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Abstract Metabolic and Bariatric surgery (MBS) has become an essential treatment for severe obesity and 

associated comorbidities, particularly type 2 diabetes mellitus (T2DM), with substantial benefits in 

weight loss, improved glycemic control, and cardiovascular risk reduction. The International Dia

betes Federation (IDF) recognizes MBS as an effective option for individuals with obesity with 

T2DM due to its ability to improve insulin sensitivity and lower inflammation. These surgeries induce 

metabolic improvements through distinct mechanisms that affect gut hormone secretion, nutrient ab

sorption, and energy balance. These interventions modulate key gut hormones like glucagon-like 

peptide-1 (GLP-1), ghrelin, and leptin, which influence appetite, glucose metabolism, and fat storage. 

Moreover, MBS alters the gut microbiome, contributing to enhanced metabolic function and the res

olution of obesity-related conditions. Theories such as the Foregut-Hindgut Hypothesis, Ileal Brake 

Mechanism, and Gastric Center Hypothesis further try explain these metabolic changes. Understand

ing these theories and the physiological alterations they provoke is crucial for optimizing patient care 

and advancing the future of obesity treatments, offering insights into mechanisms that go beyond sim

ple weight loss to address complex metabolic disorders. (Surg Obes Relat Dis 2025;■:1–11.) © 2025 

American Society for Metabolic and Bariatric Surgery. Published by Elsevier Inc. This is an open 

access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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Metabolic and bariatric surgery (MBS) has become a very 

effective therapy for obesity and the comorbidities that go 

along with it, especially type 2 diabetes mellitus (T2DM). 

The International Diabetes Federation (IDF) has recognized 

MBS as a therapy option for people with obesity and dia

betes since it lowers cardiovascular risk factors, improves 

glycemic management, and encourages significant weight 

loss. It has become a vital technique in the management 

of obesity and its associated health consequences due to 

the prevalence of these illnesses worldwide [1,2]. Roux- 

en-Y gastric bypass (RYGB), sleeve gastrectomy (SG) and 
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one anastomosis gastric bypass (OAGB) are common MBS 

treatments that offer different strategies for improving meta

bolism and reducing body weight [3].

MBS has a major impact on metabolism and physiolog

ical processes, affecting several pathways that control hor

mone activity, glucose homeostasis, and energy balance. 

Weight management and metabolic health improve as a 

result of these operations, which cause major alterations in 

the body’s metabolic processes. It can improve general 

metabolic function, lower inflammation, and increase insu

lin sensitivity by changing the release of gut hormones and 

the absorption of nutrients. T2DM and cardiovascular ill

nesses are 2 ailments linked to obesity that are resolved or 

improved by these physiological changes [4,5]. Addition

ally, it alters physiology and metabolism by impacting func

tions like energy balance, lipid metabolism, and glucose 

regulation. These changes enhance appetite regulation and 

hormonal signaling, thereby improving metabolic health 

and addressing obesity-related disorders [6]. This paper 

aims to explore the intricate metabolic and physiological 

mechanisms altered by MBS, providing insight into how 

these changes contribute to weight loss and metabolism. Un

derstanding these mechanisms is essential for optimizing 

patient care and advancing the future of obesity treatments.

Methodology

A comprehensive review was conducted to investigate the 

metabolic and physiological changes induced by MBS, 

including procedures like gastric bypass, SG, and adjustable 

gastric banding. The search was designed to identify rele

vant studies on the effects of these surgeries on weight 

loss and associated metabolic alterations. Initially, a system

atic search was performed on 5 scientific databases: 

PubMed, Google Scholar, Cochrane, OVID, and Embase 

until March 2025. Relevant keywords and MeSH terms 

were used, including "metabolic surgery," "bariatric sur

gery," "gastric bypass," "sleeve gastrectomy," "adjustable 

gastric banding," "gut hormones," "glucose metabolism," 

"insulin sensitivity," "microbiome," and "weight loss," 

"foregut-hindgut hypothesis," and "ileal brake."

Both preclinical and clinical studies were considered for 

review, including randomized controlled trials (RCTs), 

observational studies, and meta-analyses. A total of 2000 

studies were initially identified. After applying inclusion 

and exclusion criteria, 150 studies were shortlisted for 

detailed analysis. These studies were reviewed for their 

findings on the mechanisms of metabolic changes, including 

alterations in gut hormones (e.g., ghrelin, leptin, glucagon- 

like peptide-1 (GLP-1)), glucose metabolism, insulin sensi

tivity, appetite regulation, fat storage, and the microbiome’s 

role in enhancing metabolic outcomes postsurgery. The 

selected studies were evaluated for relevance, quality, and 

their contribution to understanding how MBS affects both 

metabolic function and the resolution of comorbidities. 

The final synthesis of the review was derived through a 

consensus approach among the authors. This comprehensive 

review aims to provide insights into the complex mecha

nisms triggered by these surgical procedures and their po

tential for advancing the treatment of severe obesity and 

its associated metabolic disorders.

Metabolic and physiological changes postsurgery

MBS leads to significant metabolic and physiological 

changes post-surgery that contribute to weight loss and the 

improvement of obesity-related comorbidities. These changes 

are both weight-dependent and weight-independent, involving 

various hormonal cross-talk, metabolic effects, and physiolog

ical adaptations.

Metabolic and hormonal adjustments

Hormonal adjustments following MBS play a crucial role 

in the metabolic improvements observed in patients. These 

changes primarily involve gut hormones that regulate 

glucose metabolism, insulin sensitivity, and appetite, 

contributing to the overall success of the procedure. One 

of the key hormones, GLP-1, is significantly elevated after 

MBS, improving glucose control and often leading to the 

remission of T2DM. Similarly, other hormones like peptide 

YY (PYY) also see changes, which further enhance post

prandial metabolic responses. These hormonal shifts, driven 

by the alterations in gastrointestinal anatomy, are central to 

the weight loss and metabolic benefits observed in patients 

postsurgery [5,7,8].

A prospective study compared the effects of SG and 

RYGB on hormone and metabolic changes in patients. A to

tal of 59 subjects were enrolled, with 40 undergoing RYGB 

and 19 undergoing SG. Blood samples were taken at various 

time points after a test meal to measure hormone levels. The 

study found that RYGB led to greater weight loss and meta

bolic improvements compared to SG. Specifically, RYGB 

showed higher mean percentage weight loss at 52 weeks, 

with continued weight loss over time. Hormones like 

PYY, GLP-1, and ghrelin were analyzed, showing potential 

roles in appetite regulation and glucose homeostasis. The 

authors highlighted the importance of gut hormones in 

mediating the effects of different bariatric procedures on 

weight loss and metabolic outcomes. Finally, the study 

concluded that these hormonal changes significantly 

improve glucose metabolism, with RYGB showing more 

sustained benefits for glucose homeostasis over time, which 

may explain its superior efficacy in weight loss and meta

bolic improvement compared to SG [9].

In addition to the changes in GLP-1 and PYY, the study 

also examined the role of other hormones, such as ghrelin 

and leptin, which are closely linked to appetite regulation 

and metabolic processes. Preoperative ghrelin levels were 

found to be higher in the SG group compared to the 
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RYGB group, although the reasons for this remain unclear. 

There was considerable variability in fasting ghrelin levels 

across individuals, with SG showing a broader range of 

values. Some factors reported across studies such as the 

assay used, which measures both active and inactive forms 

of ghrelin, and demographic differences like race and 

body mass index (BMI), may contribute to these variations. 

Interestingly, the study noted a significant decrease in ghre

lin levels after SG, likely due to the resection of the ghrelin- 

secreting cells in the gastric fundus [9]. This is consistent 

with recent findings and may help explain the reduced appe

tite often seen in SG patients [8,10].

Additionally, the interplay between leptin and ghrelin is 

complex, and while differences in leptin levels were 

observed, further research is needed to clarify their role in 

the hormonal adaptations post-MBS and how they 

contribute to the differences in outcomes between RYGB 

and SG. In another study comparing SG, RYGB, and 

LAGB, it was found that ghrelin and insulin levels signifi

cantly decreased after SG and RYGB, with SG showing 

the most improvement in beta-cell function. High baseline 

ghrelin levels in SG predicted successful weight loss, sug

gesting its potential role in predicting outcomes after 

MBS [11]. However, more research is needed to validate 

these findings.

In addition to other hormonal changes, MBS significantly 

affects adipokines, myokines, and hepatokines, all of which 

are crucial for the metabolic improvements seen in patients 

with obesity as seen in Fig. 1. Studies show adipokines, such 

as adiponectin, leptin, and proinflammatory cytokines, are 

significantly modulated following surgery. Adiponectin 

levels increase postsurgery, promoting improved insulin 

sensitivity and reduced inflammation. On the other hand, 

leptin levels decrease in response to weight loss, correlating 

with a reduction in systemic inflammation. Proinflammatory 

adipokines like interleukin-6 (IL-6) and C-reactive protein 

(CRP) also show a significant decrease, reflecting a reduc

tion in chronic low-grade inflammation. These changes in 

adipokine levels contribute to the overall metabolic im

provements and may play a critical role in the remission 

of obesity-related comorbidities. Myokines such as myosta

tin are also affected by MBS, with a reduction in myostatin 

levels observed postsurgery. Myostatin is linked to insulin 

resistance, and its reduction helps improve muscle meta

bolism [12,13,14–18]. Additionally, the secretion of other 

myokines associated with metabolic functions, like 

fibroblast growth factor-21 (FGF-21) and brain-derived neu

rotrophic factor (BDNF), also undergoes significant 

changes. Although the specific roles of these myokines in 

the context of surgery remain a topic of ongoing research, 

their modulation supports enhanced metabolic health. Hep

atokines such as insulin-like growth factor-binding protein 2 

(IGFBP2), adropin, and sex hormone-binding globulin 

(SHBG) increase following surgery, contributing to better 

liver function and metabolic health. These hepatokines are 

important for regulating both liver and adipose tissue phys

iology and are closely linked to improvements in insulin 

sensitivity and overall metabolic function [19,13,20,14,15].

In the long term, MBS results in sustained improvements 

in various metabolic parameters. However, some markers 

may not return to levels typically seen in non-obese individ

uals, suggesting that the surgery leads to a new metabolic 

baseline. Despite this, the overall metabolic improvements 

following MBS including reduced inflammation, improved 

insulin sensitivity, and better control of adipokine and myo

kine levels are crucial for the remission of obesity-related 

conditions, supporting its role as a powerful therapeutic 

intervention for obesity and its associated comorbidities.

Fig. 1. Systemic hormonal modulation following bariatric surgery and its role in metabolic improvement. FGF-21 5 fibroblast growth factor-21; BDNF 5 

brain-derived neurotrophic factor; IL-6 5 interleukin-6.
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Bile acids and gut microbiota

MBS, particularly RYGB, OAGB, and SG, induces pro

found metabolic improvements beyond weight loss, largely 

through significant alterations in bile acid metabolism and 

gut microbiota composition. The changes in bile acid meta

bolism are critical, with studies revealing that anatomical 

rearrangement is a key driver [21]. For example, a study 

on RYGB reported fasting total plasma bile acids increased 

significantly from 1.08 to 2.28 μmol/L (P 5 .03), and post

prandial levels rose from 2.46 to 6.00 μmol/L (P 5 .01). 

This rise in bile acid levels correlates with improvements 

in glucose metabolism, insulin sensitivity, and lipid profiles 

[22]. Another study even observed a bimodal increase in bile 

acids at 1 and 24 months post-RYGB, while another noted a 

sustained increase from 2.3 to 5.9 μmol/L over 5 years, 

coinciding with a lower BMI, greater weight loss, and 

reduced total cholesterol. Biliopancreatic diversion with 

duodenal switch (BPD/DS) demonstrated an even more sub

stantial increase in bile acids, rising from 1.0 to 9.5 μmol/L 

over 5 years, whereas laparoscopic adjustable gastric band

ing (LAGB) produced a 49% decline in fasting bile acids 

(from 1.80 to .92 μmol/L) [23]. In contrast, SG procedures 

did not present specific bile acid data but are generally 

considered to induce less dramatic changes in bile acid pro

files, likely due to the preservation of the normal intestinal 

route [24].

These bile acid alterations significantly impact metabolic 

outcomes, including glucose homeostasis and insulin sensi

tivity, due to the activation of bile acid receptors such as Far

nesoid X receptor (FXR) and TGR5, which regulate glucose 

and lipid metabolism. The increased circulating bile acids 

also play a role in modulating the gut microbiota, further 

contributing to metabolic improvements [25,26]. Postsur

gery shifts in gut microbiota composition are particularly 

pronounced after procedures involving extensive intestinal 

rerouting, such as RYGB. Studies show that RYGB leads 

to increased proportions of Proteobacteria, Verrucomicro

bia, Akkermansia muciniphila, E. coli, and Bacteroides/Pre

votella, alongside decreased levels of Firmicutes, 

Lactobacillus-related groups, and Bifidobacterium. These 

microbial changes are thought to contribute to the reduction 

of obesity-related inflammation and improved metabolic 

health. In contrast, procedures like SG and other similar sur

geries typically result in only minor microbial alterations. 

However, a consistent pattern across various procedures is 

a reduction in Firmicutes and an increase in Akkermansia 

muciniphila, a beneficial bacterium that is associated with 

improved metabolic outcomes [26–28].

Moreover, a global analysis conducted in 2024 showed 

how MBS has shown significant impacts on the gut micro

biota across studies. The gut microbiota composition is 

altered in response to surgery, with shifts that are closely 

linked to the successful outcomes of bariatric treatments. 

Studies have shown that specific patterns in the microbiota 

prior to surgery may serve as indicators of a patient’s 

response to the procedure, and postsurgery, individuals 

who experience successful weight loss tend to exhibit an in

crease in beneficial microorganisms that positively affect 

host metabolism. These microbial changes contribute to 

the long-lasting effects of MBS, including sustained weight 

loss and the resolution of obesity-related comorbidities such 

as T2DM and metabolic associated fatty liver disease 

(MAFLD) [29]. Beyond the shifts in microbial composition, 

MBS also influences microbial function, notably by 

increasing the abundance of bacteria capable of converting 

primary bile acids into secondary bile acids. These second

ary bile acids play an essential role in regulating glucose 

metabolism, enhancing insulin sensitivity, and improving 

overall metabolic health. The alterations in the microbiota 

following surgery contribute to an increase in the secretion 

of gut hormones, such as GLP-1, which enhances insulin 

secretion and glucose clearance, even before significant 

weight loss occurs [29,30].

The impact of MBS on the gut microbiota is also linked to 

reductions in adipose tissue, which further helps reduce sys

temic inflammation and improve insulin sensitivity. Long- 

term, these alterations in the gut microbiota contribute to 

improved energy homeostasis, glucose regulation, and a 

reduction in adiposity [30].

These findings emphasize that MBS involving substantial 

anatomical rearrangements, such as RYGB and BPD/DS, 

lead to more pronounced shifts in both bile acid profiles 

and gut microbiota composition compared to less invasive 

procedures like SG and LAGB. The combined alterations 

in bile acid metabolism and gut microbiota are essential 

for the metabolic benefits observed after MBS, contributing 

to enhanced glucose metabolism, insulin sensitivity, and 

overall metabolic health as seen in Fig. 2. As such, under

standing the mechanisms underlying these changes offers 

promising avenues for developing non-surgical interven

tions that mimic the metabolic benefits of MBS, offering 

new therapeutic options for individuals with obesity and 

metabolic diseases.

Theories and mechanisms underlying surgical effects

Foregut-Hindgut hypothesis

The Foregut-Hindgut hypothesis is a theoretical frame

work used to explain the metabolic improvements observed 

after MBS, particularly in the remission of T2DM. The hy

pothesis is divided into two parts: the foregut hypothesis and 

the hindgut hypothesis. The foregut hypothesis suggests that 

bypassing the proximal small intestine (duodenum and 

jejunum) prevents the release of a diabetogenic signal, 

thereby improving glucose metabolism. In contrast, the 

hindgut hypothesis posits that the rapid delivery of nutrients 

to the distal intestine enhances the secretion of incretin hor

mones like GLP-1 and glucose-dependent insulinotropic 
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polypeptide (GIP), which improves insulin secretion and 

glucose control [31,32,33–35,36]. Several studies have pro

vided evidence supporting the role of the Foregut-Hindgut 

hypothesis in metabolic surgery outcomes. Bariatric proced

ures such as the duodenal-jejunal bypass (DJB) and ileal 

interposition have shown significant remission rates of 

T2DM, suggesting that these surgeries’ mechanisms align 

with the hypothesis. For instance, the DJB with SG has re

ported remission rates of 73-93%, indicating a strong meta

bolic effect beyond mere weight loss [33]. Additionally, the 

rapid improvement in glucose control observed after sur

geries like RYGB and BPD, even before significant weight 

loss, supports the hypothesis that changes in gut hormone 

secretion play a crucial role [34,37]. However we do have 

to take into account that procedures like the DJB and ileal 

interposition are not officially recognized by official soci

eties and some even state that these procedures are still 

“experimental,” despite the growing body of evidence the 

last decade.

Despite the supporting evidence, the Foregut-Hindgut hy

pothesis has faced criticism and alternative explanations. 

Some researchers argue that the hypothesis does not fully ac

count for the metabolic changes observed, as similar diabetes 

remission rates have been reported in procedures that do not 

involve foregut exclusion, such as SG with jejuno-jejunal 

bypass [38]. Moreover, the hypothesis may overlook the 

role of caloric restriction and changes in bile acid meta

bolism, which are also significant factors in metabolic im

provements postsurgery [35,39]. Additionally, the gastric 

center hypothesis suggests that changes in the stomach itself, 

possibly involving unknown hormones, could be responsible 

for the metabolic benefits observed after MBS [39].

Ileal brake

The "ileal brake" is a physiological feedback mechanism 

that slows down the transit of food through the 

gastrointestinal tract to optimize nutrient digestion and ab

sorption. This process is primarily mediated by neurohor

monal factors, including gut hormones such as PYY and 

GLP-1, which are released in response to the presence of un

digested nutrients in the ileum [40,41,42]. The mechanism 

involves a combination of neural and hormonal signals 

that inhibit gastric emptying and small bowel transit, 

thereby enhancing nutrient absorption and promoting 

satiety [40,41]. Post-bariatric surgery, the ileal brake plays 

a significant role in metabolic and physiological changes. 

Procedures like BPD/DS and ileal interposition are 

designed to enhance the activation of the ileal brake by 

increasing nutrient exposure to the ileum, which can lead 

to sustained weight loss and improved glycemic control 

[43,41,44,42]. Compared to other bariatric procedures, 

these surgeries may offer better long-term outcomes in 

terms of weight maintenance and resolution of comorbid

ities such as T2DM [44]. A cohort study by Çelik et al. 

conducted between 2011 and 2014 evaluated the efficacy 

of diverted SG with ileal transposition (DSIT) on weight 

loss and glycemic control in patients T2DM across a spec

trum of BMI categories. A total of 131 patients underwent 

the procedure, with follow-up assessments conducted 

1 year postoperatively. The results demonstrated a signifi

cant reduction in mean BMI from 33.1 to 23.5 kg/m2, 

with weight loss correlating strongly with baseline body 

weight. However, improvements in glycemic markers 

including fasting plasma glucose, HbA1C, and insulin 

sensitivity indices (HOMA-IR and Matsuda Index)— 

occurred independently of weight loss. Additionally, insu

lin secretion increased fourfold after surgery despite 

enhanced insulin sensitivity. These findings suggest DSIT 

significantly improves glycemic control and insulin sensi

tivity in T2DM patients, independent of baseline BMI 

and the degree of weight loss, highlighting its role as an 

effective metabolic procedure beyond obesity management 

[45].

Fig. 2. Metabolic changes postbariatric surgery. IGFBP2 5 insulin-like growth factor-binding protein 2; PYY 5 peptide YY; GLP-1 5 glucagon-like peptide-1.
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Another study by Santoro et al. (2012) presented 5-year 

outcomes of SG with transit bipartition (SGnull1nullTB) 

as a metabolic surgical approach for obesity. Conducted 

on 1020 patients with a BMI range of 33 to 72 kg/m2, the 

study introduced TB as a physiologically oriented modifica

tion designed to correct gut hormone imbalances associated 

with high-glycemic diets. The procedure preserves nutrient 

flow through both the duodenum and ileum, avoiding 

excluded segments, prostheses, or blind loops, and mini

mizing malabsorption. Results showed sustained weight 

loss with an average excess BMI loss of 74% at 5 years 

and significant metabolic improvements, including 86% dia

betes remission. The technique also demonstrated low 

complication rates (6%) and rare malabsorptive issues. 

The study concludes that SGnull1nullTB achieve durable 

weight loss and high diabetes remission without inducing 

malabsorption, offering a physiologically balanced alterna

tive for MBS [46].

The 2019 HIPER-1 study aimed to compare the metabolic 

outcomes of four bariatric procedures—OAGB, SG, ileal 

transposition, and TB with those of medical management 

in individuals with T2DM. Using mixed-meal tolerance 

tests conducted 6 to 24 months post-intervention, the study 

assessed gut hormone secretion, β-cell function, and glyce

mic control. Results showed that OAGB and ileal transposi

tion were associated with a greater early postprandial rise in 

plasma glucose levels compared to TB and SG, likely due to 

pyloric removal and accelerated gastric emptying. Despite 

elevated GLP-1 levels in the ileal transposition and OAGB 

groups, β-cell responsiveness to glucose was significantly 

higher in participants who underwent TB and SG. Notably, 

postoperative β-cell function emerged as the strongest pre

dictor of hyperglycemia resolution, revealing a disconnect 

between GLP-1 elevation and β-cell efficacy. These findings 

suggest that β-cell function, not GLP-1 levels, is the most 

reliable predictor of glycemic improvement post-surgery, 

with TB and SG offering superior outcomes in this regard 

[47].

However despite such promising results across various 

studies, complications such as delayed gastric emptying 

and nutrient malabsorption can occur, highlighting the 

need for careful patient selection and postoperative manage

ment [48]. Evidence supporting the ileal brake’s role in 

MBS outcomes includes studies demonstrating significant 

weight loss and resolution of comorbidities following pro

cedures that enhance ileal nutrient exposure. For example, 

laparoscopic intestinal bipartition and ileal interposition 

have shown promising results in terms of weight loss and 

improvement in T2DM and other obesity-related conditions 

[40,41,42]. These outcomes are attributed to the sustained 

activation of the ileal brake, which promotes long-term 

satiety and reduced caloric intake [42]. While the ileal brake 

is a compelling mechanism for achieving weight loss and 

metabolic improvements, some critiques highlight the vari

ability in patient responses and the potential for adverse 

effects such as nutrient malabsorption and gastrointestinal 

complications [48]. Alternative viewpoints suggest that a 

multifactorial approach, considering both surgical and 

non-surgical interventions, may be necessary to optimize 

outcomes for patients undergoing MBS [43,44]. Further 

research is needed to fully understand the long-term impli

cations of ileal brake activation and to refine surgical tech

niques for better patient outcomes.

Gastric center hypothesis

The gastric center hypothesis suggests that the stomach 

plays a central role in regulating metabolic processes 

through the secretion of specific hormones. This hypothesis 

poses that changes in the stomach, as seen in various MBS, 

could lead to alterations in hormone secretion, thereby 

impacting metabolic processes and contributing to weight 

loss and the remission of metabolic syndrome [49,50]. 

The hypothesis emphasizes the organ cross talk between 

the stomach and the brain, suggesting that the stomach 

may secrete hormones that influence brain activity related 

to appetite and metabolism. This hormonal and cellular 

communication is thought to be crucial in regulating appe

tite and energy balance, potentially explaining the effective

ness of MBS in reducing obesity and its related 

comorbidities [49,50]. Postsurgery, patients often experi

ence significant metabolic and physiological changes, 

including weight loss and improved insulin sensitivity. 

The gastric center hypothesis basically tries to explain the 

effects of sleeve gastrectomy without a fundamental scien

tifical basis. The physiological mechanisms of other proced

ures that involve less alteration in the stomach’s anatomy, 

challenge this hypothesis. Good examples are the the DJB 

sleeve and ileal transposition surgery [49]. Additionally, 

the role of gut microbiota and gastrointestinal peptides 

like ghrelin, gastrin and obestatin in these processes is not 

fully explained by the gastric center hypothesis [49]. While 

some studies support the idea that the stomach plays a cen

tral role in metabolic regulation, others highlight the lack of 

evidence for the specific hormones proposed by the Gastric 

Center Hypothesis. In summary, while the gastric center hy

pothesis offers an intriguing perspective on the role of the 

stomach in metabolic regulation, it faces significant chal

lenges due to a lack of empirical evidence and the existence 

of alternative explanations for the outcomes of MBS 

[39,49]. Further research is needed to clarify the mecha

nisms by which these surgeries affect metabolism and to 

identify the specific roles of gastric hormones and other 

factors.

Postsurgical metabolic effects on cardiovascular health

Cardiovascular health is significantly impacted by the 

major hormonal changes brought on by MBS. Hormonal al

terations after surgery, such as increases in GLP-1, brain 

natriuretic peptide (BNP), ghrelin, PYY, and leptin, are 
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important because they improve metabolic health, reduce 

inflammation, and improve cardiac function.

A study examined the effects of BNP and GLP-1 on car

diovascular changes after gastric bypass surgery. Patients 

were assessed based on changes in hormone levels and car

diovascular metrics including heart rate and blood pressure. 

Following surgery, the results showed a considerable rise in 

GLP-1 and BNP secretions, which were linked to better car

diovascular outcomes like lower blood pressure and 

improved heart function. The results point to the possible 

role of GLP-1 and BNP in promoting postoperative im

provements in cardiovascular health by indicating that the 

cardiovascular advantages of gastric bypass surgery may 

be partially mediated by increased secretion of these hor

mones [50]. GLP-1 is also associated with lowering inflam

mation, enhancing endothelial function, and encouraging 

vascular regeneration. This implies that the increased 

GLP-1 levels after MBS may be a target for treatment to 

treat vascular dysfunction in cardiometabolic-based chronic 

disease [50,51]. Fig. 3 shows an overview of the cardiovas

cular effects of GLP-1.

Despite the fact that postoperative ghrelin levels can fluc

tuate, research on the impact of ghrelin on the heart has pro

duced inconsistent results. Nonetheless, there is evidence 

that ghrelin increase can enhance a number of cardiac func

tion metrics, such as cardiac index, ejection fraction, and 

stroke volume index, in addition to lowering left ventricular 

wall stress in patients with heart failure [52]. Though further 

research is required to fully understand its processes and 

therapeutic potential, these findings suggest that ghrelin 

may contribute to improving cardiac performance, espe

cially in people with impaired heart function [53].

Increased PYY levels were linked to enhanced insulin 

sensitivity and glycemic management as well as improve

ments in glucose metabolism. Furthermore, improvements 

in cardiovascular risk variables, like lower blood pressure 

and better lipid profiles, were associated with an increase 

in PYY [54]. Similarly, leptin indicates a possible function 

in mediating left ventricular hypertrophy (LVH) as it is 

markedly raised in obese patients and strongly connected 

with increased left ventricular mass. Left ventricular mass 

was found to decrease in accordance with a significant fall 

in leptin levels following MBS and subsequent weight 

loss. These data indicate that leptin may contribute to car

diac remodeling in obesity and that the reduction in leptin 

levels post-surgery could play a crucial role in reversing 

LVH, hence improving cardiovascular health [53,55].

The substantial cardiovascular benefits mediated by these 

hormonal changes underscore their potential as therapeutic 

targets for cardiometabolic disorders. With improvements 

seen in several areas of heart health, MBS has been shown 

to provide substantial cardiovascular advantages for patients 

with obesity. The significant decrease in hypertension after 

surgery is among the most noteworthy outcomes. According 

to a study, 60–70% of patients experience hypertension 

remission following the surgery enables a reduction in or 

discontinuation of antihypertensive medication. Weight 

loss-induced reductions in sympathetic nervous system 

Fig. 3. General overview of the effects of GLP-1 on the cardiovascular system. GLP-1 5 glucagon-like peptide-1.
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activity and improved endothelial function are primarily 

responsible for this improvement [56].

MBS not only lowers blood pressure but also improves 

lipid profiles, which are important for lowering the risk of 

cardiovascular disease. A study showed that post-operative 

patients saw a 30–50% drop in triglycerides, a 25–40% 

decrease in LDL cholesterol, and a 5–15% increase in 

HDL cholesterol. It is believed that improved lipid meta

bolism and changed gut hormone production, especially 

GLP-1, are the causes of these metabolic gains [57].

The advantages also extend to structural enhancements 

and heart function. Hospitalization rates for heart failure 

and atrial fibrillation were considerably lower among indi

viduals with pre-existing cardiovascular illness who had 

MBS [58]. After surgery, a decrease of LVH—a crucial 

marker of cardiovascular risk—is also observed. According 

to these results, MBS not only improves pre-existing heart 

issues but also prevents the heart’s function from getting 

worse [57].

Functionally, several pathways contribute to the reduction 

of systemic inflammation and to the improvement of 

vascular health after MBS. According to studies, the sur

gery was shown to reduce proinflammatory cytokines 

(such as TNF-α, IL-6) and increase anti-inflammatory adi

pokines (such as adiponectin), especially in the case of 

visceral adipose tissue, a relevant contributor to chronic 

inflammation in obesity [10]. Along with weight loss and 

metabolic benefits, a long-term decrease in inflammatory 

markers (CRP, fibrinogen) and enhancement of vascular 

endothelial status after 2 years postsurgery were shown [59].

Moreover, MBS can reduce obesity-induced systemic 

inflammation as well as local adipose tissue inflammation 

that may be mediated by inhibition of macrophage infiltra

tion and restoration of adipocyte function. Since better 

endothelial function and less oxidative stress increase 

vascular compliance, these anti-inflammatory benefits help 

to lower arterial stiffness [57,60].

Gut-brain axis postbariatric surgery

Major alterations in the gut-brain axis are brought about 

by MBS, which affects eating behavior, neurohormonal 

signaling, and cognitive function through intricate pro

cesses. Changes in gut hormones following MBS, such as 

GLP-1, PYY, and ghrelin, alter brain pathways that control 

energy homeostasis, metabolism, and appetite. Reduced 

appetite and increased fullness are 2 benefits of these hor

monal changes, which are mediated by vagal nerve 

signaling and have direct effects on the brainstem and hypo

thalamus nuclei. Changes in bile acid metabolism also have 

an impact on the central nervous system, which may 

improve metabolic control [61].

Changes in inflammation and cognition after MBS are 

also influenced by the gut-brain axis. Following surgery, 

changes in the structure of the gut microbiota might lower 

systemic inflammation, which may enhance cognitive func

tion. Beneficial gut bacteria’s synthesis of short-chain fatty 

acids (SCFAs) affects neuroinflammation and microglial 

activation, pointing to a connection between brain health 

and metabolic improvement. Moreover, improved neuropro

tection and cognitive function might result from lower levels 

of pro-inflammatory cytokines [62]. Following MBS, gut- 

brain connection also affects disordered eating behaviors, 

which are prevalent in obesity. Alterations in gut-derived 

peptides, like GLP-1 and PYY, affect the brain’s reward sys

tems and minimize the desire for foods rich in calories. A 

vital pathway for these signals is the vagus nerve, which 

sends information from the gut to parts of the brain like 

the prefrontal cortex and nucleus accumbens that are 

involved in food motivation. The long-term decline in binge 

eating and emotional eating behaviors seen in post-surgical 

patients may be explained by these adjustments [63].

Finally, the effects of MBS on the gut-brain axis are medi

ated in large part by the gut flora. There has been a notice

able increase in the diversity of microorganisms, including 

beneficial species like Faecalibacterium prausnitzii and 

Akkermansia muciniphila. These microorganisms improve 

the integrity of the intestinal barrier, lower endotoxemia, 

and generate neuroactive metabolites that affect mood and 

cognition, such as serotonin and gamma-aminobutyric 

acid (GABA). The relevance of microbial changes in main

taining metabolic and neurological benefits after MBS is 

highlighted by the two-way communication between the 

gut microbiota and the central nervous system. In conclu

sion, MBS alters the gut-brain axis via microbial, hormonal, 

and neurological processes, improving metabolic control, 

lowering inflammation, and changing behavior [64,65].

Challenges and future directions

The postoperative phase of MBS is critical, as patients 

face several challenges that require careful management to 

ensure successful outcomes. In the short term, patients 

may experience gastrointestinal leakage (either leakage of 

the staple line or anastomosis depending on the type of oper

ation), thromboembolism and infections [66,67]. The com

plex nature of the procedure and the patient’s pre-existing 

medical conditions may cause these issues. To identify 

and treat these conditions as soon as possible, close observa

tion is necessary both in the hospital and throughout the 

early stages of recovery [68,69]. One of the most significant 

long-term challenges is the risk of nutritional deficiencies. 

Malabsorption of critical vitamins and minerals, such as 

iron, calcium, vitamin B12, and folate is quite prevalent. 

In the absence of appropriate supplementation and consis

tent monitoring, patients may experience neurological prob

lems, osteoporosis, or anemia [70,71]. Following surgery, 

patients are needed to follow strict dietary recommenda

tions, which include avoiding high-fat or sugary meals, 

eating small portions, and following a high-protein diet. 
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Weight gain or insufficient weight loss may result from 

noncompliance. Patients also need to make regular physical 

activity a part of their routines, which can be difficult for 

people who already struggle with mobility or psychological 

difficulties [72–75].

According to a systematic review, around 17.6% of pa

tients who undergo MBS experience recurrent weight gain 

(RWG), with at least 10% of their lost weight returning. 

Anatomical characteristics such as greater gastric capacity 

or expanded gastrojejunal stoma diameter, dietary practices 

like emotional eating and excessive sugar intake, and mental 

health conditions like anxiety and depression are all associ

ated with RWG. Longer recovery periods and genetic vari

ables also have a role. Reducing RWG and improving 

long-term results can be achieved by addressing these rea

sons with customized interventions [76]. To advance our un

derstanding of MBS outcomes, newer experimental setups 

are needed to substantiate current theories, particularly the 

gastric center hypothesis, which remains one of the weakest 

and least understood aspects of MBS mechanisms [77]. 

Personalized medicine and nutrition are becoming novel 

strategies to improve the results of MBS. Medical profes

sionals can determine the elements that affect weight loss 

and comorbidity resolution for each patient by utilizing psy

chosocial and genetic risk assessments. For instance, 

customized interventions that target particular requirements 

are made possible by knowledge of a patient’s genetic pre

dispositions, emotional eating behaviors, and metabolic re

actions [78–80]. This is furthered by precision nutrition, 

which tailors meal plans according to lifestyle, metabolic, 

and genetic variables, maximizing nutritional absorption 

and promoting long-term weight control after surgery.

Additionally, individuals who don’t respond well to con

ventional methods can benefit from novel solutions pro

vided by developments in personalized devices and 

therapies, such as pharmacogenomic medicines or adjust

able implants [81–83]. By offering patient-specific, tailored 

care, these technologies hope to improve weight reduction 

results and lower the risk of difficulties. By addressing these 

challenges through personalized nutrition, medicine, and 

tailored interventions, MBS outcomes can be significantly 

improved, ensuring sustained weight loss, reduced compli

cations, and enhanced quality of life for patients.

Conclusion

MBS is a powerful tool in the management of obesity and 

related diseases. The insights into its mechanisms, particu

larly through the lens of hormonal, gut-brain axis, and 

microbiota changes, have profound implications for both 

clinical practice and future research. As we continue to 

explore the intricate interactions that underlie these effects, 

there is immense potential to refine surgical techniques, 

personalize treatment approaches, and optimize long-term 

outcomes for patients, ultimately advancing the field of 

metabolic surgery and patient satisfaction.
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