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Gallstones represent a common yet often underappreciated complication following bariatric surgery, with reported incidence rates ranging widely from 10.4% to 52.8% within the first postoperative year. Multiple factors contribute to gallstone formation in this setting, including intraoperative injury to the hepatic branch of the vagus nerve, alterations in bile composition, reduced food intake, shifts in gastrointestinal hormone levels, and dysbiosis of the gut microbiota. Notably, the risk of cholelithiasis varies by surgical procedure, with sleeve gastrectomy (SG) generally associated with a lower incidence compared to Roux-en-Y gastric bypass (RYGB). Prophylactic cholecystectomy during bariatric surgery may benefit patients with preexisting gallstones, whereas preserving the hepatic branch of the vagus is an important technical consideration, particularly in RYGB, to mitigate postoperative gallstone risk. Pharmacological interventions, such as ursodeoxycholic acid (UDCA), have demonstrated efficacy in preventing gallstones and reducing subsequent cholecystectomy rates. However, consensus is lacking on the optimal dosing, duration, and administration frequency of UDCA across different bariatric procedures. Additionally, dietary measures, such as moderate fat intake or fish oil supplementation, have shown promise in alleviating lithogenic processes. Emerging evidence supports the use of probiotics as a safe and patient-friendly adjunct or alternative to UDCA, given their ability to improve gut dysbiosis and reduce gallstone formation. Further high-quality studies are needed to define standardized prophylactic strategies that balance efficacy with patient adherence, offering personalized gallstone prevention protocols in the era of widespread bariatric surgery.
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1 Introduction

Obesity is a chronic, multifactorial disease characterized by excessive adipose tissue accumulation, which can adversely affect health. It is a well-established risk factor for various metabolic and cardiovascular diseases, including type 2 diabetes, hypertension, osteoarthritis, obstructive sleep apnea, and certain malignancies (1). In 2022, an estimated 43% of adults worldwide aged 18 years and older were classified as overweight (BMI ≥ 25 kg/m2), with 16% meeting the criteria for obesity (BMI ≥ 30 kg/m2) (2). According to the 2022 guidelines from IFSO and ASMBS (3), bariatric surgery is recommended for individuals with a BMI ≥ 35 kg/m2, irrespective of obesity-related comorbidities. For individuals with a BMI of 30.0–34.9 kg/m2 and metabolic conditions such as type 2 diabetes, hypertension, or obstructive sleep apnea, surgical intervention may be considered. Furthermore, in Asian populations, bariatric surgery is recognized as a viable treatment option for individuals with a BMI of 27.5–32.4 kg/m2 and associated metabolic diseases.

Extensive clinical evidence has demonstrated that bariatric surgery is effective in achieving sustained weight loss and improving obesity-related comorbidities in the majority of patients (4). Currently, the most commonly performed bariatric procedures are sleeve gastrectomy (SG) and Roux-en-Y gastric bypass (RYGB). With an increasing number of patients undergoing bariatric surgery, postoperative complications have garnered significant attention. Gallstones are frequently observed following bariatric surgery, with a subset of patients developing symptomatic cholelithiasis necessitating cholecystectomy (5–12). The high incidence, challenges in prevention, and potential impact on postoperative quality of life underscore the clinical significance of gallstone formation in this population. The following review will provide a comprehensive analysis of the underlying mechanisms and prophylactic strategies for cholelithiasis following bariatric surgery.



2 Relationship between obesity, bariatric surgery and gallstones


2.1 Increased prevalence of gallstones in patients with obesity

Cholelithiasis is a prevalent condition, affecting approximately 10%–20% of the global adult population, with obesity recognized as a significant risk factor for gallstone formation (13). The association between general adiposity, as measured by body mass index (BMI), and gallstone disease has been well established. Epidemiological studies have demonstrated that for every five-unit increase in BMI (kg/m2), the hazard ratio for cholelithiasis increases by 31% (14). In addition to abdominal adiposity, central obesity, characterized by visceral fat accumulation, has been identified as a significant contributor to gallstone development. Metrics such as the weight-adjusted waist circumference index (WWI), visceral adiposity index (VAI), and waist-to-hip ratio (WHR) have been independently linked to an increased risk of cholelithiasis. Specifically, each unit increase in WWI is associated with a 34% increase in gallstone prevalence, while each unit increase in VAI and WHR corresponds to a 31% and 18% increase, respectively (14–16). These findings underscore the multifaceted role of adiposity in gallstone pathogenesis and highlight the importance of obesity management in reducing the risk of cholelithiasis.



2.2 Elevated risk of gallstones following bariatric surgery

Clinical studies have reported a wide range in the incidence of gallstones (both symptomatic and asymptomatic cases) following bariatric surgery, with rates varying from 10.4% to 52.8% within 6–12 months postoperatively, while the incidence of symptomatic gallstones in patients who did not receive prophylactic gallstone-lowering interventions has been reported to range from 3.0% to 22.9% (5–12, 17, 18). However, these studies are limited by relatively small sample sizes and short follow-up durations. Furthermore, previous research has predominantly focused on the development of symptomatic gallstones after bariatric surgery, while the long-term risks associated with asymptomatic gallstones remain underexplored. Notably, asymptomatic gallstones can progress to serious complications, including cholecystitis, cholangitis, obstructive jaundice, pancreatitis, and, in rare cases, gallbladder carcinoma, highlighting the need for proactive surveillance and management strategies (19). Given the potential clinical consequences, the overall incidence of gallstones following bariatric surgery warrants further investigation and consideration in postoperative care protocols.



2.3 Variations in gallstone incidence among different bariatric procedures

Although the incidence of gallstones significantly increases after bariatric surgery, there are still notable differences between surgical procedures. Compared with those receiving RYGB, the summary results showed that participants receiving SG had a 35% lower rate of cholelithiasis, which may be attributed to differences in postoperative weight loss dynamics (20). SG is a restrictive procedure that induces weight loss primarily by reducing gastric volume and limiting caloric intake, whereas RYGB combines restrictive and malabsorptive mechanisms, bypassing a segment of the jejunum to reduce nutrient absorption. Rapid weight loss, exceeding 1.5 kg per week through very-low-calorie diets or following bariatric surgery, has been associated with gallstone formation in up to 30% of individuals (21). Within the first year postoperatively, patients undergoing RYGB experience an average weight loss of approximately 31.2%, compared to 25.2% in those undergoing SG (22). The greater short-term weight reduction associated with RYGB may partly explain the higher incidence of gallstone formation observed in these patients.




3 Mechanism of gallstone formation after bariatric surgery


3.1 Vagus nerve injury

The vagus nerve innervates multiple organs, particularly within the gastrointestinal tract and associated digestive glands. As it descends along the anterior and posterior surfaces of the esophagus into the abdomen, the anterior vagal trunk bifurcates into the gastric and hepatic branches. The hepatic branch of the vagus nerve plays a crucial role in regulating gallbladder contraction and the relaxation of the Sphincter of Oddi. While bariatric surgery is a well-known risk factor for postoperative gallstone formation, it is not the only surgical intervention associated with this complication. A study by Little et al. (23) reported a 28% incidence of new gallstone formation three years after abdominal surgery. Additionally, gastric cancer surgeries involving vagal nerve disruption have been linked to increased gallstone formation, whereas preservation of the hepatic branch has been shown to reduce the risk of postoperative cholelithiasis (24–26).

Despite the recognized role of the vagus nerve in gallbladder function, no studies to date have specifically quantified the incidence of vagus nerve injury during bariatric surgery. In RYGB, the stomach is transected using a surgical stapler, initially in a horizontal direction, followed by a vertical transection toward the angle of His. However, during the division of the gastrohepatic ligament at the lesser curvature of the stomach, prior to gastric pouch creation, the hepatic branch of the vagus nerve is often neither identified nor isolated by most surgeons (27). This oversight increases the risk of inadvertent injury due to the nerve's anatomical proximity. In contrast, SG involves creating a narrow gastric sleeve by vertically stapling the stomach and excising the greater curvature. The gastrohepatic ligament is preserved during SG, which results in a lower risk of vagus nerve injury compared to RYGB. Consequently, the incidence of gallstones following RYGB is higher than that observed after SG, potentially due to the increased likelihood of hepatic branch injury during the procedure.



3.2 Abnormal bile composition

Bile is a viscous, yellow-green digestive fluid composed of water, cholesterol, phospholipids, bile salts, small amounts of proteins, and inorganic salts (21). Gallstone formation following bariatric surgery is primarily attributed to alterations in the chemical composition of bile. Due to reduced food intake, the demand for bile in digestion decreases. However, hepatic bile synthesis remains relatively constant. Consequently, bile stored in the gallbladder becomes excessive and increasingly concentrated.

After RYGB, altered gastrointestinal anatomy leads to reduced intestinal cholesterol absorption, resulting in significantly decreased serum low-density lipoprotein cholesterol levels (28). To compensate, hepatic cholesterol catabolism is upregulated (28). In contrast, SG is a purely restrictive procedure that minimally impacts intestinal cholesterol absorption (28). In individuals with obesity, approximately 50% of cholesterol is stored in peripheral adipose tissue in a free form. Rapid weight loss following bariatric surgery leads to a substantial reduction in adipose tissue mass, resulting in the release of large amounts of free cholesterol (29). This excess cholesterol is secreted into bile, leading to bile supersaturation and subsequent gallstone formation (29).

Collectively, these physiological changes contribute to increased cholesterol concentration in bile following bariatric surgery. Elevated cholesterol levels can impair the contractility of gallbladder smooth muscle cells by altering the plasma membrane, thereby promoting cholestasis and facilitating gallstone formation (30). Furthermore, changes in gallbladder bile composition, particularly during rapid weight loss, have been shown to involve mucin as a significant factor in cholesterol crystal and gallstone formation. Shiffman et al. (31) demonstrated that mucin plays a crucial role in this process. The viscosity of bile is directly correlated with mucin concentration. Mucin can accelerate the precipitation of cholesterol crystals by forming a high-viscosity gel and mucin network, acting as a matrix and scaffold for stone growth (32).



3.3 Decreased food intake

Following bariatric surgery, patients experience a significant reduction in food intake due to decreased gastric volume, reduced gastric motility, and diminished appetite. This decreased food consumption weakens the nerve reflex that stimulates gallbladder contraction as food passes through the gastrointestinal tract, leading to cholestasis and facilitating gallstone formation. Johansson et al. (33) reported that the incidence of symptomatic gallstones was three times higher in patients adhering to a 500 kcal per day diet compared to those consuming 1,500 kcal per day. Additionally, post-surgical reductions in food intake and rapid weight loss impair gallbladder emptying, leading to increased residual volume and decreased refilling, which together promote gallbladder stasis and, consequently, the formation of gallstones (34).



3.4 Gastrointestinal hormone disorder

Cholecystokinin (CCK), primarily synthesized by I cells in the intestinal mucosa, promotes gallbladder contraction and relaxation of the sphincter of Oddi through binding to cholecystokinin receptors (CCK-R). I cells secrete CCK in response to the presence of fatty acids and amino acids in the duodenum. Zhu et al. (35) found that plasma CCK levels are elevated in patients with gallstones compared to healthy individuals, suggesting that a defect in CCK-R within the gallbladder may impair its motor function. Following bariatric surgery, particularly RYGB, the reconstruction of the gastrointestinal tract and reduced food intake limit contact with I cells. This may lead to a decrease in plasma CCK levels, impairing gallbladder contraction and promoting gallstone formation. Interestingly, however, it has been shown that plasma CCK concentrations increase after bariatric surgery (36). The relationship between gallbladder emptying, CCK, and CCK-R post-bariatric surgery remains underexplored, presenting potential avenues for novel postoperative gallstone therapies. Notably, sleeve gastrectomy (SG) is associated with a more significant increase in CCK compared to RYGB (37), which may explain the lower incidence of gallstones following SG.

Glucagon-like peptides (GLPs) are synthesized by enteroendocrine L-cells in the intestine. GLP-1 promotes insulin secretion and inhibits glucagon secretion, while GLP-2 inhibits intestinal apoptosis and stimulates intestinal villus hyperplasia. Evidence suggests that levels of both GLP-1 and GLP-2 increase after bariatric surgery (36). Following RYGB, the absence of mechanical restriction between the stomach and duodenum allows for the rapid delivery of nutrients to the jejunum and ileum, which stimulates L cells to synthesize and secrete large amounts of GLP-1 (38). Similarly, SG, which significantly reduces gastric volume, increases intragastric pressure and accelerates gastric emptying, effectively creating a functional intestinal bypass (38). This mechanism, similar to that of RYGB, promotes substantial GLP-1 secretion by L cells. Gether et al. (39) demonstrated that activation of GLP-1 and GLP-2 receptors prolongs gallbladder refilling time and increases gallbladder volume, thereby elevating the risk of gallstone formation. However, Sodhi et al. (40) reported that GLP-1 agonists did not increase the risk of biliary disease compared to other weight loss agents unrelated to GLP-1. Furthermore, an animal study found that liraglutide (a GLP-1 analogue) could prevent gallstone formation by increasing bile acid secretion and decreasing the cholesterol saturation index (41). This research suggests that liraglutide may offer a novel approach to treating or preventing gallstones. Therefore, further investigation into the relationship between GLPs and gallstone formation after bariatric surgery is warranted, as this could inform guidelines for the prevention and treatment of postoperative gallstones.



3.5 Gut microbiota dysbiosis

Following bariatric surgery, the composition of the gut microbiota is influenced by several factors, including dietary changes, reconstruction of the gastrointestinal tract, alterations in gut pH, modified gastrointestinal transit time, and changes in bile acid metabolism (42). A prominent alteration observed in most studies is a reduction in the relative abundance of Firmicutes postsurgery, accompanied by a corresponding increase in Bacteroidetes and Proteobacteria after SG and RYGB, respectively (43). Similarly, in a mouse model of gallstones, there is a decrease in Firmicutes and the Firmicutes-to-Bacteroidetes ratio, while Verrucomicrobia increases significantly (44). Dysbiosis of the gut microbiota may contribute significantly to the pathogenesis of gallstone formation by regulating bile acid metabolism, primarily through bile salt hydrolases, which de-conjugate bile acids, and 7α-dehydroxylase, which converts primary bile acids to secondary bile acids (44). Additionally, due to the reduced motility of the gallbladder after surgery, more bile secreted by the liver is diverted to the intestine. This increased bacterial catabolism of bile salts results in higher levels of biliary deoxycholate, which subsequently promotes hepatic cholesterol hypersecretion and cholesterol crystallization, further contributing to gallstone formation (21). Guman et al. (29) also found that patients who developed gallstones after bariatric surgery exhibited a higher abundance of Ruminococcus, a microorganism recently identified as a biomarker for gallstone formation. In contrast, patients who did not develop gallstones postoperatively had a higher abundance of Lactobacillaceae and Enterobacteriaceae in their gut microbiota (29). Lactobacillus species, known to produce bile salt hydrolase, facilitate the dissociation of bile acids in the small intestine and participate in bile acid-mediated signaling pathways (45). These findings suggest that Lactobacillus may serve as a protective probiotic against gallstone formation following bariatric surgery.




4 Prophylaxis for gallstone formation after bariatric surgery


4.1 Prophylactic cholecystectomy

Historically, when bariatric procedures were performed via an open approach, concomitant cholecystectomy was routinely conducted in all patients, regardless of gallstone status (46). With the development of laparoscopic techniques in bariatric practice, however, the incidence of performing cholecystectomy at the time of surgery has declined. Currently, there is no clear consensus on whether prophylactic cholecystectomy should be undertaken during bariatric surgery. For obese patients with gallstones in China, concurrent cholecystectomy during bariatric surgery is generally recommended. By contrast, the European Association for the Study of the Liver advises against routine prophylactic cholecystectomy, especially for asymptomatic gallstones (47). Opponents of prophylactic cholecystectomy emphasize that the occurrence of symptomatic gallstones following bariatric surgery is relatively low. They also highlight that adding a cholecystectomy to bariatric surgery prolongs operative time and may elevate surgical risks, given that the gallbladder in obese patients is often enveloped by fatty liver and may necessitate challenging trocar placement.

However, up to 70% of patients with asymptomatic gallstones who undergo laparotomy for unrelated conditions eventually develop biliary symptoms, with 40% requiring cholecystectomy within one year (48). Moreover, laparoscopic cholecystectomy following bariatric surgery can pose significant technical challenges due to altered intraabdominal anatomy, the presence of adhesions, and restricted laparoscopic visualization, all of which may increase the risk of adverse outcomes (49). In addition, following RYGB, the continuity between the stomach and duodenum is disrupted, hindering the advancement of the duodenoscope through the reconstructed Roux limb into the biliopancreatic system. Consequently, endoscopic retrograde cholangiopancreatography (ERCP) and related stone extraction procedures become substantially more complex (50–52). Nevertheless, Allatif et al. (53) have demonstrated that prophylactic cholecystectomy can be safely performed during bariatric surgery by experienced laparoscopic surgeons. In their study, patients undergoing simultaneous bariatric surgery and cholecystectomy did not exhibit a higher rate of minor or major complications compared to those who had bariatric surgery alone. Taken together, these findings suggest that prophylactic cholecystectomy may be advantageous for patients with asymptomatic gallstones undergoing bariatric surgery. For those without gallstones, regular ultrasound monitoring provides an effective approach for timely detection and intervention (54).



4.2 Preservation of the vagus nerve in bariatric surgery

RYGB has long been viewed as the gold standard in bariatric surgery due to its superior weight reduction outcomes, although it carries a higher surgical risk (55). In contrast, SG is technically less complex, has a shorter operative duration, and has gained popularity for managing obesity and related comorbidities (55). However, with the increasing number of SG procedures, concerns such as postoperative weight regain and gastroesophageal reflux have become more prominent. Consequently, surgeons and patients must thoroughly weigh the potential risks, benefits, and uncertainties associated with the long-term effects of bariatric procedures (4). A shared decision-making process, guided by patient preferences and values, is therefore recommended. Recent studies indicate that SG is associated with a significantly lower incidence of gallstone disease compared to RYGB (20). Thus, SG may be preferable for patients seeking to minimize postoperative cholelithiasis risk. However, when RYGB is chosen, surgeons must carefully identify or preserve the hepatic branch of the vagus nerve during dissection of the hepatogastric ligament at the lesser curvature of the stomach. Although limited research has addressed vagal preservation in RYGB, evidence from distal gastrectomy for early-stage gastric cancer demonstrates that combining intraoperative nerve monitoring with indocyanine green (ICG)-enhanced fluorescence laparoscopy is both safe and effective, notably reducing the incidence of postoperative gallstones (56). Employing a similar approach in RYGB, using electrophysiological monitoring and fluorescence markers to visualize the vagus nerve, may help avert inadvertent damage to its hepatic branch, thereby reducing gallstone formation postoperatively.



4.3 Ursodeoxycholic acid (UDCA)

Prophylactic administration of UDCA can effectively reduce the incidence of de novo gallstone formation and subsequent cholecystectomy following bariatric surgery (10, 57, 58). Mechanistically, UDCA inhibits both the intestinal absorption of cholesterol and its hepatic secretion into bile, thereby lowering biliary cholesterol saturation by 40%–60% (59). It also decreases bile acid toxicity, which could otherwise damage cell membranes and promote cholestasis (59). In a meta-analysis, Mulliri et al. (60) provided robust evidence of UDCA's protective effect, demonstrating a significant reduction in the rate of gallstone formation (OR = 0.25, 95% CI: 0.21–0.31, P < 0.01), symptomatic gallstone disease (OR = 0.29, 95% CI: 0.20–0.42, P < 0.01), and cholecystectomy (OR = 0.33, 95% CI: 0.20–0.55, P < 0.01) in patients receiving UDCA prophylaxis compared with controls.

However, the optimal UDCA dose and treatment duration remain to be defined. One study indicated that a daily dose of ≤600 mg led to a significant reduction in gallstone risk with better patient compliance (RR = 0.35; 95% CI: 0.24–0.53; P < 0.01), whereas doses >600 mg did not confer a statistically significant benefit (RR = 0.30; 95% CI: 0.09–1.01; P = 0.05) (61). In contrast, Magouliotis et al. (49) found that both 500–600 mg and 1,000–1,200 mg daily doses were associated with reduced gallstone formation, and observed no major difference between once-daily 500 mg vs. 250 mg twice daily. Another study similarly reported that 500 mg once daily effectively prevented gallstone disease after SG, whereas 250 mg twice daily was more beneficial following RYGB (5).

Given these varying results, large-scale clinical trials are warranted to determine the optimal dosage, duration, dosing interval, and daily administration frequency of UDCA across different bariatric procedures. Such investigations will help balance the prevention of gallstones with patient tolerance and adherence. Ultimately, individualized treatment strategies that take into account surgical technique, baseline obesity severity, and postoperative weight loss trajectory may further improve patient outcomes.



4.4 Diet therapy

A relatively high fat intake, as well as fish oil supplementation, may help prevent gallstone formation in obese patients undergoing rapid weight loss (62, 63). Specifically, consuming 7–10 g of fat daily is recommended to facilitate gallbladder emptying, thus counteracting the lithogenic processes that occur during weight reduction (33, 63). Fish oil, rich in n-3 polyunsaturated fatty acids (PUFAs), alters bile composition by increasing phospholipid species containing eicosapentaenoic and docosahexaenoic acids, while reducing those enriched with linoleic or arachidonic acids (63). Epidemiological data further indicate that dietary PUFAs are inversely associated with gallstone incidence (64, 65). Animal studies support these findings, showing that PUFA intake elevates biliary phospholipid levels and inhibits mucin production, thereby curbing gallstone formation (66). Notably, concomitant administration of PUFA and UDCA appears to dissolve cholesterol gallstones by lowering mucin secretion, decreasing cholesterol saturation, and increasing bile phospholipid and bile acid concentrations, which is a synergy preliminarily confirmed to be safe and effective in a clinical trial (67). Dietary modification after bariatric surgery may thus offer a safer and more patient-acceptable approach to reducing gallstone formation. Moreover, combining PUFA with UDCA potentially allows for a reduced dosage of medication, better therapeutic outcomes, fewer adverse effects, and improved adherence, making it a promising strategy for mitigating gallstone risk in bariatric surgery recipients.



4.5 Probiotics treatment

Compared with patients who develop cholelithiasis after bariatric surgery, those who remain gallstone-free exhibit a higher abundance of Lactobacillaceae and Enterobacteriaceae, suggesting a potentially protective effect against gallstone formation and paving the way for probiotic-based therapies (42). Both animal studies and clinical trials have indicated that probiotics can alleviate intestinal dysbiosis and decrease gallstone risk postoperatively. In a murine model, administration of 1.0 × 108 CFU/g of Clostridium butyricum (a prevalent human gut commensal) for five weeks lowered the incidence of gallstones by 43% and displayed notable litholytic effects (68). Similarly, Oh et al. (69) demonstrated in mice that Lactobacillus prevents gallstone formation by reducing hepatic 3-hydroxy-3-methylglutaryl-coenzyme A (HMG-CoA) reductase levels and inhibiting gallbladder mucin expression. Moreover, Han et al. (70) showed that probiotics exerted a gallstone-preventive effect comparable to that of UDCA, with fewer adverse reactions and improved compliance in the probiotics group. Although the precise mechanisms remain under investigation, current data suggest that probiotics may lower serum cholesterol by producing bile salt hydrolase (thus deconjugating bile salts), decreasing deoxycholic acid content in bile through a shorter intestinal transit time, and inhibiting biliary cholesterol secretion (68, 70, 71). Large-scale clinical trials are warranted to further validate the efficacy and safety of various probiotics in preventing postoperative gallstones. Given their favorable tolerability and adherence profiles, probiotics hold significant promise as a safe and effective adjunct therapy for gallstone prevention in patients undergoing bariatric surgery.




5 Summary and prospects

Gallstone formation after bariatric surgery appears to be multifactorial, potentially involving intraoperative damage to the hepatic branch of the vagus nerve, changes in bile composition, reduced food intake, altered gastrointestinal hormone levels, and gut microbiota dysbiosis. For obese patients presenting with gallstones, simultaneous cholecystectomy during bariatric surgery may confer additional benefits. SG carries a lower risk of postoperative cholelithiasis, whereas preserving the hepatic branch of the vagus nerve is particularly important during RYGB. Although UDCA has demonstrated efficacy in preventing gallstone formation and subsequent cholecystectomy, further research is needed to determine its optimal dosage, treatment duration, and administration schedule for different bariatric procedures. Moreover, dietary interventions, such as moderate fat intake or fish oil supplementation, warrant additional investigation. Probiotics have shown gallstone-preventive effects comparable to UDCA, with fewer adverse events and higher patient compliance, suggesting a promising therapeutic option for long-term management.
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