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Maria Rosa Bernal-López1,2,4* and Ricardo Gómez-Huelgas1,2,4
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1 Introduction

There were estimated 463 million people with diabetes in the world in 2019.

Epidemiological studies based on population data predict an increase during the next

twenty years. By 2045, it is estimated that there will be 700 million people in the world with

diabetes (1). A global appeal to the scientific community has been made to create strategies

to reduce the prevalence of type 2 diabetes.

Since the introduction of bariatric surgery in the 1990s, a significant improvement in

glycemic control began to be observed in patients who underwent this technique. These

improvements, which in some cases reached a situation of diabetes remission, were initially

attributed to the reduction of caloric intake. In addition, a role of intestinal hormones was

hypothesized (2). Later it was demonstrated that the reduction of caloric intake and the

consequent weight loss led to a decrease in intrahepatic and intrapancreatic fat, which

resulted in an improvement in insulin resistance (3).These findings changed the perception

of diabetes from a chronic and progressive disease to a potentially reversible condition.

Since then, several studies and consensus documents have been developed to define the

concept of remission in type 2 diabetes.

At the same time, hypoglycemic drugs have improved greatly over recent years. The

availability of multiple treatment options is leading to important changes in type 2 diabetes

management. Traditional diabetes management focused exclusively on glycemic control

has been replaced by broader management that includes diabetes complications and

comorbidities such a kidney disease, cardiovascular risk, obesity and heart failure.

Through this article we aim to perform a narrative review of the literature on the

different strategies studied to achieve remission of type 2 diabetes mellitus, analysing their

strengths and limitations. This critical appraisal cannot ignore the advances achieved in the
frontiersin.org01

https://www.frontiersin.org/articles/10.3389/fendo.2023.1125961/full
https://www.frontiersin.org/articles/10.3389/fendo.2023.1125961/full
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fendo.2023.1125961&domain=pdf&date_stamp=2023-04-03
mailto:michele.ricci4@gmail.com
mailto:rosa.bernal@ibima.eu
https://doi.org/10.3389/fendo.2023.1125961
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/endocrinology#editorial-board
https://www.frontiersin.org/journals/endocrinology#editorial-board
https://doi.org/10.3389/fendo.2023.1125961
https://www.frontiersin.org/journals/endocrinology


Ricci et al. 10.3389/fendo.2023.1125961
pharmacological management of diabetes and its significance in the

prevention of cardiovascular risk as well as the personalized and

holistic approach of the diabetic patient.
2 Definition of remission in
type 2 diabetes

A systematic review of the literature on the topic has identified

nearly 100 different definitions of remission in type 2 diabetes (4).

This has created a heterogeneity in the studies so far published

affecting comparability and reproducibility of the results.

To overcome this issue, an international expert group convened

by the American Diabetes Association has recently proposed a

definition of remission in type 2 diabetes based on glycated

hemoglobin (HbA1c). They define remission as “HbA1c <6,5%

(48 mmol/mol) measured at least 3 months after cessation of

glucose-lowering pharmacotherapy (at least 6 months after

starting a lifestyle intervention)” (5). This document recognises

three different interventions through which remission can be

achieved: bariatric surgery, pharmacotherapy and lifestyle.

While promoting standardisation, this definition however has a

few limitations. Firstly, it brings together under the concept of

remission three very different interventions whose results, both

from a pathophysiological and clinical point of view, do not seem to

be comparable.

In addition, the definition of remission is based on glycosylated

hemoglobin levels. This parameter has been chosen because of the

high level of reproducibility guaranteed by international standards

(6). Nevertheless, it restricts the boundaries of diabetes to an

exclusively glucocentric conception without considering the

importance of weight loss and other metabolic and cardiovascular

changes typical of these patients.

This definition seems to go in the opposite direction to a

broader and newer view of type 2 diabetes that has shifted the

focus from strict glycemic control to prevention of cardiovascular

risk and obesity-associated complications. Indeed, glycosylated

hemoglobin levels below 6.5% do not rule out the possibility of

developing typical diabetic complications and, as it has been widely

demonstrated, cardiovascular risk begins to increase before this cut-

off (7, 8).

Considering all these aspects, there is a risk that the label of a

“patient in remission for diabetes” may generate a false sense of

security in the patient. This may in turn lead to an early

abandonment of the necessary follow-up and consequently to

inadequate control of the other cardiovascular risk factors.

Finally, the new definition of remission is based on expert

opinion according to the current diagnostic criteria of T2D. In

order to reduce the risk of recurrence, a lower cut-off of HbA1c or

using criteria derived from continuous glucose monitoring (CGM)

systems, such as time in range (TIR), may be necessary to evaluate

diabetes remission (9).The consensus of 2021 states that CGM-

derived data can be used, but only the estimated HbA1c (eA1c) level

is presented among the values. The data could be considered a novel

metric, such as time in range (TIR), in the evaluation of remission.
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3 Metabolic surgery and remission
in type 2 diabetes

Since its introduction in 1990, different techniques to promote

weight loss have been developed, including gastric banding, vertical

banded gastroplasty, sleeve gastrectomy, Roux-en-Y gastric bypass

and bi l iopancreat ic divers ion with/without duodenal

switching (10).

As a criterium to access the intervention, the US National

Institute of Health (NIH) refers to the following parameters: BMI

of 40 or greater or BMI of 35 or greater with an obesity-related

health condition. Currently we have ample scientific evidence that

has demonstrated the efficacy of this measure in achieving and

maintaining long-term remission of diabetes.

The effectiveness of this treatment rests not only in promoting

significant long-term weight loss.

These intervention determine a dramatically improvement in

glycemic control with a reduction in hypoglycemic medication and

insulin requirements, leading to remission of diabetes in up to 60-

80% of cases in the short term (11, 12).

The most interesting aspect is that remission of diabetes usually

occurs very early after surgery (2-3 days to 2-3 weeks) when weight

loss has not yet occurred. Several pathophysiological mechanisms

have been proposed to explain this improvement. Initially, it has

been hypothesised that anatomical changes and the consequent

hormonal changes brought about by surgery may play a role. In

particular, changes associated with bile acid metabolism, microbiota

and the decrease in plasma branched-chain amino acids have been

studied (13–16). However, more recent studies have compared the

metabolic benefits of dietary intervention alone versus surgery

without finding significant differences (17, 18). These studies

appear to demonstrate how reduced caloric intake and

subsequent weight loss act independently in determining an

improvement in glycaemic homeostasis, as measured by different

parameters (area under the glycaemic curve, hepatic and muscular

insulin sensitivity).

The probability of maintaining long-term remission depends on

several factors such as the type of surgery performed, the patient’s

ability to make lifestyle changes, the presence of comorbidities and

the ß-cell pancreatic reserve.

For instance, the diabetes remission rate is more than twice as

high with Roux-en-Y gastric bypass (RYGB) than with

laparoscopic adjustable gastric banding, even when adjusted for

weight loss (19).

Beyond glycemic control, a recent meta-analysis has studied the

long-term effects of bariatric surgery versus conventional treatment

in the reduction of cardiovascular events. The results of this study,

which included 4 RCT and 6 cohort studies, have shown a

significant decrease in macrovascular complications (RR = 0.43,

95%CI = 0.27-0.70), myocardial infarction (RR = 0.40, 95%CI =

0.26-0.61) and cardiovascular events (HR = 0.52, 95%CI = 0.39-

0.71) in patients undergoing bariatric surgery versus conservative

treatment (20). Moreover, surgery has shown a beneficial effect on

the control of hypertension, dyslipidemia and obstructive sleep

apnea (21).
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Bariatric surgery represents an effective intervention to achieve

diabetes remission. Despite its long application, a more extensive

understanding of the mechanisms that mediate the improvement of

metabolic homeostasis remains to be defined. As a final remark on

bariatric surgery, it should be noted that this intervention is aimed

at a population with very high cardiovascular risk and with the

typical comorbidities of obese patients.
4 Lifestyle intervention and remission
in type 2 diabetes

Lifestyle modification, including caloric restriction in patients

with overweight or obesity and promotion of physical exercise, is

the cornerstone of the diabetes therapy. The possibility of reversing

alterations in glycemic metabolism through a specific dietary

regimen was first assessed in 1976 (22). Since then, numerous

studies have attempted to define the type of dietary regimen, its

efficacy in glycemic control and its long-term sustainability.

Among those, a retrospective analysis of Look AHEAD study

published in 2012, where 5145 patients were randomized to receive

intensive lifestyle modification with a low-calorie diet and physical

exercise versus conventional diabetes management (23, 24). The

intervention group received a low-calorie diet (1200-1800 Kcal/d)

and physical exercise (175 minutes per week of moderate to intense

activity). The intervention group had a higher rate of diabetes

remissions with prevalence of 11.5% (95% CI, 10.1-12.8%) during

the first year, and 7.3% (95% CI, 6.2-8.4%) at the fourth year,

compared to 2.0% in the conventional treatment group.

Furthermore, in the intervention group there was an

improvement in glycemic control (HbA1c) and in most

cardiovascular risk factors, such as blood pressure, HDL-

cholesterol and triglycerides, but not in LDL-cholesterol, which

did not change between the groups.

However, the study suffered an early interruption (9.5 years)

because the primary outcomes, which were focused on the

reduction of cardiovascular events (acute myocardial infarction,

stroke or hospitalization due to angina pectoris) were not achieved.

It should be noted that, compared to the studies performed in

the context of bariatric surgery, the population included in this

study had very different clinical characteristics. In this study,

healthier-than-expected individuals were included, making it

more difficult to achieve a benefit in terms of prevention.

Since then, several studies have been conducted assessing the

efficacy of different dietary regimens and lifestyle modification

strategies on glycemic control. An original study published in

2011 demonstrated the efficacy of caloric intake restriction in

determining an improvement in insulin resistance and beta cell

functionality. In this study, 11 diabetic patients were subjected to a

low-calorie diet (600 kcal/day) for 8 weeks. In addition to the

normalisation of plasma glucose levels, a significant decrease in

hepatic basal glucose production, an increase in hepatic and

peripheral insulin sensitivity and a decrease in hepatic and

pancreatic fat content were observed (3). Despite the small
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sample size, this study was very important in beginning to

elucidate the pathophysiological mechanisms underlying the

remission of diabetes achieved with a dietary regimen.

Today we know that the very-low-calorie diet (VLCD), a diet that

contains 800 kcal per day, achieves themost significant weight loss effect

in diabetic patients (25).In this way, a study called the DiRECT clinical

trial was conducted with a sample of 306 patients. The intervention

consisted of withdrawal of hypoglycemic and antihypertensive drugs,

total diet replacement (825–853 kcal per day formula diet for 12–20

weeks), stepped food reintroduction (2–8 weeks), and then structured

support for weight-loss maintenance. The control group received an

optimized standard treatment. After 24 months of follow-up in the

control group, remission of diabetes was observed in 36% and this

percentage increased to 86% in patients in whom a weight loss of 15 kg

or more was achieved (26). In this study, it was shown that the greater

the weight loss the higher remission in diabetes rate.

However, in contrast to the better results in terms of remission

compared to those obtained in the Look-AHEAD study, no

comparative statistical analysis of cardiovascular outcomes was

performed, although a higher number of adverse events were

recorded in the control group compared to the intervention group.

In the DIADEM-I study, a similar intervention was performed,

subjecting a population of patients with recently diagnosed type 2

diabetes (diabetes duration lower than 3 years) to a low-calorie diet

for 12 weeks and a 12-month follow-up (27). The results were

compared with a control group that received standard care. At 12

months, 61% of patients in the intervention group had achieved

diabetes remission compared to 12% of patients in the control

group. In addition, the intervention group showed an improvement

in some cardiovascular risk factors such as a decrease in blood

pressure and an improvement in the lipid profile. These studies

show how a nutritional intervention can be an effective strategy to

achieve remission of diabetes, but at the same time a significant and

sustained weight loss is necessary. Given that weight loss and

maintenance are key to maintaining remission of T2DM and

considering that the majority of studies based on life style

modification show that weight recovery is the rule in the long-run

(ref), a certain risk of diabetes relapse exists in these cases (9).

Finally, as with drugs, all interventions on the management of

diabetes should necessarily include the repercussions in terms of

cardiovascular events among the primary outcomes.
5 Hypoglycemic drugs and remission
of type 2 diabetes

The possibility of achieving remission of type 2 diabetes through

hypoglycemic medication represents the most controversial aspect of

this definition. Indeed, the very concept of remission envisages the

withdrawal of all types of antidiabetic treatment.

In recent years, we have witnessed great advances in

hypoglycemic medication with the diffusion of drugs whose effect

has demonstrated a wide range of beneficial effects beyond simple

metabolic control and at the same time with an optimal safety
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profile. Withdrawal of this medication could mean losing the

opportunity to prevent the classic complications of type 2

diabetes and the reduction of cardiovascular risk.

The first studies that have investigated the possibility of achieving

remission of diabetes with medical treatment have been carried out

with therapeutic regimens based on insulin treatment. These studies

have been conducted in patients with newly diagnosed diabetes who

have undergone intensive insulin treatment with continuous

subcutaneous insulin infusion (CSII) for 2-3 weeks) (28–30). After

treatment, patients have been followed up not only for short-term

glycemic control but also for ß-cell recovery through the homeostasis

assessment model (HOMA-B) and other parameters such as

measurement of C-peptide, area under the curve (AUC) of insulin

and C-peptide or acute insulin response (AIR).

Beyond the quantitative aspects, which are difficult to assess

both because of the small sample size and the type of analysis

performed, these studies demonstrated how short-term intensive

insulin therapy can lead to improved beta-cell function through the

reversion of glucotoxicity and a decrease in insulin resistance

resulting in improved glycaemic control.

More recently, studies have been carried out with combined

therapeutic schemes including insulin and oral hypoglycemic

agents. The two most important studies published on this subject

are the REMIT-sita and REMIT-dapa studies (31, 32). The objective

of both studies was to demonstrate a greater efficacy in achieving

diabetes remission and long-term maintenance of an intensive

treatment regimen and hygienic-dietary measures compared to

traditional management in patients with recent onset type 2

diabetes. In the REMIT-sita study, the intervention arm received

combined treatment with sitagliptin, metformin and glargine. On

the other hand, in the REMIT-dapa study the treatment was

composed of dapaglifozin, metformin and glargine.

Both studies were performed in a population whose

characteristics were based on evidence extrapolated from studies

performed exclusively with dietary measures, with patients with a

short duration of diabetes, baseline HbA1c levels <7.5% and in the

absence of comorbidities or diabetic complications. This type of

population is the one in which a higher success rate in achieving

diabetes remission has been demonstrated. In both studies there

was no statistically significant difference between the intervention

and control groups.

The GLP1-RA and most recently tirzepatide, a dual agonist of

GLP1 and GIP, have shown a very important effect on weight

reduction (in order of 10-15%) and therefore may consider

potentially agents with a great capacity for diabetes remission in a

less aggressive way than surgery, early intensive insulin therapy and

VLCD (33, 34). Tirzepatide resulted in a remission rate of diabetes

of 66% to 81%, depending on the drug dose over 52 weeks (35). In

addition, as demonstrated in the effects of bariatric surgery, the

possibility of acting on hormone secretion at intestinal level is of

fundamental importance to improve glycemic control. Finally, it is

worth mentioning the good safety profile of these drugs, with a low

risk of hypoglycemia, with the most frequent adverse effect being

the appearance of gastrointestinal minor events (36). However,

long-term studies are necessary to define the efficacy of these new

drugs for diabetes remission. Furthermore, considering its high
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those patients who may achieve higher benefits.
6 Conclusions

In the coming years we will witness a significant increase in the

prevalence of diabetes in the world population. This increase could

be accompanied by a true epidemic of cardiometabolic pathologies

with important public health consequences, as well as a significant

increase in health care costs.

It is of fundamental importance to implement common

strategies at the international level focused not only on the

prevention of diabetes but also on the comorbidities and

complications most frequently associated with it.

Bariatric surgery represents the most effective measure to

achieve and maintain long-term remission of diabetes. In

addition, it has demonstrated an effect in the prevention of

cardiovascular disease and in general in the control of

cardiovascular risk factors. However, it is a measure that has very

specific clinical indications considering the associated risks and

high costs. Indeed, the surgery is an invasive procedure that can

cause serious acute complications, including death (37). For these

reasons, it can be applied to a small portion of the diabetic

population and is not a measure applicable on a large scale.

The evidence associated with diet and lifestyle interventions

demonstrates the efficacy of these measures in achieving diabetes

remission status. However, it raises questions about the possibility

of large-scale implementation and the long-term duration of their

beneficial effects. Furthermore, regarding the efficacy of these

measures in terms of cardiovascular risk prevention, it is expected

that the beneficial effects on cardiovascular risk factors will lead to a

reduction in events and associated mortality. A retrospective

analysis of patients included in the DiRECT study has shown a

decrease in risk score after the intervention, but no direct evidence

of a decrease in mortality and cardiovascular events is available (38).

The studies carried out to date on the possibility of achieving

remission of diabetes through a specific therapeutic scheme have

not been conclusive. The main limitation of this strategy is the high

risk of patient relapse, especially if it is not accompanied by lifestyle

changes, close patient follow-up and, more generally, adequate

control of other cardiovascular risk factors.

However, the evidence from metabolic surgery and VLCD have

identified several factors associated with diabetes remission.

Patients with scarce ß-cell function, long-duration of T2D and

severe diseases (elevated HbA1c or use of multiple antidiabetic

drugs and, particularly, insulin therapy) have lower chance of

remission. Timing of intervention is another crucial point to

achieve diabetes remission, and early intervention in newly

diagnosed T2D can obtain the best results (39).

Taking into account this data, it is possible to identify the patient

profile that could benefit from a therapeutic scheme aimed at diabetes

remission. The patient should meet the following criteria:
• recent diagnosis of diabetes

• presence of an adequate pancreatic reserve
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• low previous need for hypoglycemic treatment

• low baseline glycated hemoglobin levels
However, the opportunity of suspending these treatments

should be evaluated. The pleiotropic properties of the new

hypoglycemic drugs and their significance in the comorbidities of

diabetes and in the prevention of cardiovascular risk question the

appropriateness of withdrawing this medication (40, 41).

Weight loss and maintenance are key to maintain diabetes

remission and prevent relapse (26).

The possibility of discontinuing antidiabetic medication should

be carefully assessed taking into account the patient’s clinical

situation, ruling out all patients with renal or cardiac

comorbidities or at high cardiovascular risk.

Finally, the importance of a shared decision-making process

with the patient should be emphasized. The need for patient

commitment to weight control and the high risk of recurrence are

fundamental issues to be discussed with the patient In this regard,

the Canadian Diabetes Society has proposed a checklist as a

standardized information model to encourage full and effective

communication by medical staff and, consequently, informed

decision making by the patient (42).
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