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Introduction  

Type 2 diabetes (T2DM) is a chronic, complex metabolic 

disease characterized by two main pathophysiological 

defects namely; insulin resistance and beta cell dysfunction 

which does not occur at once (1). Insulin resistance is 

defined as target cell resistance to the activity of insulin and 

beta cell dysfunction indicates insufficient secretion of 

insulin by the pancreatic beta cells to maintain 

normoglycaemia. The natural history of T2DM is 

characterised by progressive deterioration of beta cell 

function overtime. This pathological process is considered 

to be unabated by the life style and existing pharmacological 

interventions informed by the standard existing clinical 

guidelines (2). 

Because of the progressive nature, the management of 

T2DM requires continuous medical care with increasingly 

complex therapeutic regimens. Current standards of care 

acknowledge that management of this inevitably progressive 

disease involve sequential addition of oral hypoglycaemic 

agent’s overtime, followed by insulin therapy when the 

glycaemic control cannot be achieved without exogenous 

insulin supplementation due to near complete failure of 

pancreatic beta cell function.  

The aforementioned practice of management of diabetes is 

characterized by ‘treatment for failure’ approach which is 

distinct from management of most of the other diseases, of 

which goals of management is cure. However, researchers in 

the field have not yet given up the uphill battle of defeating 

diabetes completely ie ‘finding a cure’. There is an emerging 

evidence regarding the possibility of reversal or regression 

of diabetes in a majority of patients with T2DM especially 

the new onset. 

Current understanding of pathophysiology of type 2 

diabetes 

As mentioned above, the natural history of T2DM shows 

inexorable progression despite diet, exercise and medical 

therapy.  In the UKPDS study, among 4075 patients newly 

diagnosed as having type 2 diabetes who were managed with 

monotherapy of diet, metformin, sulfonylurea or insulin 

showed majority had progressive deterioration of glycaemic 

control with only 25% achieving the glycaemic control at 9 

years with monotherapy (2). Similar findings were shown 

with sulfonylurea in ADOPT trial (3). 

The two major pathological factors causing type 2 diabetes 

namely, insulin resistance and beta cell dysfunction are 

recognised to have different time courses rather than 

occurring simultaneously according to the current 

understanding (1). Insulin signalling defects (4), glucose 

transporter defects(5) and lipotoxicity (6) may be driving 

insulin resistance in skeletal muscles , liver and pancreas, 

whereas amyloid deposition in the islets (7), oxidative stress 

(8), excess fatty acid (9), or dysfunction  of incretin effect 

(10) are attributed as causes of beta cell dysfunction. 

Insulin resistance in muscles 

Insulin resistance in skeletal muscles is the earliest 

abnormality detected in T2DM which is the main 

contributing factor for whole body insulin resistance (11). 

Despite several genetic and acquired defects of insulin action 

at receptor levels being studied in research, exact 

pathophysiology of muscle insulin resistance is yet to be 

identified. However when separation of the contributions of 

muscle and liver were studied, early improvement in  the 
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control of fasting plasma glucose level was shown to be 

associated predominantly with the improvement of liver 

insulin sensitivity (12, 13). 

Additionally many individuals are observed to maintain 

normal blood glucose levels despite having similar levels of 

muscle insulin resistance to those with type 2 diabetes (14). 

Nevertheless, it has been recognised that longstanding 

muscle insulin resistance causes increase plasma insulin 

levels accelerating the accumulation of fat in the liver by 

stimulating de novo lipogenesis. Thus pathophysiological 

importance of muscle insulin resistance operates over a 

period of many years (1).  

Insulin resistance in the liver 

When daily caloric intake exceeds expenditure, storage of 

liver fat occurs increasing the metabolic stress to 

hepatocytes. Within the hepatocyte, fatty acids can be 

derived from de novo lipogenesis, uptake of non-esterified 

fatty acids and low density lipoproteins (LDL) or lipolysis of 

intracellular triacylglycerol. This fatty acid pool may be 

oxidized for energy production or may be combined with 

glycerol to form mono-, di-, or triacylglycerols (15). Chronic 

hyperinsulinaemia associated with long standing muscle 

insulin resistance accelerates de novo lipogenesis and 

production of malonyl-CoA which inhibits transport of fatty 

acids into mitochondria for oxidation. Thus newly 

synthesized triacylglycerol is preferentially directed towards 

storage or export, thereby increasing the hepatic fat content 

and plasma VLDL triacylglycerol levels (15). Furthermore, 

excess diacylglycerol profoundly affects the signalling 

pathway from insulin receptor to insulin receptor substrate 

1 (IRS-1) which is the first post receptor step in intracellular 

insulin action causing insulin resistance (16). Additionally 

excess fatty acids promote ceramide synthesis which in turn 

increases gluconeogenic enzymes leading to increased 

hepatic glucose production (17).  Thus, under circumstances 

of chronic energy excess, a raised level of intracellular 

diacylglycerol specifically prevents normal insulin action, 

and hepatic glucose production fails to be suppressed 

leading to increased fasting plasma glucose (1). Nevertheless, 

despite the above mentioned close relationship between 

raised liver fat content and insulin resistance, high levels of 

liver fat are not inevitably associated with hepatic insulin 

resistance in all individuals due to yet unidentified 

mechanisms (1). 

Beta cell dysfunction  

A population-based survey conducted in Mexico involving 

2279 adults studied whether conversion of normoglycaemia 

to hyperglycaemia occurs gradually overtime or in a stepwise 

manner when diabetes develops. Very often the onset of 

diabetes was observed to be rapid, rather than gradual and it 

was in part explained by a fall in glucose- stimulated acute 

insulin response which plays a major role in determining 

glucose tolerance status over time (18). Furthermore, the 

progressive decrease in beta cell insulin secretion particularly 

in the first phase (acute insulin response) is likely the most 

critical functional defect in the development of T2DM 

according to physiological studies (19,20). Moreover, 

subsequent studies revealed younger age and weight gain 

were more associated with diabetes progression from the 

onset (21) and around 50% experienced loss of glycaemic 

control while on medications indicating unabated 

deterioration of beta cell function despite therapy (2). 

Pathophysiology of beta cell dysfunction 

In a background of long standing insulin resistance, 

pancreatic beta cells  increase the output of insulin from each 

cell and/or increase its cell mass, to maintain 

normoglycaemia (22). Over a period of time inadequate 

compensation featured by inadequate insulin secretion from 

each cell or an inadequate beta cell mass for the levels of 

prevailing insulin sensitivity would lead to development of 

diabetes. The beta cell dysfunction is progressive and is 

usually considered to be about 50% by the time a person’s 

plasma glucose level is in diabetic range. (22). Moreover it 

continues to worsen even after the development of diabetes.  

Glucotoxicity and lipotoxicity are two acquired defects 

hypothesized to be associated with impaired insulin 

secretion. In glucotoxicity, chronic hyperglycaemia depletes 

insulin secretary granules from beta cells impairing the 

amount of insulin available for secretion. Furthermore, 

lowering of glucose levels has shown to improve acute beta 

cell insulin response (22). Lipotoxicity is characterised by 

reduced beta cell capacity due to chronic exposure to high 

level of fatty acids (22, 23). In a state of increased fatty acid 

levels beta cells avidly import them in to cells through CD 

36 transporters and excess is stored as triglycerol. The energy 

surplus state prevents the increase in ATP production from 

the glucose oxidation which is a requirement for insulin 

secretion in response to glycaemic load. Additionally, 

increased fatty acid availability inhibits pyruvate cycling and 

the major rate-limiting enzyme of glucose oxidation the 

pyruvate dehydrogenase activity. Furthermore, in vitro 

studies have shown that excess fatty acids prevent beta cell 

proliferation by induction of cell cycle inhibitors P16 and 

P18, which is further worsened by high glucose 

concentration (22, 24, 25, and 26). 

There is approximately 50% reduction in the number of beta 

cells in T2DM patients when compared to normoglycaemic 

subjects indicating reduction of total possible insulin 

response (22). Beta cell loss via apoptosis appears to increase 

as the duration of diabetes increases. The apoptosis is 

thought to be increased by chronic exposure to high 

concentration of fatty acid metabolites and products 

synthesised from fatty acids, such as ceramide (27, 28). 

Low grade beta cell inflammation is hypothesised to be a 

possible contributory factor in the development of T2DM. 

Pancreatic islets from T2DM patients are known to have 

amyloid deposits, fibrosis, and increased cell death, 

associated with an inflammatory response. Glucotoxicity is 

a likely inducer of this inflammatory reaction (22). However, 

the onset and expression of hyperglycaemia is not uniform 
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even in the presence of above mentioned pathological 

abnormalities indicating that individual susceptibility factors 

determine the onset of the condition, and both genetic and 

epigenetic factors may contribute (1,22). 

 

 

The twin cycle hypothesis of type 2 diabetes 

Evidence coming from bariatric surgery and hypocaloric diet 

has led to development of twin cycle hypothesis for 

aetiology of diabetes. Positive caloric balance is the primary 

influence of the whole process which leads to accumulation 

of liver fat and secondarily in the pancreas. These self-

reinforcing cycles interact to bring about T2DM. Fatty liver 

leads to impaired fasting glucose metabolism and increases 

export of VLDL triacylglycerol, which increases fat delivery 

to all tissues, including the islets of pancreas. The liver and 

pancreas cycles drive forward even after onset of diabetes 

with steady decrease in beta cell function (1, 29). 

Is reversal of type 2 diabetes possible? 

Numerous studies conducted in the field of diabetes in 

search of a cure have revealed promising evidence on the 

possibility of reversal or remission of T2DM. Out of all the 

strategies used, most beneficial results were found with use 

of bariatric surgery and hypocaloric diet (1). 

Bariatric surgery 

Early indications of the possibility of T2DM being a fully 

reversible disease in some patients emerged from the 

outcomes of bariatric surgery (30-32). Bariatric surgery leads 

to remission of diabetes in up to 95 % of patients. A 

randomised controlled trial (RCT) of 60 people comparing 

gastric bypass or bilio-pancreatic diversion and medical 

treatment revealed a remission rates of diabetes in 37% and 

63% of patients respectively at 5 years, where none of the 

medically managed patients achieved remission (30). 

Adjustable gastric banding in diabetic patients diagnosed 

within 2 years with BMI between 30 -40kg/m2, showed a 

remission rate of 73% at 2 years (31). Roux-en-Y gastric 

bypass (RYGB) was found to be more potent in achieving 

partial or complete remission of diabetes at 1 year, compared 

to adjustable gastric banding (32). The effect of 

normalization of blood glucose was persistent in almost 90% 

of patients even after 10 years of surgery (32). 

Dietary intervention  

The unforeseen observation of normalisation of blood 

glucose within days of bariatric surgery even before 

substantial loss of weight occur directed towards the 

possibility of acute profound decrease in caloric intake in 

reversing diabetes. There are several types of diet regimes 

studied in this purpose. 

Low calorie diet 

Studies have shown that remission of diabetes is achievable 

with low caloric diet. A study by Lim et al, where a 600 

kcal/day diet comprising of liquid formulas and non-starchy 

vegetables for 8 weeks was given to 11 participants with a 

diabetes duration less than 4 years, shown significant 

reduction in FBS, along with improved insulin sensitivity in 

Figure 1: The twin cycle hypothesis of the aetiology of T2DM -adapted from Taylor R, 2013 (01) 
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the liver, reduced liver and pancreatic fat content and 

improved beta cell function at 8 weeks (33). 

An almost similar method was used by Steven et al,  where 

very low calorie diet (624kcal/day) was given for 8 weeks, to 

patients with diabetes duration less than 8 years, followed by 

2 week of isocaloric food reintroduction and  followed up 

for 6 months of weight maintenance. 43% had remission of 

diabetes at the end of 6 months, and the remission negatively 

correlated with the duration of diabetes, baseline FBS and 

HbA1c, but no association was found with the baseline BMI 

(34). 

Intensive life style intervention 

In the  Look AHEAD study involving around 5000, 

overweight adults with T2DM, where intensive lifestyle 

intervention (ILI) was compared to diabetes support and 

education programme (DSE), a frequent, weekly individual 

counselling was offered to the ILI group for the first 6 

months followed by 3 per month for second 6 months and 

twice monthly for next 2 years. The ILI aimed to reduce total 

caloric intake to 1200 to 1800kcal/d through reductions in 

total and saturated fat intake and by increasing physical 

activity levels to a goal of 175 min/wk. The remission rate 

was higher in ILI compared to DSE group, but however 

even in the ILI group the prevalence of remission was found 

to be low. Mean reduction of body weight of about 9% after 

one year in the intensive lifestyle intervention arm, was 

associated with a complete remission of only 1.3% of 

participants (35). 

A retrospective study among 88 participants included in the 

Why WAIT, a 12 week multidisciplinary intensive weight 

management programme involving intensive and interactive 

medication adjustments, structured modified dietary 

intervention, graded exercise and cognitive behavioural 

programme, marked improvement in glycemic control was 

seen in 19, with partial and complete remission in 2.3% each 

(36). 

Recently, an open label, cluster -randomised trial- DiRECT, 

showed that remission of T2DM is a practical target in 

primary care with intensive weight management.  All anti-

diabetic and anti-hypertensive medications were withdrawn 

in the intervention group at the beginning of the study, and 

a total diet replacement of nearly 850 kcal/day was given 

followed by a stepped food reintroduction and weight 

management programme, targeting a weight loss of 15kg. 

The weight loss of 15kg was achieved in 24% of the 

intervention group, 48% of intervention group achieved 

remission at 1 year (37) 

Mediterranean diet 

A randomized control trial, comparing a low carbohydrate 

Mediterranean diet (MED) to a low fat diet, in newly 

diagnosed patients with diabetes with BMI greater than 25, 

showed that MED diet was associated with lower HbA1c 

and FBS, and lower need for initiation of drug treatment 

(38). 

Pharmacological interventions 

Oral hypoglycaemic agents and insulin alone, or in 

combination were studied with regard to their potential in 

reversing diabetes. Early Intensive insulin therapy appears to 

be promising when compared to oral hypoglycaemic agents 

in achieving diabetes remission. 

Oral hypoglycaemic agents 

Gliclazide MR 60 mg was studied vs 16 u of  premixed 

insulin, in newly diagnosed drug naive diabetes patients with 

FBS >200 mgs, along with medical nutrition  therapy. 

Although blood glucose levels normalised in both groups in 

2-6 weeks, the drug free remission with oral gliclazide was 

only 3% at 6 months, whereas in the insulin treated group it 

was 80% (39). 

Oral hypoglycaemic agents(OHA) (glimepiride and /or 

metformin) vs. insulin glargine alone or in combination with 

above OHAs is used to achieve a FBS target of 6.1mmol/l, 

and 2-hr post meal glucose of 8mmol/l, which was 

maintained for 3 months, and after which the treatment was 

stopped. The remission rate was higher in the combination 

group (insulin + OHA) rather than OHA group at 1 year 

(40) 

When taking everything into account, oral hypoglycaemic 

agents alone, has poor capacity to induce remission of 

diabetes when compared to insulin regimes. 

Insulin 

It was 30 years ago, a group of researchers showed that 

insulin treatment in NIDDM appears to have a beneficial 

effect by lowering insulin resistance, and resulted in 

remission of diabetes (41). 

When insulin was given as a continuous subcutaneous 

infusion, in a physiological dose (0.6u/kg) for 2 weeks, to 

achieve normoglycemia in a group of newly diagnosed 

diabetic patients who failed to achieve normoglycemia with 

diet and exercise, remission of diabetes was noted in 9 out 

13 patients at 6 months (42).  

Similarly Li et all demonstrated remission of diabetes along 

with the improvement in beta cell function in a group of 

newly diagnosed diabetes patients in a Chinese population 

treated with continuous subcutaneous insulin infusion for 2 

weeks(43) 

Combination of interventions 

Combined diet and pharmacotherapy 

Forty-two per cent of newly diagnosed, unselected African 

Americans with Type 2 diabetes, presenting with severe 

hyperglycaemia, treated intensively using pharmacological 

agents, education and diet developed near-norm glycaemic 

remission at 1 year (44).  
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Combined pharmacotherapy and lifestyle interventions 

In a pilot study carried out among patients with diabetes 

diagnosed within 3 years and with a HbA1c of less than 8.5 

while not on oral drugs or less than 7.5 in one or two OHA, 

a combination of lifestyle, OHAs (acarbose and metformin) 

or insulin glargine, either alone or in combination with 

OHAs was used for 8 weeks, and 16 weeks to achieve a 

target FBS of 4 – 5.3 mmol/l after which treatment was 

tailed off to zero over 5 days. Twelve weeks after completion 

of the intervention, 21.4% of the 8week intervention group 

and 40.7 % of the 16 week group met the HbA1c criteria for 

partial or complete diabetes remission (45) 

Theories behind reversal of type 2 diabetes; what 

remission studies say? 

The degree of weight loss stems the remission of diabetes in 

studies involving bariatric surgery. Since surgery is more 

effective in achieving weight loss, surgical procedures 

showed the most benefit when compared to non-surgical 

methods (30). Surgery induced specific changes mediated 

through incretin hormone secretion was thought to be the 

cause for immediate normalisation of blood sugar initially 

(46). But later on, acute profound reduction in calorie intake 

at the time of surgery was thought to be the more likely 

cause. This precipitous reversal of traffic in to fat stores 

brings about profound change in intracellular concentration 

of fat metabolites and other products synthesised from fatty 

acids (1).  

Furthermore, in a state of negative calorie balance induced 

by surgery or diet, fat is mobilized first from the liver and 

other ectopic sites rather than from visceral or subcutaneous 

fat stores which ultimately leads to reduction of liver fat and 

improvement of hepatic insulin sensitivity (47). Thus fasting 

plasma glucose normalises within 7 days of the intervention 

(46). Moreover, normalisation of acute insulin response as 

well as the maximal insulin response can occur with 

substantial reduction of calorie intake over 8 weeks from 

similar interventions (11). Gradual and steady reduction of 

pancreatic fat content was compatible with the time course 

of the increase in both first phase and total insulin secretion 

in these studies. 

According to the aforementioned understanding about beta 

cell apoptosis and rates of turnover during adult life, it is 

conceivable that removal of adverse factors such as 

glucotoxicity and lipotoxicity could result in restoration of 

normal beta cell number.  Plasticity of lineage and trans-

differentiation of human adult beta cells could possibly be 

contributing (48). All inclusively, it is clear that at least a 

critical mass of beta cells is not permanently damaged but 

merely metabolically stunned at the onset of T2DM. Thus 

induction of long lasting remission or reversal of T2DM is 

possible in some patients with right interventions more likely 

at the early period of the disease.  

Paradigm shift in management of newly diagnosed 

patients with type 2 diabetes 

Upcoming evidence on possibility of T2DM will change the 

face of the disease which was long known to have the nature 

of inevitable progression despite treatment. This evidence 

will give new hope to clinicians as well as patients who were 

labelled as having chronic illness which will ultimately cost 

their life span. 

Though the approaches used to induce remission of type 2 

diabetes look strenuous and laborious, the ultimate outcome 

will save a lifetime to the patient and a huge economical gain 

to the health care system if successful, by eliminating the 

long-term cost of medications and diabetic care. 

Moreover even if the reversal is not achieved or not 

sustainable, the role of intensive glycemic control early in the 

course of the disease in preventing microvascular 

complications in the long run, is a well-established 

phenomenon. This concept is based on the hypothesis that 

microvascular complications are related to the degree and 

length of exposure to hyperglycaemia. This was described as 

“metabolic memory” by the DCCT/EDIC (49) 

investigators and as “legacy effect” by the UKPDS 

investigators (50). 

Metabolic memory /legacy effect 

Early achievement of glycaemic control translated into a 

long-term reduction of the risk of micro- and macro vascular 

complications in the UKPDS study. Despite an early loss of 

glycaemic differences between the conventional and 

intensive treatment group,  a continued reduction in micro 

vascular risk and emergent risk reductions for myocardial 

infarction and death from any cause were observed during 

10 years of post-trial follow-up (50) Similarly DCCT/EDIC 

follow-up study also demonstrated the legacy effect in type 

1 diabetes in which the initial 2% HbA1c separation between 

the intensive or conventional control groups was lost during 

the follow up, when the two groups of participants returned 

to standard treatment but the initial intensively treated group 

continued to have lower rates of development of micro 

vascular and macro vascular complications. (49).The 

underlying mechanism behind the metabolic memory or 

legacy effect is still not clearly elucidated.  

With the available evidence, it can be assumed, regardless of 

the reintroduction or escalation of medications after the 

intensive treatment phase, and glycaemic control after the 

cessation of intensive glycemic management, the long-term 

cardiovascular outcomes should be better in the intensively 

managed patients. However, long term follow up of the 

regression trials are necessary to study the phenomenon of 

metabolic memory or legacy effects in the study population 

treated with intensive glycemic control. 

Limitations of the regression studies 

Though there are multiple approaches to induce regression 

of T2DM, except for bariatric surgery and hypocaloric diet, 

other approaches were not uniformly studied. Furthermore 

those approaches are not comparable to each other because 

of the different study population with regard to BMI, 
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duration of diabetes and baseline HbA1c. In addition, the 

definition of remission varies between trials. Most of the 

data available on the regression of diabetes is from 

overweight or obese subjects. Specially in an Asian 

population where lean diabetes/ diabetes with a normal BMI 

is prevalent(51), due to the presence of high visceral 

adiposity, the applicability of the above principles remain 

unknown and need to be evaluated.  

Quality of life is an important domain to be assessed when 

major changes in lifestyle have been made. However there 

was no significant difference in quality of life between the 

intensive life style intervention arm and the control arm in 

one study (45). But subsequently the DiRECT trial 

demonstrated significant improvement in the quality of life 

at 12 months as measured by the EuroQol 5 Dimensions 

visual analogue scale (37). Adhering to an intensive lifestyle 

modification with regard to diet and exercise is challenging 

and need continuous motivation and support. But the 

aforementioned trials have proved that it is a practical target 

even in primary care set up. 

Cardiovascular disease remains the main cause of mortality 

in diabetes, and it is of no wonder, that treatment modalities 

of diabetes mellitus should address the cardiovascular 

outcomes. Long term follow up data regarding the 

sustenance of remission, cardiovascular outcomes and 

diabetic related complications is sparse in the regression 

trials. Most of the studies have been done with a short term 

follow-up of 6months to 1 year. A Chinese  follow-up study 

over 20 years, after an intensive life style intervention of 6 

years failed to show significant cardiovascular benefit 

compared to the control group(52).An 8 year follow-up of 

LOOK AHEAD trial showed some optimism regarding the 

sustainability of weight loss over 8 years with ILI. Although 

the study showed benefits of the weight loss intervention on 

diverse outcomes, including chronic kidney disease, 

disability, depression, and sleep quality, no significant effect 

was demonstrated on CVD, raising the concerns regarding 

the benefits of life style interventions in long term (53).  

The huge cost associated with above mentioned approaches 

is also an important issue when applying this concept in 

resource poor settings like in the Asian context, where 60% 

of world diabetic population live. Special dietary practices 

exercise programmes, medication cost and stringent 

monitoring during this process, add to the initial cost on 

management of the patient. Overcrowded health care 

centres and lack of experience regarding the above concept 

further pushes away the mission of achieving diabetes 

remission. 

Conclusion 

Remission of diabetes has become an achievable ambition 

using multiple approaches. The safety and sustainability of 

the interventions remains to be elucidated. Further multi - 

cantered studies with long term follow up are needed, 

comparing different approaches in achieving long-term 

remission of diabetes and evaluating cardiovascular 

outcomes and complications. 
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