 subjects (range age was 20-65 years), all within six years of initial diabetes diagnosis, the mean age of the participants was 42 years old. This cohort study randomly split patients between a control group receiving standard care and an intervention group following an intensive diet and exercise programme, there were 149 participants per group. The intervention group included an initial twelve-week low-calorie diet, known as the Cambridge Weight Plan, and were required to complete at least 150 minutes of physical exercise every week, alongside a recommendation of walking at least 10,000 steps each day. The intervention group followed a low-calorie diet (450-1500 calories per day) which consisted of soups, shakes, porridge and snack bars. In addition, participants were also encouraged to complete activities such as walking, running, swimming and Zumba.  Patients were regularly supported throughout this 12-month intervention period and questioned how they felt it was going and the types of activities they were completing. On the other hand, patients in the control group received standard diabetes care (GP appointments, prescribed medications, guided health recommendations). At the 12-month mark, the results revealed that subjects in the intervention group lost an average of 12kg, whereas subjects in the standard care group lost an average of 4kg. Additionally, the mean bodyweight fell by 10.0kg in the intervention group, compared to an average of 1.0kg in the control group. In the whole study population, the 76 participants who gained weight did not achieve remission, whereas 61% of participants in the intervention group were no longer considered diabetic at the 12-month mark, compared with only 12% reaching remission stages in the standard care control group. There were no serious adverse events led to withdrawal for the study. The researchers stated that this study is a significant change for the management of type 2 diabetes and shows that weight loss in the preliminary stages of diagnosis can reverse the disease and avoid health issues alongside quality of life.
Additionally, type 2 diabetes still causes a devastating toll due to vascular complications, ultimately leading to premature death, due to this, Leslie et al., (2016), designed a study to determine if a structured, intensive, weight management programme, delivered in a routine primary care setting, is a viable treatment for achieving normoglycemia and remission of type 2 diabetes. . This cluster-randomised design recruited 280 participants, gathered from 30 GP practices across Scotland and England and were allocated either to continue guideline-based care or added to the Counterweight-Plus weight management programme. This programme included the involvement of a primary care nurse or dietitian to deliver a 12–20-week low calorie diet replacement, food reintroduction, and long-term weight loss maintenance. The participants included both males and females, ages ranged between 20-65 years old, and all ethnicities were involved.  Also, participants were required to have a minimum BMI of 27 and a maximum BMI of 45, the mean BMI in women was 35.3kg/m, and the mean BMI was slightly lower in men who had an average BMI of 34.2kg/m. Over half the study population were male (59%) this is due to a higher prevalence of type 2 diabetes in men, typically men are less likely to take part in weight management programmes, but the potential health improvements and diabetes remission is a great motivator which may encourage more men to take part.  Participants will also undergo Magnetic Resonance studies of pancreatic and hepatic fat and metabolic studies to determine mechanisms underlying type 2 diabetes remission. The results concluded that remission of type 2 diabetes was demonstrated with weight loss, with an average loss of 15kg, a decreased blood sugar level and type 2 diabetes remission in 72% of participants in the intervention group. The result also showed that mean BMI decreased for both men and women, it decreased from 35.3kg/m to 30.5kg/m for women and decreased from 34.2kg/m to 29.8kg/m for men. The study also determined that a weight management programme is a successful way of decreasing ectopic fat in the liver and pancreas and restoring first-phase insulin secretion. There were significant improvements of blood pressure and blood sugar levels, average blood sugar levels decreased from 12.8mmols/L to 10.9mmols/L. 

Wing et al., (2017), aimed to produce a study to demonstrate the long-term effects of lifestyle intervention on changes in weight, fitness, and cardiovascular disease risk, over a four-year period. This study was created due to limited long-term data available on lifestyle intervention improvements on glycemia and cardiovascular disease risk in individuals with type 2 diabetes. This trial, called The Look ‘AHEAD’ trial (Action for Health in Diabetes), is a multicentre randomised clinical trial comparing the effects of an intensive lifestyle intervention and the diabetes support and education (control group) on the incidence of major cardiovascular events in overweight/obese individuals with type 2 diabetes. They gathered 5145 overweight/obese participants with diabetes, 59% were female and 41% were male, the mean age of the group was 58.7 years old. They set out to study the effects of an intensive lifestyle intervention in these individuals over a 4-year period, regular annual assessment was also required, where 93% of participants provided outcomes data at each annual assessment. The lifestyle intervention group were assigned a calorie goal (1200-1800kcal/day based on initial weight), with less than 30% of total calories from fat (<10% from saturated fat) and a minimum of 15% of total calories from protein. To increase dietary adherence, a portion-controlled diet was used, with liquid meal replacement provided. The exercise goal was at least 175 minutes of physical activity per week, activities included brisk walking and swimming. The intervention group was assessed weekly for the first six months, participants were weighed, and self-monitoring records were reviewed. After the four-year assessment period, the team gathered results from the data, the intensive lifestyle intervention group demonstrated greater results overall compared to the diabetes support and education group. For example, the intensive lifestyle intervention group had a greater percentage of weight loss than the diabetes support group, the mean maximal weight loss (8.6%) for the lifestyle intervention group occurred at one year, but participants in the lifestyle intervention group maintained a mean weight loss of 4.7% at year 4 compared with 1.1% in the diabetes support and education group. Furthermore, it was also found the intensive lifestyle intervention group achieved improvements in haemoglobin levels (-0.36% vs 0.09%), as well as systolic and diastolic changes. At four years, intensive lifestyle intervention group sustained greater improvements in weight, fitness, haemoglobin levels, systolic blood pressure and cholesterol levels than those in the Diabetes Support and Education group. Therefore, this intensive lifestyle intervention is a successful way of producing maintained weight loss, glycaemic control and decreased risk of cardio-vascular events in individuals with type 2 diabetes.  
[bookmark: _Int_nR81vW0E][bookmark: _Int_XAFdTZOc][bookmark: _Int_azoycvsF][bookmark: _Int_v0ladUIA]Goldenburg et al, (2021), produced a systematic review to determine the efficacy and safety of low-carbohydrate diet and a very low carbohydrate diet for people with type 2 diabetes. In 2020, sources of data were scouted through searches of ‘CENTRAL’, ‘Medline’, ‘Embase’ and ‘CINAHL’ and the study selection included randomised clinical trials evaluating low carbohydrate diets (<130 g/day of a 2000 kcal/day diet) and very low carbohydrate diets (<10% calories from carbohydrates) for at least 12 weeks in adults living with type 2 diabetes. The search yielded 23 studies (1357 participants) which all met the inclusion criteria, the trials primarily included overweight and obese patients with type 2 diabetes, and in 14 out of 23 studies, 61% of participants were using insulin. The mean age of the participants was 47-67 years old, and duration of treatment ranged from 3 months to 2 years. Dropouts were also commonly found in the study, 78% of studies reported missing participant outcome data. The results revealed that eight studies reported on diabetes remission at six months and a pooled analysis showed that remission was achieved by an HbA1c level below 6.5% without the use of medication. An additional three studies reported on remission at twelve months. A further eighteen studies reported on weight loss at six months, an analysis demonstrated that patients on low carbohydrate diets achieved greater weight loss compared to the control group. Moreover, a further seven studies reported on weight loss after 12 months. Among 23 studies comparing low carb diets with very low carb diets, patients on the low carb diet achieved higher diabetes remission rates at six months (HbA <6.5% and no diabetes medication). Additionally, no significant effects on cardiovascular risk were detected with low carb diets. It was also found the Low carb diets increased weight loss, reduced medication use and improved blood glucose levels at six months. 


















Results
	Author
	Article
	Type of study
	Duration 
	Sample size
	Main findings 

	Unwin et al (2021)
	‘Type 2 diabetes and remission through diet’
	Systematic review 
	8 years
	9800
	A low carbohydrate diet alongside weight loss is an effective treatment and creates remission in those with a lower blood glucose level/ those who have had diabetes for a shorter duration. It appears that people who have diabetes for less than a year is the most crucial time to achieve drug-free diabetes remission, 77% of those who achieved diabetes remission had it for less than a year. 

	Taylor et al (2020)
	‘Primary care-led weight management for remission of type 2 diabetes’
	Open label-randomised trial 
	12 months 
	306
	[bookmark: _Int_9HB8BVfV]A low-calorie diet (cutting 700-800 calories/day) helped over half of participants achieve remission and restore the health of the pancreas as it returned to normal size. The results show that remission is closely linked to weight loss, 64% of those who lost more than 10kg were in remission after one year

	Wing et al (2017)
	‘Long-term effects of a lifestyle intervention on weight and cardio-vascular risk on individuals with type 2 diabetes 
	Randomised clinical trial 
	Four years 
	5145
	The Intensive lifestyle intervention was successful in producing sustained weight loss compared to the control group (65% of ILI group-maintained weight loss after 4 years whereas 18% of control group-maintained weight loss) Furthermore, results demonstrated major improvements in fitness, glycaemic control and CVD risk factors in people living with type 2 diabetes in the ILI group.

	Taheri et al., 2020
	‘Intensive lifestyle interventions and glycemia in young adults living with diabetes’ 
	Open-label randomised control trial 
	12 months 
	158
	At 12 months the mean bodyweight for the intervention group reduced by 12kg compared with only 4kg for the control group. The intensive lifestyle intervention led to significant weight loss at 12 months and was associated with diabetes remission in over 60% of participants and normoglycemia in 30% of participants 


	Leslie et al (2016)
	‘The Diabetes Remission Clinical Trial’
	Cluster randomised trial 
	12-20 weeks
	280
	The study established that a structured weight management programme, delivered in primary care by practice nurses and dietitians, is a viable treatment to achieve type 2 diabetes remission

	Lean et al (2018)
	‘Primary care-led weight management for remission of type 2 diabetes’
	Open-label, cluster-randomised trial 
	12 months 
	306
	At 12 months, 15kg of weight loss was recorded in 36 (24%) of participants in the intervention group compared to no participants in the control group. Significant weight loss was achieved during a low-calorie and 150 minutes of exercise intervention and 61% of participants were no longer considered diabetic. Only 4% of participants in the control group achieved diabetes remission 

	Goldburg et al (2021)
	‘Efficacy and safety of low carbohydrate diets for type 2 diabetes remission’ 
	Systematic review 
	3 months- 2 years
	1357
	At six months, compared with control diets, LCDs achieved higher rates of diabetes remission as well as improvements in weight loss and insulin sensitivity. Evidence suggests that patients adhering to low carb diets for six months may experience greater rates of remission of diabetes without adverse effects compared to other diets 

	Bynoe et al (2020)
	‘Remission of Type 2 diabetes in the Caribbean’ 
	Mixed methods study
	2-3 months
	25
	10 men and 15 women participated (range age 26-68). Mean weight loss at 8 weeks was 10.1kg, 85% of participants lost at least 8.2kg and on average, fasting plasma glucose was decreased by 2.2mmols. 

	Jacobson et al (2014)
	‘Association of bariatric surgery with long-term remission of type 2 diabetes’ 
	Cohort study
	Two years 
	603
	The diabetes remission rate in patients two years after bariatric surgery was 72% compared with those who received usual care was only 16%. Therefore, bariatric surgery was associated with an increased remission rate and less complications than those who received usual care  






















Discussion 
There is an increasing number of studies developing the link between exercise, weight loss and diet in the reversal of type 2 diabetes. Many studies have researched the possibility of diet, exercise and weight loss as an effective way to treat and reverse type 2 diabetes. All the studies examined had beneficial outcomes relating to diet and exercise intervention such as low carbohydrate diets, weight loss programmes and low-calorie diets. All studies also demonstrated substantial rates of type 2 diabetes remission, the consensus is that individuals with early type 2 diabetes can achieve remission through lifestyle, dietary and weight loss interventions, other benefits such as improved blood sugar levels, decreased risk of cardiovascular disease and reduced medication intake was also shown. 
Diet and Diabetes
According to Unwin et al, the consensus is that the reversal of type 2 diabetes can be achieved by following a low carbohydrate diet, weight loss and lifestyle interventions, this was demonstrated in the low-carb programme developed for people living with type 2 diabetes. They claimed that a disease once thought to be chronic, progressive, and irreversible, can be modified through diet and lifestyle interventions and without the use of diabetic medication. This systematic review set out to investigate the effectiveness of a low-carbohydrate diet to reverse type 2 diabetes by changing the diet which therefore decreased body weight. This study is useful as it provides insight on role of diet in type 2 diabetes remission. This study builds and expands the research and knowledge of the importance of a low carbohydrate diet in the reversal of type 2 diabetes, they included a large participation group which allows the study to be representative within the UK and gathered research over a prolonged period of time which increases the validity of the data. However, this study is difficult to measure as researchers cannot determine that participants are following this diet which can therefore change results of the study.
A common theme identified in this review was the use of a low-carbohydrate diet in people living with type 2 diabetes as a way of helping individuals manage their diabetes, weight and control blood sugar levels. Goldenburg et al, (2021), produced a systematic review regarding the efficacy of a low-carbohydrate diet for people with type 2 diabetes.  The review included an examination of 23 studies on low-carbohydrate diets in patients with type 2 diabetes, the results determined that those on the low-carbohydrate diet achieved higher diabetes remission rates at six months without the use of diabetes medication. The low-carbohydrate diet increased weight loss, reduced medication uses and increased remission rates. This systematic has several important strengths, for example, a thorough literature search was completed on data including the remission of type 2 diabetes. The analysis of published data will lead to more informed clinical decision making in the management of type 2 diabetes. Also, based on publicly available data, robust evidence synthesis methods were conducted using the Cochrane Risk of Bias which increased credibility criteria. On the other hand, the definition of remission of diabetes is the subject of considerable debate, specifically regarding blood glucose levels (HbA1c), (Tay et al 2019).  Additionally, this study compared to Unwin et al, (2020), who completed an 8-year study, may be considered unreliable and difficult to determine findings due to the short-term nature of this study. Evidence suggests that a long-term study is more reliable and valid as researchers can establish trends and patterns which may occur over an extended period, (Caruana et al, 2015).
[bookmark: _Int_ZiJmVBoG]However, both Unwin et al (2020) and Goldenburg et al (2021), both experienced concerns on the safety of a low carbohydrate diet. Although there were no significant or serious adverse events, these outcomes were poorly reported among both trials and the certainty of evidence for safety ranges from low to very low. 
The study completed by Bynoe et al (2020), differs from previous studies as it provides greater insight into the remission of type 2 diabetes in non-white ethnic groups. After 25 individuals followed a liquid diet, mean weight loss at 8 weeks was 10kg and blood sugar levels decreased by 2.2mmols, resulting in remission for 44% of the participants. Ethnic groups such as the African Caribbean population has limited data available, especially relating to type 2 diabetes remission, so this study is particularly important as it provides further knowledge, beneficial for future research and treatment strategies available for non-white ethnic populations, (Oldroyd et al, 2015). 


The role of physical activity role in the remission of diabetes
[bookmark: _Int_98g2lC7d]Further results from the studies demonstrated weight loss and decreased blood sugar levels. Taheri et al, established that an intensive exercise intervention, which included a low-calorie diet and regular physical activity can lead to significant weight loss (21% of participants achieved greater than 15% weight loss), diabetes remission (60% of participants) and normoglycemia levels in 30% of participants. The provision of this lifestyle intervention could allow a large group of young individuals with early diabetes to achieve improvements in diabetes management and potential long-term benefits for health and well-being.  Furthermore, Leslie et al (2016) also demonstrated significant weight loss and diabetes remission after taking part in an intensive lifestyle intervention. The study by Leslie et al (2016) identified an exercise intervention that had a positive impact on glycaemic control, weight management and medical adherence by promoting diabetes management through exercise and lifestyle changes. This is consistent with the findings of Lean et al (2018) who found that after completing a low-calorie diet and 150 minutes of exercise per week for one year, 61% of participants were no longer considered diabetic and that remission of type 2 diabetes is a practical target for primary care. There was little/no evidence demonstrating that diet and exercise interventions do not cause weight loss, improved glycaemic control and greater physical health which ultimately leads to the reversal of type 2 diabetes in some individuals. 
Moreover, it is evident that participants who were placed in an intervention group (intensive exercise intervention, and/or a diet intervention) achieved better results than those who were placed in the standard care group, who received usual diabetes care, based on clinical guidelines. Those in intervention groups typically lost more weight, decreased blood glucose levels, and achieved greater diabetes remission rates, compared with to the groups receiving standard care. It is also important to note that ongoing support is essential after the study is finished, many people are likely to return to old and unhealthy habits once interventions have been complete, (Batterham et al, 2013). For example, Leslie et al (2016) encouraged participants to develop the weight management approach as a lifestyle rather than an intervention once the intervention had ended, this was encouraged to prevent the reoccurrence of diabetes. 
[bookmark: _Int_qKhIm71R]Furthermore, the role of physical activity must also be considered as an effective way to reverse diabetes. Wing et al (2017), portrayed that increased levels of daily physical activity can produce sustained weight loss and improvement in fitness, glycaemic control, and disease risk factors such as cardiovascular disease. Further studies demonstrated that diet combined with exercise is much more successful than exercise alone, (Davis et al, 2019), Lean et al and Taylor et al, displayed similar studies. Lean et al (2018), recruited participants to complete 150 minutes of physical activity per week whilst following a low-calorie diet (450-1500 calories per day), 61% of participants in this group were no longer considered diabetic after 12 months. Similarly, Taylor et al (2020), researched participants following a low-calorie diet (800-1200 calories per day) and an intensive exercise programme (75-150 minutes per week) and approximately 59% of participants went into remission after completion. The study by Taylor et al, 2020, is up to date and provides scientific evidence which is beneficial for health professionals and those living with type 2 diabetes. The result of this research determines that weight management plays a major role in the reversal of type 2 diabetes and how it can also affect other aspects of the body such as the increased size of the pancreas during remission, which was demonstrated by Taylor et al (2020). Despite the positive outcomes of the research, this study has limitations, for example, there are not enough participants included in the study to be considered as representative, also, these interventions can be difficult for participants to sustain due to the drastic changes in diet and exercise, therefore cannot be considered as sustainable. Lean et al (2018), reported that 20% of participants dropped out of the trial and Taylor et al (2020) reported that 18% of participants dropped out during the trial. Creating an intervention that is sustainable for participants is a crucial factor to enable the best possible outcomes, (Miller, 2016). 
Wing et al (2017) and Jacobson et al (2014) were the only two studies which did not contain any form of dietary intervention. Wing et al (2017) focused on the effects of an exercise intervention on individuals with type 2 diabetes. Despite not having dietary treatment, this study still had several benefits, for example, the intervention produced sustained weight loss, improvements in fitness and glycaemic control and a reduction in the risk of Cardio-vascular events, it was also found that participants also managed to maintain these improvements after four years. Across the 4 years, when compared to the control group, the intensive lifestyle intervention group achieved greater weight loss and greater rates of remission (57% achieved remission in the intervention group whereas 14% achieved remission in the control group). Therefore, lifestyle-based intervention is highly recommended to improve blood sugar levels and allow type 2 diabetes remission which is also critical in preventing long-term vascular complications which is often common in individuals with type 2 diabetes, (Madsen et al, 2013). This trial provides unique data on long-term changes in fitness, as previous intervention studies have not reported fitness changes beyond a year in individuals with type 2 diabetes. 

The importance of weight loss in diabetes 
The findings from the results demonstrate that weight loss in remission is extremely important, no participants achieved remission without weight loss, (Unwin, 2020). Additionally, it was commonly reported that patients felt ‘surprised’ that they were not hungry on a low-carbohydrate diet, interestingly, randomised controlled trials have demonstrated that a low-carbohydrate diet may increase energy expenditure, reduce appetite, which would allow weight loss, (Ebbeling et al, 2018).
Physiological changes have been identified in several studies, which demonstrate considerable reduction in liver fat and fat contained in the pancreas also decreased, these have been found to be crucial factors in the diabetes remission process, (Taylor et al, 2021). Wing et al (2017) and Leslie et al (2016) also confirm this, Wing et al, described that those who achieved remission also had great improvements in haemoglobin levels, blood pressure, cholesterol, and weight loss. Similarly, Leslie et al (2016), found that type 2 diabetes remission is a successful way of decreasing pancreatic fat, ectopic fat in the liver and restores insulin secretion.
In addition, research completed by Jacobson et al (2014), demonstrated how bariatric surgery can help achieve diabetes remission. This study differs from other studies observed, the other studies include dietary and/or lifestyle interventions, whereas this study does not contain any interventions and instead involves participants to undergo bariatric surgery to help them lose weight and establish diabetes remission. The results demonstrate a rather high success rate, 72.3% achieved diabetes remission two years after this procedure, the surgery was associated with more frequent diabetes remission and fewer complications than usual standard care. This study highlights the importance of weight loss to achieve diabetes remission. Jacobson et al (2014) also states that establishing diabetes remission is much less likely following lifestyle interventions, exercise, diet and anti-diabetic drugs and patients are more likely to benefit from bariatric surgery, particularly in the long-term. This contradicts the other studies examined, which encourage lifestyle interventions as a successful way of achieving diabetes remission. However, this study does not provide further information on diet and lifestyle of these participants, these are principal factors as they can influence weight loss. 
Key factors for lasting remission
[bookmark: _Int_7OPKNN5G]The current evidence suggests that type 2 diabetes can be reversed by substantial weight loss in the early years after diagnosis, (Evert et al, 2014). The key factor for lasting remission is long term maintenance of weight loss, however, individuals often find this difficult and challenging, (Zheng et al, 2018). Many studies also suggested that long-term surveillance of people with type 2 diabetes in remission is required in order to determine how individuals will monitor their weight, diet, and lifestyle to prevent the reoccurrence of diabetes, (Archer et al, 2018). Strategies to optimise the avoidance of weight regain for long-term maintenance also need to be developed and rigorously tested in all populations, such as enabling healthier food choices, (Donnelly et al, 2009). 
Limitations 
[bookmark: _Int_Xs2Z1vUc]This review does however contain limitations, for example, lifestyle and dietary interventions can have significant costly elements, these interventions can potential be expensive to regulate and maintain, (Schroer et al, 2014). The financial component should have been considered to provide an accurate and well executed study, (Pieper et al, 2017). The National Health Service (NHS) estimated that approximately £10 billion a year is spent on diabetes care, which is around 10% of the NHS budge for England and Wales in 2022, (Ayelign et al, 2019). Furthermore, diabetes can also lead to further health complications which can also have a significant impact on the NHS, such as cardiovascular disease, heart disease and nerve damage, (Bonds et al, 2006)
A further limitation is that the review only focused on weight loss as a factor of diabetes remission, however, many factors can play a role in diabetes remission which should also have been considered, for example health literacy is a significant factor in the management and treatment of diabetes, (Bailey et al, 2014). Diabetes education is critical to help individuals improve diabetes self- management, evidence suggests that those with poor health literacy can lead to worse diabetes outcomes, improving health literacy can improve health related outcomes, (Banerjee et al, 2020). 
Conclusion 
[bookmark: _Int_3urZeo40]This review determined the association between physical activity, weight loss and dietary interventions in the role of type 2 diabetes remission. Generally, the studies were consistent in that weight loss, lifestyle, and dietary interventions are a successful way of achieving remission in type 2 diabetes. These intensive interventions were often successful in producing sustained weight loss which was associated with a higher diabetes remission rate. Weight loss is a key component in the remission of diabetes, (Peltonen et al, 2015), patients who lost weight during intervention also experienced a positive association with glycaemic control, reduction in medication use, improvements in fitness and decreased risk of various diseases such as cardio-vascular disease. Ideally, future studies will be designed to ensure which type of intervention is the most effective, which also include long-term follow-up. Furthermore, formal recommendations on how to achieve remission in type 2 diabetes in clinical practice must await further studies. For the meantime, individuals with newly diagnosed type 2 diabetes should be aware that the disease is reversible and can be achieved through diet and lifestyle improvements. It is important that patients are aware of the consequences for future health, serious side effects, and the cost to the NHS that diabetes can have. Diabetes is a complicated disease and requires substantial changes in lifestyle behaviours, however, those who are strongly motivated to reverse this condition, should be educated on how to achieve this.
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