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Abstract
BACKGROUND 
The alarming rise in the worldwide prevalence of obesity is paralleled by an 
increasing burden of type 2 diabetes mellitus (T2DM). Metabolic surgery is the 
most effective means of obtaining substantial and durable weight loss in 
individual obese patients with T2DM. There are randomized trials that justify the 
inclusion of metabolic surgery into the treatment algorithm for patients with 
T2DM, but remission rates of T2DM after metabolic surgery can display great 
variability.

AIM 
To discuss the most commonly used surgical options including vertical sleeve 
gastrectomy, adjustable gastric banding, Roux-en-Y gastric bypass, and biliopan-
creatic diversion with duodenal switch.

METHODS 
We also report from observational and randomized controlled studies on rate of 
remission of T2DM after the surgical procedures.

RESULTS 
In light of the recent findings, metabolic surgery is a safe and effective treatment 
option for obese patient with T2DM, but further studies are needed to clarify 
better the rate of diabetes remission.

CONCLUSION 
In light of the recent findings, metabolic surgery is a safe and effective treatment 
option for obese patients with T2DM, but further studies are needed to clarify 
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Core Tip: There are randomized trials that justify the inclusion of metabolic surgery 
into the treatment algorithm for patients with type 2 diabetes mellitus (T2DM), but 
remission rates of T2DM after metabolic surgery can display great variability. Here, 
we discuss the most commonly used surgical options, including vertical sleeve 
gastrectomy, adjustable gastric banding, Roux-en-Y gastric bypass, and biliopancreatic 
diversion with duodenal switch, and clarify the unknown issues of metabolic surgery 
and remission criteria of T2DM.

Citation: Akkus G, Tetiker T. Which predictors could effect on remission of type 2 diabetes 
mellitus after the metabolic surgery: A general perspective of current studies? World J Diabetes 
2021; 12(8): 1312-1324
URL: https://www.wjgnet.com/1948-9358/full/v12/i8/1312.htm
DOI: https://dx.doi.org/10.4239/wjd.v12.i8.1312

INTRODUCTION
The prevalence of type 2 diabetes mellitus (T2DM) throughout the world has been 
increasing at alarming rates. It has been reported to affect more than 400 million 
people, with an estimation of 650 million cases by 2040. In addition, obesity is a main 
critical risk factor for the development of T2DM. Both obesity and T2DM are 
associated with insulin resistance[1,2]. Regarding physiological status, pancreatic islet 
â-cells increase insulin release to overcome reduced efficiency of insulin action, thus 
normal glucose levels are maintained[3]. Since obesity and insulin resistance are 
associated with T2DM, islet â-cells are unable to compensate fully for decreased 
insulin sensitivity[4]. Diabetes and insulin resistance have a close relationship; this 
close relationship is called new paradigm “diabesity”, meaning that a majority of 
individuals with diabetes are overweight or obese. Although intensive lifestyle 
modification, with diet-induced weight loss, exercise, and intensive medical therapy, 
can play a major role to achieve blood glucose regulation, a majority of obese patients 
with T2DM could not achieve glycemic control. In addition, intensification of medical 
therapy can cause hypoglycemia or weight gain.

Metabolic surgery has become as an alternative treatment option for appropriate 
candidates with inadequate control of T2DM and a body mass index (BMI) > 30 kg/m2

[5]. Inclusion of surgery among standard diabetes therapies represents a significant 
improvement of glycemic control[6]. The exact psychopathological mechanism of 
metabolic surgery is still not clearly understood, but it has played a prominent role for 
the gut in glucose homeostasis[7]. Therefore, surgical weight loss provides T2DM 
remission with rates from 24% to 95% for nearly 2 years, depending on the types of 
surgical treatment[8]. While numerous randomized-controlled trials have declared the 
efficacy of metabolic surgery in treating T2DM compared to medical management and 
lifestyle changes, metabolic surgery is still not a widely accepted method due to 
surgical complications or risk of regaining weight[9,10].

MATERIALS AND METHODS
Herein we review evidence regarding the effects of metabolic surgery in patients with 
T2DM. In addition, the concept of what defines a cure or remission of T2DM will be 
critically discussed in this review.

https://www.wjgnet.com/1948-9358/full/v12/i8/1312.htm
https://dx.doi.org/10.4239/wjd.v12.i8.1312
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RESULTS
Diabetogenic affects and dysregulation fatty acid metabolism and progress to 
diabetes mellitus
As we know, adipose tissue modulates to produce non-esterified fatty acids (NEFAs) 
and many cytokines such as leptin, adiponectin, and retinol-binding protein-4[11]. In 
particular, retinol-binding protein-4 causes an increase in insulin resistance by 
reducing phosphatidylinositol-3-OH-kinase signaling pathway in muscles; therefore, it 
aggregates the expression of gluconeogenic enzyme phosphoenolpyruvate 
carboxykinase in the liver through retinol depending mechanism[12]. On the other 
hand, adiponectin plays the role of an insulin sensitizer by stimulating fatty acid 
oxidation[13]. In addition, adipose tissue releases other proinflammatory cytokines 
including tumor necrosis factor alpha, interleukin 6, and monocyte chemoattractant 
protein-1; so these substrates trigger the occurrence of insulin resistance[14-16]. NEFAs 
are responsible for insulin resistance in obese patients. Elevated levels of NEFAs in 
T2DM causes severe muscle and liver insulin resistance and inhibits insulin secretion
[17]. These are responsible for impairment in glucose oxidation/glycogen synthesis 
and decrease glucose transport/phosphorylation. Intramyocellular toxic NEFA 
metabolites (LCFA-CoA, diacylglycerol, ceramide) can lead to the activation of protein 
kinase C, and the insulin signaling cascade is damaged in the early steps in this 
pathway[17]. Since insulin sensitivity modulates â-cell function, over time, â-cell 
function is impaired. As a result of â-cell dysfunction and inadequate insulin secretion, 
an increase in postprandial and fasting glucose levels takes place. Additionally, 
hepatic glucose production is suppressed, and liver and muscle glucose uptake 
becomes inadequate. Increased plasma glucose levels are commonly related with 
glucotoxic effect on the â-cells and harmful effects on insulin sensitivity, and it might 
contribute to the progression of the disease[15,18].

Indications for metabolic surgery and surgical techniques
Metabolic surgery is accepted as a potential treatment for both morbid obesity and 
overweight type 2 diabetic patients without glycemic control. In 2016, the second 
diabetes surgery summit declared recommendations, which were supported by 45 
pioneer medical and scientific societies worldwide, to consider bariatric surgery as a 
treatment for type 2 DM[19]. Metabolic surgery is currently approved with the 
following recommendations: (1) Adults with class III obesity (BMI ≥ 40) regardless of 
glycemic control or complexity of glucose lowering regimens; (2) Patients with class II 
obesity (BMI: 35.0-39.9) with inadequately controlled hyperglycemia despite the 
optimal medical therapy; and (3) Diabetic patients with class I obesity (BMI: 30.0-34.9) 
and inadequately controlled hyperglycemia despite optimal medical treatment by oral 
or injectable medications (including insulin).

The history of metabolic surgery can often be subdivided by categorizing 
procedures by their presumed mechanisms of action in promoting weight loss[20]. 
This includes nutrient malabsorption, gastric restriction, hormonal manipulation, or 
any combination of these mechanisms. Currently, the most frequently performed 
surgical modalities are the vertical sleeve gastrectomy (VSG), adjustable gastric 
banding (AGB), Roux-en-Y gastric bypass (RYGB), and biliopancreatic diversion with 
duodenal switch (BPD-DS).

DISCUSSION
VSG consists of two parts involving the resection of the major proportion of the 
fundus and the corpus of the stomach, leaving tube-shaped gastric residue[21]. It was 
originally performed as the first part of the approach for biliopancreatic diversion of 
high risk individuals[22]. VSG is a technically easier operation to perform and post-
operative results are comparable to RYGB with fewer complications. Although VSG 
has been primarily developed as a restrictive method, it has become a hormonal 
component to the weight loss effect due to decreasing levels of ghrelin[23].

VSG can have a very prominent effect on weight loss, and resolution of obesity 
related comorbidities can be solved in the short term. Initially, it reduces the number 
of calories through volume restriction, resulting in decreased overall caloric intake and 
weight loss[24]. The rate of major complications after VSG is between 0% and 6%. 
Early complications are generally leaking, bleeding, symptomatic stenosis, deep vein 
thrombosis/pulmonary embolism, especially portomesenteric venous thrombosis, and 
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dehydration. Late complications such as stricture, weight regain, and malnutrition can 
be seen[25]. Along with the decreasing size of gastric residue, performing VSG also 
increases the intraluminal pressure of the stomach and can lead to gastro-esophageal 
reflux diseases (GERD). While some studies have shown GERD improvement after 
VSG, some indicated progressive or de novo post-operative reflux in patients. 
Therefore, the use of sleeve gastrectomy in GERD patients remains controversial[26,
27]. However, in view of the outcomes of VSG, this procedure is greatly encouraged 
for obese diabetic individuals.

Adjustable gastric banding is an almost restrictive method, whereas the other 
procedures can lead to profound modifications in the digestive processes, secretion of 
gastrointestinal (GI) peptides, and nutrient sensing[28]. It appears to be an advant-
ageous surgical technique as it does not involve any anastomosis or resection; it is 
reversible, there are very few life-threatening complications, and it is a minimally 
invasive intervention[29]. Restrictive operations were developed to promote weight 
loss by having the patient experience early satiety during food intake by partitioning 
the stomach and creating a smaller capacity chamber to store the consumed food bolus
[26,30]. Placement of an adjustable silicon band around the upper part of the stomach 
is a major part of this method. The size of the band and thus the degree of restriction 
can be adjusted by adding or removing saline solution through a subcutaneously 
inserted port[31]. AGB has the lowest perioperative risk compared to RYGB, VSG, and 
BPD-DS. Most common complications of this method can be listed as pouch dilatation 
and port malfunction, persistent GERD, port infection, and stomal obstruction[32].

RYGB includes creating a small-volume gastric pouch that is anastomosed to the 
distal part of jejunum. The limb carrying biliopancreatic secretion is anastomosed 
typically 150 cm distal to gastro-jejunostomy[33,34]. RYGB is considered a technically 
more challenging operation, but it induces weight loss through a combination of 
restrictive and malabsorptive mechanisms. In addition, RYGB operation bypasses 
nearly 95% of stomach upper GI tract[35]. The rest of the stomach and the proximal 
intestine remain in the body and maintain nutrient flow, but the distal portion of the 
duodenum is reattached further down within the jejunum to allow bile acids and 
digestive enzymes to reach nutrients[36]. Except for the restrictive mechanism, the 
other basic physiological change is that the large postprandial increases significant 
gut-secreted peptides. Many of these peptides play a regulating role in appetite, 
energy expenditure, and glucose and lipid metabolism[37]. During this procedure, a 
large mesenteric defect can be created which can result in internal herniation of the 
small bowel or colon in the post-operative phase of care[30,38]. Intraluminal post-
operative bleeding, extraluminal post-operative bleeding, anastomotic leak, dumping 
syndrome, and development of marginal ulcer at the anastomosis area are the major 
complications of RYGB[39,40].

BPD-DS is also a mixed restrictive/malabsorptive procedure that was originally 
introduced in 1979 by Scopinaro et al[41]. It encompasses partial horizontal 
gastrectomy and anastomosis of the gastric remnant in the distal 250 cm of the small 
intestine (alimentary limb), while the diverted proximal intestine carries biliopan-
creatic secretions[42]. The posterior part of the intestine is anastomosed to the 
alimentary limb at a varying distance from the ileocecal valve; thus it determines the 
degree of malabsorption[43]. BPD-DS is almost exclusively performed laparoscopically 
with a low conversion rate of open surgery. Although BPD-DS can promote very high 
success rates regarding weight loss and metabolic improvement among all bariatric 
modalities, its technical difficulties and increased rates of post-operative complications 
restrict its application on all obese or type 2 diabetic patients[44]. It can be used for 
patients with massive obesity (BMI > 50 kg/m2).

Effect of metabolic surgery on glucose disposal and insulin secretion 
Peripheral insulin sensitivity, hepatic insulin sensitivity, and the disposition index 
improve during dynamic weight loss or after weight stabilization. Fasting plasma 
glucose levels and oral glucose tolerance are also improved a few days to a few weeks 
after metabolic surgery in relation to the weight loss independent effect of glucose 
homeostasis[45]. Metabolic parameters in humans demonstrate that hepatic glucose 
output is dramatically reduced quickly after bariatric surgery, but peripheral (muscle) 
insulin sensitivity measured by euglycemic-hyperinsulinemic clamp can be 
normalized only after significant weight loss[46]. Related to the variability 
accompanying type of surgery, insulin sensitivity is rapidly normalized in BPD-DS 
compared to other procedures, and it is attributed to lipid malabsorption. RYGB exerts 
its main effect via decreasing hepatic glucose production and increasing insulin 
secretion, while BPD-DS acts essentially by normalizing insulin sensitivity[47]. RYGB 
significantly increases glucose uptake and utilization related with increased gut 
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metabolism[48]. Absence of hypertrophic jejunal mucosa and reduced glucose 
absorption have been shown after VSG as a different phenotype[49]. Intestinal glucose 
metabolism is a major contributor to weight-loss independent resolution of T2DM. The 
incretin effect is triggered by the secretion of gut hormones including glucose-
dependent insulinotropic peptide and cholecystokinin, glucagon-like peptide (GLP)-1, 
GLP-2, oxyntomodulin, and also peptide YY[50]. Gut hormones can cause an 
innervation of afferent neurons in the GI tract to signal to the caudal brainstem or 
enteric neurons, and the other process of these hormones enter the circulation to act on 
peripheral glucose and lipid metabolism[48,51]. After bariatric surgery, some of gut 
peptides including GLP-1 are secreted largely as a result of rapid nutrient delivery 
further down in the GI tract, where the majority of L-cells are located[52]. Therefore, 
intestinal physiology can be adapted to rapid nutrient entry by increasing the number 
of enteroendocrine cells or increasing nutrient sensitivity of the existing enteroen-
docrine cell population[53]. Related with increased levels of GLP-1, insulin levels are 
exaggerated and peripheral glucose absorption is increased as well.

Another reported mechanism is plasma bile acid elevation after RYGB and VSG 
operations. As we know, bile acids can also act on rapid nutrient delivery further 
down the GI tract[54]. In addition, acute drastic caloric restriction in the post-operative 
period can also contribute to these mechanisms. The magnitude of weight loss is the 
cornerstone of T2DM remission after metabolic surgery[55], but weight-loss-
independent mechanisms are more related with the improvement of beta cell function 
and decreased hepatic glucose production[56]. Modification of gut hormone secretion 
is certainly important in the long term maintenance of glucose regulation. Mechanisms 
of T2DM remission are demonstrated in detail in Figures 1 and 2.

Defining the term of remission in T2DM after metabolic surgery
It is widely believed that T2DM is a chronic progressive disease that at best can be 
controlled but never cured and that once treatment with glucose lowering medication 
is initiated, it needs to be increased over time. However, growing evidence from 
studies have indicated the remission of T2DM in patients with performed metabolic 
surgery[57,58]. Current definition of remission criteria is based on an American 
Diabetes Association multidisciplinary expert panel consensus in June 2009[59]. This 
panel declared a definition based on three criteria: Glycemic index below normal 
reference range, absence of treatment, and sustainability over time. In particular, there 
is no need for a drug treatment. A remission can be characterized as partial or 
complete; it is partial when glycemic indices fall into the pre-diabetic range for at least 
1 year [hemoglobin A1c (HbA1c) 5.7%-6.4%, fasting plasma glucose (FPG) 100-125 
mg/dL], whereas complete remission indicates the return to “normal” measures of 
glucose metabolism (HbA1c < 5.7%, FPG < 100 mg/dL). Prolonged remission is 
complete remission that lasts far more than 5 years.

This panel also recommended regular screening for the microvascular complications 
of the disease including nephropathy and retinopathy. Nevertheless, there is no 
consensus for how long monitoring is required for these patients.

Among the studies reporting T2DM remission rates after medical or surgical 
therapy, there is a considerable bias regarding the criteria used to define remission. 
Two important published studies highlighted the improvement of fasting plasma 
glucose and HbA1c during the long term follow-up. In 1995, Pories et al[60] published 
a paper titled ‘’Who would have thought it?” An operation proves to be the most 
effective therapy for adult onset diabetes mellitus. They documented that blood 
glucose levels normalized and the need for insulin therapy markedly diminished 
within 24 h of an RYGB. In addition, Scopinaro et al[61] reported BPD-DS accounted 
for glycemic control, and permanent serum cholesterol normalization was seen in 
100% of operated patients. İn several initiated confirmatory clinical case series and trial 
studies it was reported that remission of T2DM took place in patients treated 
surgically[62,63]. PubMed research indicates that from 2004 to the present time, 70 
clinical trials and randomized controlled trials have been referenced under bariatric 
surgery and remission of T2DM patients.

Mingrone et al[64] declared that complete remission of diabetes at 2 years was 
achieved in 75% of RYGB and 95% of BPD-DS patients. In another prominent 
randomized controlled study by Courcoulas et al[65] it was reported that partial and 
complete remission rates of T2DM were 50% and 17%, respectively, in the RYGB 
group, 27% and 23%, respectively, in the AGB group.

One of most quoted studies titled ”Calorie Reduction or Surgery: Seeking to Reduce 
Obesity and Diabetes Study randomized controlled study’’ compared the patients with 
RYGB vs intensive life style medical intervention[66]. Diabetes remission at 1 year was 
60% with RYGB and 5.9% with medical intervention. The HbA1c decline was modestly 
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Figure 1 Schematic representation of weight-loss independent mechanisms after metabolic surgery. AGB: Adjustable gastric banding; BPD: 
Biliopancreatic diversion; RYGB: Roux-en-Y gastric bypass; VSG: Vertical sleeve gastrectomy.

Figure 2 Schematic representation of weight-loss dependent mechanisms after metabolic surgery. AGB: Adjustable gastric banding; BPD: 
Biliopancreatic diversion; RYGB: Roux-en-Y gastric bypass; VSG: Vertical sleeve gastrectomy.

more after RYGB (from 7.7 ± 1.0% to 6.4 ± 1.6%) compared to the medical intervention 
group (from 7.3 ± 0.9% to 6.9 ± 1.3%). The superiority of bariatric surgery to achieve 
diabetes remission compared to conservative management has been demonstrated in 
subjects within overweight range. Wentworth et al[67] evaluated the metabolic effects 
of AGB when added to multidisciplinary diabetes care in overweight individuals with 
T2DM. At two years, remission rates were 52% in the surgically treated group, 
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whereas it was 8% in the control group receiving conservative treatment only.
The other cohort study that included patients with T2DM and BMI > 35 kg/m2 who 

received bariatric surgery (n = 8546) declared that complete remission of T2DM was in 
58.2% (n = 2090) at 2 years and 46.6% at 5 years (n = 681)[68]. The study also indicated 
that remission of T2DM after bariatric surgery was inversely associated with the 
duration of diabetes and was highest among patients with recent onset and those not 
receiving insulin treatment. Although there is an agreement that remission rates have 
been closely related with types of surgery, patients’ characteristics such as age, 
diabetes duration, pre-operative glycemic control, and absence of insulin treatment 
were identified as predictive factors.

Another landmark randomized and controlled study titled ‘’Surgical Treatment and 
Medications Potentially Eradicate Diabetes Efficiently’’ reported that poorly controlled 
diabetic patients who were treated surgically (VSG, RYGB) significantly achieved 
more complete remission compared to patients in the medically treated group. The 
primary end point at 12 mo was HbA1c level of 6% or less. Across RYGB, VSG, and 
control groups, the primary end point occurred in 42%, 37%, and 12%, respectively, at 
the end of the first year. In addition, shorter diabetes duration was indicated as a 
better predictive factor for the remission of T2DM[69]. We know that higher pre-
operative HbA1c does not necessarily correlate to reduced beta cell function, but it 
shows poorer glycemic control and greater severity of disease, factors known to reduce 
the remission of diabetes. Pre-operative insulin treatment shows reduced beta cell 
reserve that may not fully respond to the increase in incretin secretion after bariatric 
surgery. Purnell et al[70] investigated post-bariatric diabetes remission in 1868 obese 
participants. After 3 years, 68.7% of RYGB and 30.2 % LAGB participants were in 
diabetes remission. Baseline factors were related with diabetes remission including 
greater fasting C-peptide, lower HbA1c, and without need for insulin treatment. As 
mentioned above, improvement in glycemic indices was observed as early as within a 
few days post-operatively before any clinically significant weight loss was achieved, 
suggesting the presence of weight loss independent mechanisms of amelioration 
following bariatric surgery. Two nationwide meta-analyses showed that bariatric 
surgery was associated with greater short term (< 2 years) weight loss and better 
glucose outcomes related with metabolic surgery compared to medical treatment. Two 
recent meta-analyses that followed patients up to 5 years also indicated that T2DM 
patients receiving bariatric surgery had significantly higher remission rates ranging 
from 5.7% to 76.9%. Mingrone et al[64] presented 5 year follow-up data from their 
randomized controlled trial and partial remission rates at 2 years in patients treated 
with RYGB and BPD were 75% and 95%, respectively. In addition, partial remission 
rates at 5 years in patients treated with RYGB and BPD were 37% and 63%, 
respectively[48]. Chen et al[71] declared that after 10 years follow-up, RYGB compared 
with nonsurgical treatment resulted in significantly greater weight loss and reduction 
in HbA1c and use of antidiabetic medications in 173 obese patients with T2DM.

To date, a number of scoring systems have been developed with the purpose of 
better clarifying patient related factors associated with the probability of T2DM 
remission into prognostic models. Lee et al[72] proposed a diabetes surgical age, BMI, 
C-peptide level, and duration of diabetes (ABCD) score based on the results of a large 
prospective study. These prognostic factors were used to construct a simple scaling 
system ranging from 0 to 10. Patients with a higher score are more likely to achieve 
diabetes remission after surgery. This original scoring system went through some 
modifications to enhance predictive power with very low scores from the lower BMI 
population. The modified ABCD scoring system consisted of 510 patients from 
different hospitals across Asia and demonstrated very good predictability of diabetes 
remission from 5.9% to 93.3%. This simple scoring system provides helpful and novel 
information for identifying the best candidates for metabolic surgery, and it also 
indicates that the type of surgery has a significant influence on glycemic control.

Another scoring system called ‘’DiaRem’’ involves four clinical variables (use of 
insulin, age, HbA1c and type of antidiabetic agent), and these variables were sufficient 
to develop an algorithm that produces a T2DM remission. Using DiaRem, a complete 
and partial remission rate of 63% in 690 patients with performed RYGB was found. 
DiaRem score, however, was developed only for RYGB surgery, and it is limited in 
differentiating people with severe diseases. The DiaRem score is a practical clinical 
tool and has undergone external validation[73,74].

Aminian et al[75] recently published a novel scoring system to construct and 
validate remission of T2DM after metabolic surgery. Individualized Metabolic Surgery 
Score: Procedure Selection Based on Diabetes Severity (IMS) score based on large 
patient sample (n = 659) who underwent RYGB or VSG and included four 
independent predictors of type 2 diabetes remission. The IMS score variables include 
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Table 1 Remission rates and criteria of type 2 diabetes mellitus after metabolic surgery

Ref. Study population Study design Surgical 
intervention

Remission end 
point of T2DM 

Prediction factor of 
remission 

Pories et al[60], 1995 Morbidly obese, 
prediabetes, T2DM

Retrospective RYGB Normal levels of FPG 
and HbA1c

Shorter duration time of 
T2DM, younger age

Scopinaro et al[61], 2005 Obese, T2DM Retrospective BPD FPG < 125 mg/dL Types of surgical 
intervention

Mingrone et al[64], 2015 Patients with BMI > 35 
kg/m2, T2DM

Prospective RYGB, BPD FPG < 5.6 mmol/L 
HbA1c < 6%

Types of surgical 
intervention

Courcoulas et al[65], 2014 BMI 30-40 kg/m2 RCT AGB, RYGB FPG < 100 mg/dL 
HbA1c < 5.7%

-

Cummings et al[66], 2016 
(CROSSROADS)

BMI 30-45 kg/m2 RCT RYGB HbA1c < 6% Age, sex, baseline BMI, 
diabetes duration, insulin 
therapy

Wentworth et al[67], 2014 BMI 25-30 kg/m2 RCT AGB FPG < 7 mmol/L Baseline measures of 
glycemia

Jans et al[68], 2019 BMI > 35 kg/m2, 
T2DM

Retrospective VSG, RYGB Free from diabetes 
medication

Duration of diabetes, insulin 
treatment, age, baseline 
HbA1c

Schauer et al[69], 2012 
(STAMPEDE)

BMI > 30 kg/m2, 
T2DM

RCT VSG, RYGB HbA1c < 6% Age, sex, insulin treatment, 
baseline BMI, HbA1c

Purnell et al[70], 2016 BMI > 30 kg/m2 Prospective AGB, RYGB HbA1c < 6.5% FPG 6.9 
mmol/L

Baseline weight, insulin 
treatment

Chen et al[71], 2016 Obese type 2 diabetic 
patients 

Retrospective RYGB HbA1c < 6% FPG < 
100 mg/dL

Duration of diabetes, 
baseline HbA1c, insulin 
treatment

Lee et al[72], 2014 (ABCD 
score)

Morbid obese patients 
T2DM

RCT VSG HbA1c < 6% Age, BMI, c peptide, 
duration of diabetes

Aminian et al[73], 2014 
(DiaRem score)

Obese diabetic patients Retrospective RYGB HbA1c < 6% Off 
medication

Duration of diabetes

Aminian et al[75], 2017 (IMS 
score)

Obese patients T2DM RCT RYGB, VSG HbA1c < 6.5% Duration of diabetes, insulin 
treatment, glycemic control

AGB: Adjustable gastric banding; BMI: Body mass index; BPD: Biliopancreatic diversion; CROSSROADS: Alorie reduction or surgery: Seeking to reduce 
obesity and diabetes study; FPG: Fasting plasma glucose; RCT: Randomized controlled trial; RYGB: Roux-en-Y gastric bypass; T2DM: Type 2 diabetes 
mellitus;  VSG: Vertical sleeve gastrectomy.

the number of diabetes medications, insulin use, duration of diabetes, and HbA1c 
levels. This score classified diabetes severity as mild, moderate, and severe. Patients 
with milder severity have been predicted to have a higher probability of T2DM 
remission after metabolic surgery.

An ideal prediction model for diabetes remission after metabolic surgery will guide 
clinicians and patients to make the optimal decision for diabetes treatment by 
balancing surgical risks against potential benefits. It should be able to select suitable 
candidates for metabolic surgery among those with diabetes and should be 
consistently reproducible in patients with baseline characteristics. Three mentioned 
scoring systems (ABCD, DiaRem, IMS) are models that are used to describe remission 
of diabetes and are efficient systems to identify patients during pre- and post-
operative periods. But, we know that there was a considerable geographic difference 
of three cohorts (e.g., DiaRem and IMS include patients form United States, ABCD 
include from Asian population), and the baseline of BMI was shown to have 
variability. These prediction scoring systems should be validated according to various 
ethnicities to ensure universal applicability. The heterogeneity of results in all 
mentioned trials can be related with the description of T2DM remission. In general, the 
remission end points of most studies include the restoration of glycemia non-diabetic 
levels in the absence of active pharmacotherapy, but even this is not universally the 
case, as in the Surgical Treatment and Medications Potentially Eradicate Diabetes 
Efficiently trial. The cut-off values for FPG and HbA1c used in different studies also 
vary considerably. In addition, different durations of follow-up or differences in study 
populations may also affect the reported rates of T2DM remission in different studies. 
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The peak weight loss effects of bariatric surgery are typically observed at more than 12 
mo[76]. Therefore, types of surgical intervention, follow-up period, or study 
population for prediction of T2DM remission should be highlighted. Remission rates 
and criteria of T2DM after metabolic surgery in mentioned studies are shown in 
Table 1.

CONCLUSION
In summary, the available evidence suggests that metabolic surgery can led to 
significant improvement in glycemic control and a substantial decrease in the rate of 
chronic diabetic complications. However, the identification of pre-operative patient 
level characteristics that signify the highest probability of remission is more important 
than the most convenient type of surgery. An individual therapeutic scheme for 
metabolic surgery should aim to minimize the long-term complications and improve 
the quality of life of affected individuals.

ARTICLE HIGHLIGHTS
Research background
Metabolic surgery has achieved effective glycemic control in individuals with diabetes 
and obesity. However, long-term data are limited to show recurrence or remission of 
hyperglycemia years after the procedure. Moreover, there is limited data on the 
predictors of remission criteria on type 2 diabetes mellitus (T2DM) after metabolic 
surgery.

Research motivation
The medical management of T2DM is based on lifestyle modifications and specific 
glucose-lowering medications. The main purpose is targeted at maintaining glucose 
levels within an acceptable range, while the former purpose was to achieve weight loss 
through diet, increased physical activity, and behavioral therapy in order to modulate 
beneficially the underlying pathophysiology of T2DM. Although most individuals 
benefit from these conservative approaches in the short term, achieving a sustainable 
and clinically significant weight loss and its associated metabolic improvement is 
difficult. The significant effects of bariatric surgery regarding sustained weight loss 
and metabolic amelioration have gradually drawn attention and highlighted the 
potential of surgery to serve as a therapeutic modality for T2DM.

Research objectives
In this review, the research objective was to summarize type 2 diabetic patients treated 
with metabolic surgery. Moreover, all randomized controlled trials studying metabolic 
surgery were included in the research objectives.

Research methods
All randomized controlled trials, case control trials, or multicenter studies were 
included in this review. These research studies were evaluated in detail in terms of 
patients’ demographic characteristics, types of surgical methods, duration times of 
diabetes, and the period after metabolic surgery.

Research results
The potential benefits of a wide-scale integration of bariatric surgery in standard 
diabetes care is hindered by the poor penetration that surgical therapeutic options 
share in T2DM management. However, there is still a lack of data derived from 
populations of individuals with T2DM. The identification of pre-operative patient-
level characteristics may show the highest probability of being refractory or leading to 
a remission condition after metabolic surgery.

Research conclusions
The number of metabolic surgeries used to treat obesity and T2DM will only increase 
in the coming years. More studies are needed to test the efficacy and safety of these 
surgical methods for T2DM. Clinicians should be cognizant of the long term effects on 
T2DM after metabolic surgery.
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Research perspectives
Understanding pathophysiology of durable remission and late relapse could aid 
patients and the procedure selection process. Further research is needed to study the 
potential effects bariatric surgery might have on the subsequent remission of diabetes 
mellitus.
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