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Abstract 

Diabetes is a real threat to health globally. It neither sees socioeconomic status nor the boundaries. There are now 
studies that show, at least in short term, that diabetes can be reversed. Various forms of the standard of care are 
available but suitability differs. Patients would surely choose reversal of their disease if given a choice. The choice 
can only be given if physicians are not only aware that reversal of diabetes is possible but also need to educate their 
patients and discuss with them various possibilities and modes of treatment. We here discuss various approaches 
and studies that prove that diabetes can be reversed and to what extent it is possible to reverse, the real truth about 
the reversal of diabetes. Apart from these approaches, further research in understanding the mechanism of diabetes 
reversibility and its overlapping mechanism and pathways that are lacking need to be focussed and emphasized in 
the future. 
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Introduction 
 
Diabetes is a real threat to health globally. It neither sees socioeconomic status nor the boundaries. According to 

2019 International Diabetes Federation (IDF) statistics, one in 11 adults have diabetes, one in two adults are 

undiagnosed with diabetes, one in five people with diabetes are above 65 years of age, 10% of the global health 

expenditure is spent on diabetes, one in six live births are affected by hyperglycemia in pregnancy, 84% of which 

have gestational diabetes, three in four people with diabetes live in low/middle income countries, over 1.1 million 

children and adolescents below 20 years have type I diabetes, two in three people with diabetes live in urban areas. 

There are approximately 463 million people with diabetes worldwide and by 2045 this will rise to 700 million [1]. 

India has 41 million diabetics and this number is expected to increase to 70 million by 2025. One in six people with 

diabetes in the world is from India. This high number places India among the top ten countries for people with 

diabetes. India comes at second position after China with an estimated population of 77 million [2, 3]. Diabetes is a 

major public health epidemic despite recent advances in both pharmaceutical and technological treatment options. 

Type 2 diabetes (T2D) has been identified as an incurable chronic disease since ancient times. What we could do 

maximum was the amelioration of diabetes symptoms or slowing its progression. In the past diabetes was known as 

chronic and irreversible but now the paradigm is shifting [4, 5]. 

The 2016 World Health Organization (WHO) global report on diabetes added a section on diabetes reversal hinting 

that it can be achieved through weight loss and calorie restriction [4]. The diabetes reversal or remission defined by 

an expert panel could be partial when HbA1c <6.5 without glycaemic control medications for 1 year or complete 
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when HbA1c <5.7 without glycaemic control medications for 1 year. Prolonged remission is defined as complete 

remission for at least 5 years' duration. In this regard, we cannot use the term cure. Medically, the cure may be 

defined as restoration to good health, while remission is defined as abatement or disappearance of the signs and 

symptoms of a disease. 

In spite of the growing evidence that reversal of diabetes is possible, achieving the same is not encouraged by our 

healthcare systems. In fact, it is not a goal in the diabetes guidelines. Kaiser Permanente et al., found a diabetes 

remission rate of 0.23% with standard of routine care [6]. Many studies show that diabetes reversal is achievable 

using bariatric surgery, low-calorie diets or carbohydrate restriction, etc. 

Let’s start with bariatric Surgery. There is unilateral improvement in glycemia following bariatric surgery [7]. It’s 

been found to be superior to intensive T2D medical management. Currently, it is approved by 2016 WHO 

recommendations for adults with a body mass index (BMI) >40, or >35 kg/m2 with obesity-related comorbidities 

[8]. Glycaemic improvements occur rapidly, within hours to days, preceding weight loss. This represents the 

enteroendocrine responses due to the altered flow of intestinal contents like bile acid signaling and changes in 

microbiota and their metabolome. The basic principle of surgical treatment is restriction and intestinal 

malabsorption. Bariatric surgery dramatically and rapidly improves blood glucose [9] allows decreased oral 

hypoglycaemic medications and insulin use and effectively reverses diabetes in up to 80% of patients [10] in the 

short term. Long-term reversal of diabetes and true glucose homeostasis remains an uncertain point. Long-term 

outcomes of surgery depend on multiple factors, including the type of surgery performed, comorbidities, patient 

willingness for lifelong dietary change, and ongoing surveillance. The five-year outcomes of intensive medical 

management, sleeve gastrectomy, and Roun-en-Y gastrojejunostomy show better results in favor of Roun-en-Y 

gastrojejunostomy with 29-45% success. The surgical cohort also showed greater weight loss and improvements in 

high-density lipoproteins, triglycerides, need for insulin, and overall quality of life [11-14]. But over time, remission 

rates of diabetes do decline. Various studies show variable success rates of bariatric surgery from 36-83% with a 

follow-up from 3 years to 14 years [15-17]. 

Coming to low-calorie diets, there are few studies that have reported successful weight loss with decreased insulin 

resistance, decreased blood glucose, and reduced medication use following a low-calorie diet [18, 19]. Weight loss 

persists only for the first three months in the diet-treated patients, indicating difficulty with long-term maintenance 

[17]. Moreover, there are micronutrient deficiencies with the use of calorie-restricted diets, and supplementation and 

monitoring for deficiencies should be considered whenever a low-calorie diet is started [20, 21]. they demonstrated 

the effectiveness of calorie restriction in achieving weight loss and improved glycemic control. Remission at one 

year is around 11.5%, 9.2% at two years, and 7.3% at four years. In the LOOK AHEAD randomized trial, the 

remission rates achieved through intensive lifestyle intervention that included calories restriction and increased 

physical activity were still three to six times higher than those achieved in the diabetes support and education group 

[22]. Lower baseline HbA1c, a greater level of weight loss, shorter duration of diabetes diagnosis, and lack of 

insulin use at baseline predicted higher remission rate [23]. Overall, the evidence suggests that a low-calorie diet is 

effective in reversing diabetes in the short term to a maximum of two years. Few studies have suggested that 

physiological and metabolic adaptation of the body in response to caloric restriction may have shifted the energy 

balance and hormonal regulation of weight toward weight regain after initial weight loss [24, 25]. It could be due to 

the disturbance between the environment, lifestyle, and behavioral patterns that shift more towards the orexigenic 

side. 

Now regarding carbohydrate-restricted diets. American Diabetes Association and the European Association for the 

Study of Diabetes, based on the evidence, support carbohydrate-restricted diet for control of diabetes [5,26]. Among 

these, a low carbohydrate diet means total carbohydrates are restricted to less than 130 grams/day and a very low 
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carbohydrate diet means a ketone diet with carbohydrates as low as 20-30 grams/day. Protein consumption remains 

the same as in a standard diet of around 20% of the total intake. The remaining energy needs are met by fat from the 

diet or mobilized from the body fat stores. Carbohydrates are obtained from non-starchy vegetables with some nuts, 

dairy products, and fruits in limited amounts [27]. 

Saslow L R et al in their study found that the ketogenic diet resulted in achieving good glycaemic control and 

weight loss in 55% of patients [28]. 

Total kilocalorie intake was not significantly different between the two groups, even with moderate carbohydrate 

restriction. Despite equal energy intake, the low carbohydrate group lost significantly more weight and had 

improved glycaemic control, which indicates a potential mechanistic role for carbohydrate restriction itself. The 

support given was 19 classes over the 12-month period, tapering in frequency over time [29]. 

Another study compared a low-carbohydrate diet aimed at inducing nutritional ketosis in patients with type 2 

diabetes mellitus, with usual care in type 2 diabetes mellitus patients [30]. At one year, the HbA1c decreased by 

1.3% in the first group, with 60% achieving an HbA1c below 6.5% without hypoglycaemic medication. 

Cardiovascular risk factors also showed significant improvement [31]. The retention rate was 83%one year and 74 

% at two years, supporting the sustainability of this dietary intervention for diabetes reversal. Weight loss was 10% 

at 2-years. The use of very-low-carbohydrate diets for diabetes reversal shows promising results but the lack of 

longer-term follow-up studies remains a limitation. Follow-up is limited to two years only. Therefore, longer-term 

studies are required to determine the sustainability of the results of metabolic changes. 

Tripathi P et al., in their study of reversal of metabolic syndrome, used a polyvalent program comprising whole food 

plant-based diet, assorted exercises, and lifestyle modification schedule [32]. With this polyvalent program, they 

were able to reverse diabetes and the associated metabolic syndrome. With a similar program, they were able to 

achieve the reversal of diabetic nephropathy in short term [33]. But they also lack long-term results over sustenance 

and maintenance. Moreover, the side effects of macronutrients restriction and the whole plant-based diet were 

mentioned. 

Paramesh Shamanna et al., used Twin Health’s Precision Health platform combining Internet-of-Things (IoT) 

Sensors, Machine Learning (ML), and Medical Science to improve human metabolic health. Their technology-

enabled precision nutrition which is a combination of macro, micro, and biota nutrients, along with serial HbA1c 

evaluation was used for reversal of diabetes. The rates of diabetes reversal in their study were 10%, 75%, and 41% 

in HbA1c ranges HbA1c of > 9.5, 8.1–9.5, and 6.5–8, respectively. HbA1c was reduced by 1.9 (8.8 ± 2.23 to 6.9 ± 

1.07). But their study had a limited dataset with a short duration of follow-up [34]. 

Another similar study by Paramesh Shamanna et al., showed that adherence for 3 months to the twin precise 

nutrition program resulted in patients achieving a 1.9%-point decrease in HbA1c, 6.1% drop in weight, 56.9% 

reduction in insulin resistance, a significant decline in blood glucose below the range, and, the elimination of 

diabetes medication uses in most patients. This study is again a short-term study [35]. 

To summarise, evidence is now available to suggest that diabetes reversal is possible. In this editorial, we provide 

various methods that have shown successful reversal of type 2 diabetes. Among these, bariatric surgery is the most 

effective with good results and prolonged remission rates. The main hindrance for bariatric surgery being the 

surgical complications and the high treatment cost. Apart from this modification of complete lifestyle after the 

surgery remains a challenge. Bariatric surgery is far more than merely a restrictive and/or malabsorptive procedure. 

There are large shifts in the signaling of bile acid in the lumen of the small intestine, the gut sensing the nutrients, 

and changes in the microbiota community. There is basic and translational science research going on to identify the 
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role of these various hormones and metabolites. 

Low carbohydrate diet and carbohydrate-restricted diet approaches are good for reversing diabetes in the short term 

(2-3 years). But long-term maintenance of remission of diabetes is still a problem with these approaches. The long-

term adherence to these diets remains an obstacle. The patients need proper education and optimal support for long-

term behavioral change. 

The polyvalent program by Tripathi et al., comprising whole plant-based diet, lifestyle modifications, behavioral 

modification, and proper patient education created a proper channel for the patients but long-term adherence to this 

approach and long-term data for remission are lacking. 

Twin Health’s Precision Health program of Paramesh Shamanna et al., used artificial intelligence to look for the 

changes made by food intake in a diabetic person. They correlated the changes of inflammation made by 

food/various diets that helped them control/reverse diabetes. This probably helped in understanding the mechanism 

of diabetes reversal. The long-term adherence and long-term data are lack in these studies. 

Further research in understanding the mechanism of diabetes reversibility and its overlapping mechanism and 

pathways that are lacking need to be focussed and emphasized. 

 

Conclusion 
 
The epidemic of diabetes is causing many lives to suffer. Various forms of the standard of care are available but 

suitability differs. But patients would surely choose reversal of their disease if given a choice. The choice can only 

be given if physicians are not only aware that reversal of diabetes is possible but also need to educate their patients 

and discuss with them various possibilities and modes of treatment. 
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