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ABSTRACT 

	Obesity is a critical factor to enhance the risk of T2DM and other comorbidities. Diabesity a metabolic disorder due to obesity and insulin-resistance (IR), is a global health concern.T2DM a condition of chronic decreased insulin sensitivity or insulin resistance (IR) and loss of pancreatic β-cells resulting in poor insulin synthesis. Lipotoxicity delivers negative impact on β-cell function and adiposity cause inflammatory conditions contributing to impair insulin signaling and eventual IR. Metabolic surgery is bariatric surgery to modulate GI hormones to derive glucose homeostasis in T2DM subjects through anatomical alteration. Metabolic surgery exerts its physiological benefits for proper glucose homeostasis and is being exploited to address condition of obesity with T2DM globally. Post metabolic surgery mediated T2DM remission is weight independent indicating role of potential hormone-modulation. Elevated circulation of free fatty acids from adipose tissue in obese patients may lead to β-cells dysfunction. Oral hypoglycemic drugs and insulin treatment are of a limited advantage in diabesity as they tend to increase body weight. This challenge has driven medical fraternity to exploit the bariatric surgery as metabolic surgery in obese patients with T2DM. Metabolic surgeries are either restrictive or gastrointestinal diversion procedures. Adiponectin an adipokine secreted by adipocytes though not a direct gut hormone acts as insulin sensitizer. Gastro-intestinal tract (GIT) hormones like GLP-1, peptide YY, oxyntomodulin, obestatin, ghrelin, and cholecystokinin play crucial role in the energy homeostasis and glucose metabolism. Considering the role of altered hormone profile metabolic surgery has drawn attention in the management of T2DM in obese patients.
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1. INTRODUCTION 
Obesity and sedentary life styles have influenced T2DM scenario posing major challenge to public health and global economy (Singer et al., 2022).  Type 2 diabetes mellitus is reported in more than 537 million people around the world, projected to be around 783 million by 2045 (Anushree et al., 2025). Obesity is a critical risk factor for T2DM among all age groups. About 16% of adults aged 18 years and older worldwide were obese in 2022. An estimated 35 million children under the age of 5 years were overweight in 2022 (UNICEF,2025).Over 390 million children and adolescents aged 5–19 years were overweight in 2022. The worldwide prevalence of obesity more than doubled between 1990 and 2022 (WHO,2025). It is projected that around 1.9 billion adult population is to be obese by 2035 (Sirwan and Ribwar, 2025). T2DM is a condition of chronic decreased insulin sensitivity or insulin resistance (IR), combined with reduced insulin synthesis due to the loss of pancreatic β-cells. In majority of the cases both obesity and insulin-resistance are seen invariably as metabolic disorder called diabesity (Sims et al., 1973). Obesity is a condition of excess accumulation of fat leading to metabolic disorder (Lim et al., 2024). Fat accumulation due to excess caloric intake results in development of hepatic IR leading to hyperglycemia (Roncer-Ramos et al., 2021).Excessive free fatty acids (FFA), adiponectins, and cytokines such as Tumor Necrosis Factor Alpha (TNF-α) and Interleukin-22 (IL-6) have destructive effect on β-cells and increase apoptosis significantly impacting metabolism (Sinclair et al., 2018). Lipotoxicity is a process in which increased plasma levels of saturated fatty acids deliver negative impact on β-cell function (Risheng et al.,2019). Adiposity cause inflammatory conditions contributing to impaired insulin signaling and eventual IR and T2DM (Bulbul et al., 2021). Metabolic surgery applies to baiatric surgery involving anatomical alteration of gastointenstine and modulating GI hormones to derive glucose homeostasis in T2DM state (Alqunai and Alrashid, 2022). Metabolic surgeries are either restrictive or gastrointestinal diversion procedures (Tedesco et al., 2025).Restrictive procedures reduce volume of the stomach to limit gastric capacity but do not alter intestinal anatomy. Gastrointestinal (GI) diversionary procedures bypass segments of the small bowel. Bariatric surgery improves β-cell function and number of β-cells per islet (Liu Tiantong et al., 2023). Metabolic surgery is more effective in addressing obesity, glycemic control and other comorbidities (Gentileschi et al., 2021).Metabolic surgery modulates gut hormones, GLP-1,peptide YY, oxyntomodulin, obestatin, ghrelin, and cholecystokinin which are key peptides in the glucose homeostasis and T2DM management. Various studies and systematic reviews have reported improved glucose homeostasis after Roux-en-Y gastric bypass (RYGB), sleeve gastrectomy (SG), duodenal-jejunal bypass (DJB), gastric banding, One Anastomosis Gastric Bypass (OAGB), and biliopancreatic diversion (BPD) (Pappachan et al., 2015; Gentileschi et al., 2021; Capoccia et al., 2024; Wilmington et al., 2025). The effect of metabolic surgery on long-term diabetes remission in Asian patients with a body mass index (BMI) < 30 kg/m2 has been reported by Osorio Manyari et al. (2024).Lipotoxicity leads systemic pressure on many tissues to increase their lipid uptake.  Accumulation of toxic metabolic products, such ceramides, diacylglycerol, and fatty acyl-CoA, can impair tissue function and cellular metabolism (Badin et al., 2011) resulting in metabolic syndrome including peripheral IR (Stumvoll et al.,2005).Diabetes remission is defined as the achievement of HbA1c of < 6.5 without diabetes medication for three months. Diabetes remission on a longer period will be maintenance of HbA1c < 6.5 for three months or more after cessation of medication (Riddle et al., 2022; Zhao et al., 2025).
A review is made to present a comprehensive information on metabolic surgery and post-operative hormone changes in diabetes remission. A selective literature search is conducted using peer-reviewed publications, reviews and clinical trials from prominent databases, PubMed, Web of Science, Scopus and Google Scholar. The search carried out with keywords relevant to the topic, bariatric surgery/metabolic surgery, gut hormones/hormone modulation, T2DM, Glucose metabolism and diabetes remission. The inclusion criteria is original research articles, reviews, and meta-analyses that investigated metabolic surgery vs hormone change, post-surgery hormone profile and diabetes remission. Both human and animal studies were considered for review. After screening titles and abstracts, a thorough check of the full texts is made to ensure relevance and quality of the research. All studies /reports were analyzed, and findings were taken with a focus on key domain: Metabolic surgery, T2DM, hormone modulation and diabetes reversal. This review contributes to better understanding among clinicians and researchers regarding the metabolic and endocrine effects of surgical interventions in diabetes management.
2. Metabolic surgery and glucose homeostasis
Bariatric surgery aimed to achieve weight loss is seen to benefit substantially with improved glucose metabolism and other associated metabolic disorders (Adnan Agha et al., 2025). Buchwald and Varco (1978) defined metabolic surgery “as the operative manipulation of a normal organ or organ system to achieve a biological result for a potential health gain.” Presently metabolic surgery has been formally put into the algorithm of T2DM treatment (Sandoval & Patti, 2023). Bariatric surgery is broadly, restrictive, malabsorptives and mixed types. Glucose homeostasis after bariatric surgery depends on the type of bariatric surgery. Restrictive surgical procedures result in weight related glycemic control (Zaki et al., 2021), contrary to mixed type surgeries. Glucose homeostasis after malabsoptive and mixed type surgeries is independent of weight loss (Jennifer et al.,2010).Mechanism of T2DM remission achieved is due to modulation of hormones derived from gut and adipocyte (Martin et al.,1992; Pories et al., 1995).Gut hormones are peptides synthesized by specialized cells of enteroendocrine located in the epithelium of the stomach, small bowel and large bowel. Gut hormones activate neural circuits to signal peripheral organs for coordination of overall energy intake and assimilation (Daniel, 2007). Post-metabolic surgery induced weight loss is seen as a direct reflection of T2DM resolution (Yoshino et al., 2020; Sandoval & Patti, 2023). Caloric restriction is a key factor in the control of hyperglycemia due to reduced hepatic glycogen content and glucose production (Kirk et al., 2009).Bariatric surgical procedures have been reported a rapid post-operative T2DM remission by improved glucose tolerance similar to caloric restriction condition. Caloric restriction after bariatric surgery can further improve plasma glucose levels and liver fat content in T2DM remission though without any significant weight loss (Ozmen, 2021). Multiple changes induced by the surgery contribute to long-term improvement in β-cell function and T2DM remission (Leishman et al., 2023). Studies infer that the acute post-operative caloric restriction is a main factor for the early improvements in glucose homeostasis and insulin action (Charles et al., 2022; dos Santos et al., 2024). However, glycemic control attributed to caloric restriction is reported to be the incretin effect and increased insulin correlated to increased secretion of GLP-1(Dutia et al., 2014). Long-term metabolic improvement is dependent on weight loss suggesting the role of visceral adipose tissue (VAT) (Longo et al.,2019). Quick passage of food into the intestinal tract increases the release of gut hormones (Meek et al., 2016) and ileal-break to optimize digestion and absorption (Jarvie and Knight, 2022). Metabolic surgery alters both incretins and anti-incretins of gastro-intestinal system and induce long-term weight loss and sustained remission of type 2 diabetes mellitus (Ozguc, 2021) as well as play a role in control other comorbidities. The process of early remission is explained by two hypothesis namely foregut and hindgut hypothesis (Yin  et al., 2025). Foregut hypothesis is exclusion of duodenum and proximal jejunum from the process of digestion which prevents the release of a signal that inhibit incretins. Anti-incretin signal is the basis for foregut hypothesis supposed to balance incretin effect and prevent postprandial hyperinsulinemic hypoglycemia (Rubino et al.,2009). Normal glucose metabolism under anti-incretin theory is due to the presence of regulators of β-cell growth in the small proximal intestine. Hindgut Hypothesis is based on enhancement of incretin effect in glucose homeostasis. Early arrival of food stimulates the terminal ileum, stimulating L-cell secretion of anorexigenic and antidiabetic peptides, including Glucagon-like peptide-1(GLP-1) and peptide YY (Buchwald  et al, 2014). GLP-1 can stimulate β-cell mass/growth and insulin production (Briatore et al., 2008). GLP-1, GIP (incretin) and peptide YY (non-incretin) are the main actors in diabetes remission after RYGB and BPD (Ramracheya et al., 2010) suggesting hindgut hypothesis. Improved glycemic activity after surgery is due to an enhanced GLP-1 secretion from accelerated delivery of nutrient to the L-cell-rich distal small bowel (Hjorne et al.,2022). Caloric restriction after surgery results in improved β-cell function, and enhanced hepatic insulin sensitivity in T2DM subjects (Charles  et al., 2022).
3. Bariatric surgery procedures
Common methods used in bariatric surgery are gastric bypass (Roux-en-Y), sleeve gastrectomy,  laparoscopic adjustable gastric band (LAGB) and biliopancreatic diversion with duodenal switch (BPD/DS).The two most commonly performed bariatric procedures worldwide are the Roux-en-Y gastric bypass (RYGB) and the vertical sleeve gastrectomy (VSG) (Gudbrandsen et al., 2019).
1. Roux-en-Y gastric bypass (RYGB) is a surgical procedure involving creation of small pouch to the small intestine bypassing the upper part of stomach and duodenum.
2. Bliopancreatic diversion with duodenal switch (BPD/DS) is a surgery in two steps. Sleeve gastrectomy leaving only a narrow tube of stomach (SG). The second step involves connecting the end part of the intestine to the duodenum near the stomach to bypass most of the intestine.
3. Sleeve gastrectomy is a surgical procedure to reduce the size of the stomach leaving a smaller, sleeve-shaped pouch. SG also, reduces the release of appetite hormone Gherlin.
4. Laparoscopic adjustable gastric band (LAGB) involves small incisions in the upper abdomen and a silicone band around the upper stomach. A port is placed under the skin of the abdomen connected to band for injection of fluid to adjust size off the band.
4. ideal subjects and predictors of diabetes remission
Bariatric surgery is now looked beyond treatment for morbid obesity as metabolic surgery for treatment of T2DM based on BMI (Park et al., 2025). Ideal subjects in general are 1). Adults with a body mass index (BMI) of 40 or more; 2). BMI >35 kg/m2, regardless of presence, absence, or severity of co-morbidities; 3). individuals with metabolic disease and BMI of 30-34.9 kg/m2; 4. BMI of 30 or more with type 2 diabetes difficult to control through drugs and lifestyle changes (Dan et al. 2022). Glycemic control after surgery also dependent on additional factors like duration of diabetes, age and the level of glycaemic control suggesting remission is independent of weight loss (Sandoval & Patti, 2023). Poor β-cell function in patients with long history of diabetes is not a suitable case for metabolic surgery (Hanipah  et al.,2023). Improved insulin sensitivity and β-cell function in patients with severe obesity after Sleeve gastrectomy has been reported (Xin et al., 2024) to be a potential choice to restore β-cell function. Therefore, acceptable β-cell function and C-peptide is an ideal tool to evaluate T2DM patient for metabolic surgery (Sharan Appa  et al., 2024). Improved β-cell function is essential for better glucose homeostasis after metabolic surgery. Laparoscopic metabolic surgery (LSG) is reported to be an effective and safe treatment for T2DM patients with BMI < 35 kg/m2 (Dong et al., 2018; Yue et al., 2024). T2DM progress is also to linked to lipotoxicity induced  β-cell dysfunction (Lytrivi et al.,2020).
5. Diabetes remission post-metabolic surgery
Diabetes remission is outcome of improved insulin resistance and β-cell function which depends on the type of surgery and degree of physio-anatomical alteration of the gastro-intestinal tract. Improved glucose metabolism or remission is essentially related to weight loss in restrictive procedures. Metabolic effects of bariatric surgery are partly independent of weight loss especially after RYGB (Bianciardi et al., 2020). After bariatric procedures as gastric bypass and BPD, in which both exclude the duodenum and a  portion of jejunum from food transit by creating a gastroenteroanastomosis, diabetes improvement occurs early much before any significant weight loss. Acute post-operative caloric restriction imparted by the surgery is reported to result in early improvements in glucose homeostasis (Leishman et al., 2023). Visceral adipose tissue (VAT) has been implicated in T2DM and metabolic syndrome, highlighting the importance of weight loss for long-term metabolic improvement (Dhokte and Czaja, 2024). In case of obesity and lipotoxicity, weight loss will account for improved pancreatic function and decreased insulin resistance due to resolution of the pro-inflammation state (Bulbul Ahmed et al., 2021; Souto et al.,2025).
6.  GI hormone profile post-metabolic surgery
Clinical trials demonstrated bariatric surgery induced amelioration of T2DM and other obesity-related comorbidities (Mansur et al.,2022; Mohamed et al., 2024;Bader et al., 2025).Metabolic surgery modulates hormones, GLP-1. peptide YY, oxyntomodulin, obestatin, ghrelin, sectretin, Gastrin, obestatin and cholecystokinin which are main actors in the glucose homeostasis in T2DM (Sreenivas, 2025) Increased postprandial gut hormone secretion is one of the key mechanisms mediating the effects of surgery in weight reduction and glucose homoeostasis (Liu et al., 2023). Increase insulin sensitivity and the improved β-cell functioning seen in the first weeks of post metabolic surgery are due to restoration of GLP-1 release. Increased levels of GLP-1 following different bariatric procedures like gastric banding, sleeve gastrectomy and RYGB has been reported (Yin et al., 2023). Improvement of impaired incretin effect following both VSG (Basso et al., 2011) and RYGB (Shah et al., 2014) is the phenomena of hindgut hypothesis. Early arrival of food stimulates the terminal ileum, stimulating L-cell secretion of anorexigenic and antidiabetic peptides, including GLP-1 and peptide YY (Ignot-Gutiérrez et al.,2024). Naslund et al., (1998) reported persistent elevations in GIP levels after jejunoileal bypass due to early delivery of nutrients to the distal small intestine. Delayed gastric emptying (Salvatore et al.,2019; Xiang et al., 2024), results in incremental supply of nutrients to the gut for improved glucose tolerance (Nesti et al., 2019).Long-term follow-up and reduced DP-4 activity after RYGB amplifies postprandial total PYY secretion (Kowalka et al., 2023). PYY effects early recovery of impaired glucose-mediated insulin and glucagon secretion in bariatric surgery (Ramracheya et al., 2016).Postprandial release of PYY  increase satiety, delay gastric emptying and reduces postprandial insulin secretion (Nguyen et al., 2025). According to Guida et al (2019) elevated propionate and bile acids, after surgery, trigger PYY release both from enteroendocrine cells and from pancreatic islets. Interleukin-22 (IL-22) a cytokine which plays regenerative role in different tissues (Wang et al., 2025) is also modulated by bariatric surgery and directly regulates expression and release of PYY (Sajiir et al, 2025). PYY contributes to the ‘ileal-brake’ a phenomenon to control transit of a food through gastrointestinal tract in order to optimize digestion and absorption (Jarvie and Zachary, 2022). Postprandial PYY increase after metabolic surgery procedures, GB (Korner et al., 2009), SG (Tsoli et al., 2013) and RYGB (Dirksen et al., 2013) are well documented. PYY level remains unchanged after AGB as the procedure does not alter the rate of gastric emptying (Korner et al., 2006; Neff & Roux, 2023). PYY levels are elevated more after RYGB than SG (Arakawa et al., 2020; Kowalka et al., 2023).PYY may also regulate glucose homeostasis through peripheral effects distinct from its interaction with islets (Nguyen and Park,2025).
Peptide hormone secretin, produced in duodenal mucosa’s S cells contributes to improved glycemic regulation (Whitmore  et al., 2000). Secretin levels were increased following RYGB compared to SG due to nutrient diversion post-surgery (Modvig et al.,2020;Yin et al., 2023). Few studies suggest an increase in basal and postprandial levels of gastrin mainly in jejuno-ileal bypass (Dano and  Stadil,1976),but  majority of bypass procedures reveal either no significant change or a decrease of both circulating and post-prandial levels (Grong et al., 2016; Modvig et al., 2020). Investigations on the levels of ghrelin post metabolic surgery are inconclusive. Studies conclude either decreased (Anastasiou et al., 2025) or increased fasting and postprandial levels (Perez-Romero et al.,2010) post RYGB. Ghrelin levels have been reported to be reduced in SG due to the removal of the secreting part of the stomach (Li et al.,2024). No change in ghrelin levels after LGB are reported suggesting that weight loss is independent of circulating plasma ghrelin (Shak et al., 2008). Resection of the fundus has more impact on the ghrelin levels (Yousseif et al., 2014). The differences in the ghrelin levels are attributed to the configuration of pouch with vertical pouch, likely to exclude ghrelin producing cells compared to a horizontal pouch (Mc Laughlin et al., 2004). Studies have shown an increase or no change in ghrelin levels after BPD (Pournaras and Roux, 2010). Meta-analysis reports that levels of ghrelin decreased in the short term (≤ 3 months) and increased in the long term (> 3 months) after RYGB (Alic and Ayaz, 2025). Increased levels of plasma obestatin after RYGB and SG contribute to improved insulin sensitivity, reduced inflammation and enhanced satiety (Wang et al., 2016). Elevated post-prandial response of GLP-1 and PYY with a decreased level of circulating ghrelin after RYGB and VSG result in decreased hunger and weight gain, assist in weight loss and sustained glycemic control. Obestatin levels reportedly increased after metabolic surgery showing a positive correlation with insulin plasma levels (Xu et al., 2016;Charlotte et al., 2020). An improvement in the size of the islet and an increase in the number of β-cells is reported with obestatin treatment (Safa et al., 2023). Oxyntomodulin levels increase by more than 10-fold after RYGB and proposed as predictors of weight loss (Perakakis et al., 2019). GI hormone, CCK plays a crucial in metabolic physiology is also, reported to increase after SG (Peteril et al., 2012). Studies indicate different hormonal adaptations beyond the anatomical bypass effects (Peteril et al., 2012) and independent of weight loss alone (Anastasiou et al., 2025). 
7. Adipokines in glucose metabolism
Adiponectin an adipokine secreted by adipocytes though not a direct gut hormone acts as insulin sensitizer. Reduced plasma adiponectin concentration is associated with T2DM and obesity (Tasnim et al., 2022) and enhances insulin sensitivity in increased state (Diep Nguyen et al., 2020;Begum et al., 2023). A decrease in postprandial plasma glucose, endogenous glucose production, improved insulin sensitivity in the liver, skeletal muscle, adipose tissue and weight loss with improved β-cell function was reported after RYGB (Yoshino et al., 2020). Leptin primarily produced in the adipose tissue and in in small amounts in tissues of the stomach, mammary epithelium, placenta and heart (Pico et al., 2022) is involved in lowering glucose owing to its pleirotropic actions (de Candia et al., 2021). Significant decrease in leptin and a rise in adiponectin concentration post-RYGB surgery is reported compared to SG (Hosseini et al., 2023). Marked decrease in fasting leptin levels after bariatric surgery-induced weight loss is independent of the type of surgery performed (Terra et al., 2013; Sabah Kareem et al., 2024).
Conclusion: The current narrative is a review focusing on the role of metabolic surgery in the management of type 2 diabetes mellitus through hormone modulation. Knowledge on 
changed physiological functions, mechanistic actions and hormone adaptation opened up new therapeutic opportunities in controlling T2DM highlighting hormone-oriented treatment strategies. Despite lifestyle and dietary changes management of T2DM in obese subjects is a major challenge to clinicians with available drugs. Metabolic surgery is a new path in this direction in addition to obesity control. Metabolic surgery is now being opted as an effective treatment option to transform the health trajectory of T2DM subjects. An acceptable β-cell function as a tool to evaluate T2DM patient for metabolic surgery can be a criterion in the treatment algorithm considering different BMI levels among different nationals. Long-term diabetes remission reported in with BMI <30, has to be a consideration for surgery protocol among Asian population. Obestatin can also be used as a promising target in the treatment of metabolic diseases such as diabetes and obesity.Tailored approach has to be made for individual pathophysiology. Research on developing pharmacological agents to benefit different metabolic pathways without surgical procedure is more advantageous.
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