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Abstract

Diabetes mellitus defined as progressive and irreversible disease characterized by hyperglycaemia. It falls under top 5 cause of death and
can led to series of diseases affecting vital organs. Type 1 diabetes is heredity disorder which leads to insufficiency of insulin in the blood.
Type 2 diabetes mellitus is lifestyle dependent and occurs in later stages of life due to overweight. Excessive fat deposition in liver and
pancreas leads to desensitization of receptors for insulin which leads to rise in blood glucose level. Type 2 diabetes mellitus is now known
to be reversible with loss in body weight. Three methods of losing body weight are bariatric surgery, calorie restricted diet and carbohydrate
restricted diet. All these methods help in reducing body fat which increases the insulin sensitivity and reduces blood glucose. Out of the
three methods, carbohydrate restricted diet is proven to be most efficient.

Keywords: Remission, Bariatric surgery, low calorie diet, low carbohydrate diet.

INTRODUCTION

As per American Diabetes Association, diabetes mellitus is defined as a group of metabolic diseases with clinical manifestation
of prolonged hyperglycemiadue to defect in insulin secretion, defect in insulin action or both. The long-termhyperglycemia is
associated with damage, dysfunction and failure of different organs especially eyes, kidneys,nerves,heart and blood vessels.
Diabetes is considered as the underlying cause of blindness, heart attack, stroke, kidney failure and lower limb amputation.The
aetiology of diabetes mellitus can be autoimmune destruction of beta cells of pancreas with insulin insufficiency or the
abnormalities that result in resistant to insulin action.[1] Majority of the diabetic cases comes under two categories. First one is
type 1 diabetes mellitus which is caused by absolute insufficiency of insulin and accounts for about 5 to 10% of total diabetic
cases worldwide. Second one is type 2 diabetes which accounts for about 90 to 95% and is caused by resistance to insulin and
inability to produce compensatory insulin.[2] Type one diabetes is a genetic disorder which results in lack of insulin in the blood.
In such case, the level of insulin will be less than the normal range in the blood.The cause of type 2 diabetes is not fully
understood but it is characterised by rise in blood glucose level together with insulin level. There will be downregulation of
insulin receptors which causes the loss of activity of insulin resulting in type 2 diabetes mellitus.Normal fasting blood glucose
level range from 60mg/dl to 110mg/dl and post prandial of less than 140mg/dl. The renal threshold for glucose is180 mg/dl and
above this level, glucose can be detected in urine.In Both the cases, HbAlc level rises above the normal range i.e., 3 to 5% of
total haemoglobin.[3]

Facts and figures

As per international diabetes federation, 537 million people werediabetic in the year 2021 within age group 20 to 79 years,
which is expected to rise to 643 millionby 2030 and 783 million in 2045. This will be an increase in diabetic case by 46%.
South east Asia has about 90 million diabetic cases in 2021,which will rise to 95 million in 2030 and reach 136 million by the
year 2045,a rise in prevalence of diabetes mellitus by 87%. About half of the diabeticpatients (about 240 million) are
undiagnosed. Out of that,three fourth (3 in 4) live in low- or middle-income countries. More than 1.2 million children and
adolescents are living with diabetes type 1.Total of about 6.7 million deaths had occurred due to diabetes andin the year 2019
alone, 1.5M death occurred making diabetes mellitus as the 9th leading cause of death in the world. As per WHO mortality due
to diabetes has increased by 5% from the year 2000 to 2016.
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As per National Diabetes Statics Report USA, it has about 37.3 million diabetic patents (11.3% of population of USA) out of
which 28.7 million (72%) are diagnosed and 8.5 million (28%) of adult diabetic patents are undiagnosed).26.4 millionpeople
(48.8%) above the age of 65 and are prediabetic and 96 million (36%) of population between the age group 28 to 65 are pre
diabetes and can become diabetic patents in the future.[2,4-5] Every year they receive about 1.5M new cases of diabetes
mellitus. [6]

Mechanism of onset of diabetes

Type 1 diabetes characterized by insufficiency of insulin in the blood is a hereditary disease due to mutation of the gene. Its
manifestation starts in childhood and persist throughout the life. Type 2 diabetes is can also be called as lifestyle related diabetes
and is most common in overweighted people. Accumulation of body fat is considered as major cause of type 2 diabetes. When
excess amount of carbohydrates is consumed, some amount is used for energy and remaining is stored as glycogen for short
term and as triacylglycerol for long term. When more amount of triacylglycerol gets accumulated in liver, it leads to
nonalcoholic liver cirrhosis. This reduces the ability of liver for glycogenesis, elevating the level of blood glucose. Gain in body
weight also Increases the fat content of pancreas which hampers insulin synthesis and the sensitivity of cells for insulin. This
further hinders the insulin activity leading to severe rise in blood glucose. People blame cholesterol and reduces fat intake to
reduce body weight but as per Satyanarayan, only less than 40% of dietary fat is absorbed as fat absorption depends on
availability of bile salt and is a complex process. Those amounts of fat are used for hormone synthesis, formation of
biomembrane and other structural proteins. It also states that among the different monosaccharides, fructose is very easily
converted to triacylglycerol as stored form of energy.[7]The main culprit for gain in body weight is carbohydrate especially
sweets edibles and not fat products. Therefore, controlling the carbohydrate intake is found to be more effective in reducing
body weight than controlling the fat intake.

In earlier years, wheat products (Atta and Maida) were recommended for diabetic patents due to high content of roughage and
indigestible carbohydrate as supplement to rice but recently wheat is found to contain gluten which can directly destroy the beta
cells of pancreas leading to progression in diabetes. This is also thought to be the major cause of diabetes epidemic in South
East Asian countries, especially India.

Methods of remission of type 2 diabetes

Until recent years Diabetes mellitus was thought to be progressive and irreversible disease. It is just about a decade ago when
scientist knew that type 2 diabetes could be reversed back and normal blood glucose level could be achieved. It is only in 2016
that WHO global health report on diabetes added a section on reversal or remission of type 2 diabetes and stated that it can be
achieved through weight loss and calorie restriction or bariatric surgery. [8] Since then, many methods and techniques were
tested and clinical trials were conducted for the remission of type 2 diabetes. The term “reversal” or “remission” are generally
used for improving the health of a diabetic patents and the term “cure” has not yet been used since there exists the chance of
reoccurrence after the remission.

As per WHO, type 2 diabetes can be prevented or onset can be delayed with a healthy diet, regular exercise, maintaining a
healthy body weight and avoiding any sort of tobacco products. [9] The centric idea of reversal of type 2 diabetes is weight
loss. Three major ways are recommended for weight loss or reversal of type 2 diabetes and they are bariatric surgery, calorie
restricted diet and carbohydrate restricted diet. [10]

a) Bariatric surgery

It is a term for collective surgeries meant for weight loss or to create a gastric bypass which reduces the rate of absorption of
digested food and help in weight loss. It is generally done when diet and exercise have failed to reduce weight or due to
possibility of severe disease due to existing weight. Second Diabetes surgery summit held in 2016 declared that bariatric surgery
can be done to treat type 2 diabetes. [11] Bariatric surgery is not much common in South East Asian countries due to its cost
and fear of patients to undergo surgery. In US the average cost of bariatric surgery is about $14,389. [12] Bariatric surgery has
proved to be effective and have shown positive result within hours to days. [13] It has achieved 80% remission rate but rate of
long-term remission and side effects are not known. [14] Though it is effective in reducing body weight and remission of type
2 diabetes, it is not without any risk. The post-surgical complication accounts for 13% to 21% which includes medication
intolerance, need for reoperation, post-surgical infection, etc. [15] During clinical trial, for about 10% to 15% of patents,
remission of diabetes couldn’t be successful after bariatric surgery. [16] Addition to that about 25% to 35% patents regained
weight and again became diabetic patents within 1 to 4 years, needing further treatment from the beginning. [17] In an

.Journal of Pharmaceutical Negative Results | Volume 13 | Special Issue 6 | 2022 m




observation made by Swedish doctor, 72% of remission was achieved at 2 years from selected number of people but only 36%
of the sample could maintain the reversed state of type 2 diabetes at 10 years. [18] In contrast to bariatric surgery as a means
for reversal of type 2 diabetes mellitus, some researchers have given their statement that, it is not actually the bariatric surgery
that is causing the reversal of diabetes but the inhibition of oral intake of food after the surgery makes the body to use the stored
fat as energy source during the period that helps in reducing the body weight and cause the remission. Therefore, the mechanism
of bariatric surgery causing the remission of diabetes is not clearly known.

b) Calorie restricted diet or low calorie diet

Calorie intake is one of the factors that contributes to weight gain. When calorie intake is more than the required amount,
body stores the surplus energy as triacylglycerol which leads to increase in body weight and internally leads to formation of
fatty liver. The phenomenon behind low calorie diet helping in remission of type 2 diabetes is that, when oral energy
consumption (fat or carbohydrate) is below the daily requirement of the body, body starts using stored fat for energy as a result,
body weight (stored body fat) is reduced. This leads to increase in production and sensitivity of the insulin.

Many clinical trials and observations were made using low calorie diet. All those trials were collaborately called as DIRECT
(Diabetes Remission Clinical Trials). In one of this trials, 306 diabetic patents were taken. They were neither on insulin nor
detected as diabetes patents more than 6 years ago. [19] They were on low calorie diet of 825 to 853Kcal/day for 3 to 5 months
and other foods were reintroduced step wise together with maintaining the body weight within normal range. At 1 year, 46%
reversal was achieved with HbA1c¢<6.5g/dL without hypoglycemic medication and at 2 years reversal rate dropped to 37%.
[20] Based on drop in the remission rate at 2 years, it was understood that huge level of calorie restriction was needed to induce
enough level of weight loss for remission of diabetes mellitus. It was also found out that remission was effective for those with
short duration of diabetes (generally less than 4 years of onset), HbAlc closer to the threshold level and those taking few
hypoglycemic drugs. [21-22]

Another study was done among 11 type 2 diabetes patients who were detected as type 2 diabetes within 4 years. Thye were
given very low calorie diet, i.e. 600Kcal/day and at 2 months, positive response was observed. Fasting plasma glucose was
found to decrease from about165mg/dl to about 106mg/dl. HbAlc was found to decrease from 7.4g/dl to 6g/dl. Likewise,
fasting insulin level was found to drop from about 151pmol/l to 65pmol/l and hepatic glucose production rate from about 2.4
to 1.71mgKgffm-1Min-1. Insulin sensitivity rate was found to increase from 43% to 74%. Hepatic and pancreatic triacylglycerol
was found to decrease by70% and 77.5% respectively. Plasma lipid was found to drop from about 43.2g/dl to about 21.6g/dl.
Like in all other methods weight loss was considered the main pillar which was found to happen by about 15% of initial body
weight. [23] Though this study proved that very low calorie diet can reverse type 2 diabetes but very low calorie diet over long
period can cause other complications and maintaining the weight upon increasing the calorie was most difficult thing found to
be achieved.

Another trial was carried out in Bengaluru, India. 32 type 2 diabetes patients were treated with intensive lifestyle therapy. They
were given low calorie diet of 1500Kcal/day with brisk walk for 1 hrs/day. 75% out of 32 got diabetes reversed in 1st year and
same reversal rate could be maintained in 2nd year. They had found out that 2 patents who gained 3 to 4 kg of weight in between
1st and 2nd years had recurrence of diabetes [24]

C) Carbohydrate Restricted Diet

Consumption of carbohydrate less than RDA is called carbohydrate restricted diet. It is of two types, low carbohydrate diet
where the total daily consumption of carbohydrate is less than 130 g/day and very low carbohydrate diet where per day
consumption of carbohydrate is between 20 to 50 grams. It is also called as ketogenic diet. Protein and fat intake is not changed
in this diet. The mechanism behind reversal of type 2 diabetes by carbohydrate restricted diet is, when carbohydrate is less than
required, body will mobilize the stored triacylglycerol as energy source which will be converted to ketone bodies and later used
as energy source. [25] During clinical trials for carbohydrate restricted diet for one year, 60% of the patents could reverse type
2 diabetes with plasma glucose below threshold level and HbAlc below 6.5% without hypoglycemic drugs. [26] Maintaining
hypoglycemic level at 2 years was possible with 73% from the 60% at year 1. For this study diabetic patents for more than 8
years and those already on insulin treatment for one year were also included. This proves that carbohydrate restricted diet can
sustain the reversed state of hypoglycemic level and also can reverse the patents who are already on insulin treatment within
one wear.[27]
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Type 2 diabetes can be reversed by restricted diets and regular exercise which helps in reducing body weight and fat deposition
in liver and pancreas. Excess body weight is proved as the root cause for type 2 diabetes and reduction in it by any means will
improve the condition. Avoiding ultra-processed food and red meat and going for low carbohydrate diet, if possible fermented
food like yoghurt and daily exercise should be encouraged for pre and early detected type 2 diabetes patents. Remission is much
less likely once the person is on insulin or those with more than ten years on diabetes. Therefore, early counselling and diet
guidelines are more important than prescribing medicines by the physician.

Conclusion

Among all the methods, carbohydrate restricted diet proved to be most efficient in reversing type 2 diabetes followed by calorie
restricted diet and then bariatric surgery. Achieving more than 60% remission rate by simple diet control is a great discovery
in the history of diabetes therefore everypre diabetic and early detected diabetic patients should be properly counselled and
made to control their dietary habitto reduce the chance of progressing to diabetic patents. People should be informed about the
possibility ofremission and encourage early screening and diagnosis as being late reduces the chance of remission.

REFERENCES

American Diabetes Association. Diagnosis and classification of diabetes mellitus. Diabetes care. 2014 Jan 1;37(Supplement_1):S81-90.

https://www.who.int/news-room/fact-sheets/detail/diabetes

Satyanarayan U, Chakrapani U. Biochemistry.Haemoglobin and porphyria. India: Haryana; 2021.p.179

https://idf.org/aboutdiabetes/what-is-diabetes/facts-figures.html

https://www.cdc.gov/diabetes/data/statistics-report/index.html

Centers for Disease Control and Prevention, US Department of Health and Human Services. centres for Disease Control and Prevention National Diabetes

Statistics Report, 2017. Centers for Disease Control and Prevention, US Department of Health and Human Services: Atlanta, GA, USA. 2017.

Vasudevan DM, Sreekumari S, Vaidyanathan, K. Textbook of Biochemistry for Medical Students.Minor metabolic pathway of Carbohydrate. India:

New Delhi;2011. P.119

8.  https://www.who.int/diabetes/publications/grd-2016/en/

9.  https://www.who.int/news-room/fact-sheets/detail/diabetes

10. Hallberg S, Gershuni V, Hazbun T, Athinarayanan S. Reversing Type 2 Diabetes: A Narrative Review of the Evidence. Nutrients. 2019;11(4):766.

11. Rubino F, Nathan D, Eckel R, Schauer P, Alberti K, Zimmet P et al. Metabolic Surgery in the Treatment Algorithm for Type 2 Diabetes: a Joint Statement
by International Diabetes Organizations. Obesity Surgery. 2016;27(1):2-21.

12. Doble B, Wordsworth S, Rogers C, Welbourn R, Byrne J, Blazeby J. What Are the Real Procedural Costs of Bariatric Surgery? A Systematic Literature
Review of Published Cost Analyses. Obesity Surgery. 2017;27(8):2179-2192.

13.  Rubino F, Gagner M. Potential of surgery for curing type 2 diabetes mellitus. Annals of surgery. 2002 Nov;236(5):554.

14. Cohen R, Caravatto P, Correa J, Noujaim P, Petry T, Salles J et al. Glycemic control after stomach-sparing duodenal-jejunal bypass surgery in diabetic
patients with low body mass index. Surgery for Obesity and Related Diseases. 2012;8(4):375-380.

15.  Picot JJ, Jones J, Colquitt JL, Gospodarevskaya E, Loveman E, Baxter L, Clegg AJ. The clinical effectiveness and cost-effectiveness of bariatric (weight
loss) surgery for obesity: a systematic review and economic evaluation.

16. Gumbs AA, Pomp A, Gagner M. Revisional bariatric surgery for inadequate weight loss. Obesity surgery. 2007 Sep;17(9):1137-45.

17.  Velapati SR, Shah M, Kuchkuntla AR, Abu-Dayyeh B, Grothe K, Hurt RT, Mundi MS. Weight Regain After Bariatric Surgery: Prevalence, Etiology,
and Treatment. Curr Nutr Rep. 2018 Dec;7(4):329-334. doi: 10.1007/s13668-018-0243-0. PMID: 30168043.

18. Velapati SR, Shah M, Kuchkuntla AR, Abu-Dayyeh B, Grothe K, Hurt RT, Mundi MS. Weight regain after bariatric surgery: prevalence, etiology, and
treatment. Current nutrition reports. 2018 Dec;7(4):329-34.

19. Sjostrom L, Lindroos A, Peltonen M, Torgerson J, Bouchard C, Carlsson B et al. Lifestyle, Diabetes, and Cardiovascular Risk Factors 10 Years after
Bariatric Surgery. New England Journal of Medicine. 2004;351(26):2683-2693.

20. Lean M, Leslie W, Barnes A, Brosnahan N, Thom G, McCombie L et al. Primary care-led weight management for remission of type 2 diabetes
(DIRECT): an open-label, cluster-randomised trial. The Lancet. 2018;391(10120):541-551.

21. Lean M, Leslie W, Barnes A, Brosnahan N, Thom G, McCombie L et al. Durability of a primary care-led weight-management intervention for remission
of type 2 diabetes: 2-year results of the DIRECT open-label, cluster-randomised trial. The Lancet Diabetes &amp; Endocrinology. 2019;7(5):344-355.

22. Mottalib A, Sakr M, Shehabeldin M, Hamdy O. Diabetes Remission after Nonsurgical Intensive Lifestyle Intervention in Obese Patients with Type 2
Diabetes. Journal of Diabetes Research. 2015; 2015:1-4.

23.  Lim EL, Hollingsworth KG, Aribisala BS, Chen MJ, Mathers JC, Taylor R. Reversal of type 2 diabetes: normalisation of beta cell function in association
with decreased pancreas and liver triacylglycerol. Diabetologia. 2011 Oct;54(10):2506-14.

24. Sarathi V, Kolly A, Chaithanya H, Dwarakanath C. High rates of diabetes reversal in newly diagnosed Asian Indian young adults with type 2 diabetes
mellitus with intensive lifestyle therapy. Journal of Natural Science, Biology and Medicine. 2017;8(1):60.

25.  Westman EC, Feinman RD, Mavropoulos JC, Vernon MC, Volek JS, Wortman JA, Yancy WS, Phinney SD. Low-carbohydrate nutrition and metabolism.
The American journal of clinical nutrition. 2007 Aug 1;86(2):276-84.

26. Hallberg SJ, McKenzie AL, Williams PT, Bhanpuri NH, Peters AL, Campbell WW, Hazbun TL, Volk BM, McCarter JP, Phinney SD, Volek JS.

Effectiveness and safety of a novel care model for the management of type 2 diabetes at 1 year: an open-label, non-randomized, controlled study. Diabetes

Therapy. 2018 Apr;9(2):583-612.

ok~ wh e

~

.Journal of Pharmaceutical Negative Results | Volume 13 | Special Issue 6 | 2022 m




