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Short title : Opposite addictive effects of GLP-1RAs vs. bariatric surgery
Abstract
Background 
Obesity is an increasing public health problem because of its high prevalence and associated morbidity and mortality. Two weight-loss strategies are currently used, either bariatric surgery or pharmacological therapy with glucagon-like peptide-1 receptor agonists (GLP-1RAs). Preclinical studies in rodents suggested an increased risk of additive disorders after bariatric surgery contrasting with a reduced risk with GLP-1RAs.
Methods
An extensive literature search to detect clinical studies that investigated the prevalence of addictive disorders (food addiction, alcohol abuse, smoking, cannabis, cocaine, opioid use) following bariatric surgery or GLP-1RA therapy in obese patients.
Results
In observational cohort studies, the prevalence of alcohol use disorder was twofold higher after > 2 years following surgery (eleven studies, mainly with gastric bypass) whereas it was reduced roughly by half with GLP-1RA therapy (five studies, mainly with semaglutide). Similar findings were reported with other addictive disorders. An addiction transfer from food addiction to other addictive disorders is hypothesized to explain the increased risk after bariatric surgery. Several mechanisms are proposed to explain the favourable findings reported with GLP-1RAs, i.e. effects on the dopamine reward pathway, central GABA (gamma-aminobutyric acid) release, negative emotional stress associated with food/drug restriction and/or neuronal inflammation. 

Conclusion
Available data from observational cohort studies confirm an increased risk of addictive disorders following bariatric surgery, contrasting with a reduced risk with GLP-1RA therapy. Both physicians and patients should be informed of the higher risk post-surgery whereas available promising results with GLP-1RAs should be confirmed in ongoing dedicated randomized controlled trials before any official indication.
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Highlights
· Two weight-loss strategies are currently used in clinical practice, either bariatric surgery or incretin-based pharmacological therapy
· These two approaches have opposite effects on addictive disorders, bariatric surgery (especially Roux-en-Y gastric bypasss) increasing the risk whereas GLP-1 receptor agonists (especially semaglutide) reducing the risk.
· The most investigated addictive disorder in observational studies was alcohol use disorder for which the difference between the two approaches appears striking
· Less numerous studies also reported a similar difference for other addictive disorders, such as smoking, cannabis/cocaine use and opioid use.
· The underlying mechanisms able to explain these opposite effects of the two weight-loss strategies on addiction pattern remain a matter of discussion.


Introduction

Food addiction is a common problem in the field of obesity [1, 2]. Indeed, many morbidly obese individuals are confronted to this behavior [3]. Nevertheless, the concept itself of food addiction has been debated [4]. Bariatric-metabolic surgery is the most effective intervention in reducing food addiction symptoms as showed in a recent systematic review [5]. However, it has also been reported that bariatric surgery could expose to a higher risk of other addictive disorders, especially alcohol craving [6]. One theory that has been discussed is the idea of 'addiction transfer' wherein patients substitute one 'addiction' (food) for a new 'addiction' (alcohol) following surgery [6-8]. Interestingly, the hedonic pathway of eating has similar underlying mechanisms to those of addictive disorders [9-11]. The overlap in molecular and neuronal circuits that drive excessive food intake and addiction has been noted by multiple investigations [11, 12].
 In contrast, glucagon-like peptide-1 receptor agonists (GLP-1RAs, especially semaglutide) and dual agonists (tirzepatide), which are also associated with reduced appetite and weight loss and increasingly used for the management of people with obesity, seem to be associated with a more favourable profile in this respect. Indeed, a reduced rather than an increased alcohol addiction has been reported after the initiation of these pharmacological compounds as well as a reduction in some other addictive disorders [13-15]. 
This narrative review is the first one that compares the contrasted effects of GLP-1RAs versus those of bariatric surgery on alcohol addiction and different addictive behaviors. The hypothesis is that GLP-1RAs could offer the unexpected benefit of a protection against addictive disorders, not only alcohol use disorder (AUD) but also other addictions [16, 17], beyond their well-known effects on weight reduction, improved glucose control and cardiorenal protection [18]. In contrast, bariatric surgery could promote addiction transfer and lead to potentially deleterious behavioral changes including illicit drug abuse [19, 20]. The review ends with a brief discussion about the possible underlying mechanisms that could explain the opposite effects of these two efficacious weight-loss strategies.
Literature search strategy
A literature search in PubMed, Scopus, Embase and the Cochrane Database of Systematic Reviews has been performed to identify English-language studies published between January 2000 and December 2024. In a first step, the terms used for the research were “bariatric surgery” OR “GLP-1 receptor agonists” combined with “addiction” OR “addictive disorders”. In a second step, the term “bariatric surgery” was splitted into the different surgical procedures (“gastric bypass”, “sleeve gastrectomy”, “laparoscopic adjustable gastric banding”). The term “GLP-1 receptor agonists” was divided into the three agents that received the indication for the management of obesity, liraglutide, semaglutide and tirzepatide. Finally, the term “addiction” was specified with its most important components : food addiction, alcohol use disorder, smoking/tobacco, cannabis, cocaine, opioid use, substance abuse. The reference lists of previously published reviews regarding this topic were also scrutinized to identify any further reports of potential interest.

Increased risk of substance addiction after bariatic surgery

	Food addiction

A systematic review published in 2017 identified a total of 19 studies that examined food addiction among bariatric surgery patients [21]. Only two studies prospectively measured food addiction both pre- and post-operatively and found high levels of food addiction before surgery, which was significantly reduced post-surgery. A meta-analysis of 40 studies published in 2023 showed that the weighted prevalence of food addiction decreased from 32 % in the preoperative period to 15 % in the postoperative period. Seven longitudinal studies showed a weighted absolute prevalence reduction of 26 % (95% confidence interval [CI]: 10-41 %) [22].
Systematic screening for and treatment of food addiction symptoms before obesity surgery, for instance using the Yale Food Addiction Scale 2.0 (YFAS 2.0), is critical because such symptoms are prevalent and associated with poorer clinical and psychosocial outcomes [23]. However, mixed results were found about the relationship between food addiction and substance misuse in bariatric surgery patients [21]. Among 216 bariatric surgery candidates, patients with versus without YFAS 2.0 diagnosis did not differ with regard to prevalence estimates of other addictive behaviors [24].

	Alcohol use disorders

Preclinical studies investigating the potential effects of bariatric surgery on alcohol consumption have generated consistent results from independent laboratories demonstrating that Roux-en-Y gastric bypass (RYGB) increases alcohol consumption in diet-induced obese rats with no prior history of alcohol exposure [25]. Overall, they support the notion that bariatric surgery may represent a potential risk for AUD. A paper examines the concept of Food and Alcohol Disturbance (FAD), colloquially known as “drunkorexia” or “alcoholimia”, as an emerging area of research that holds promise for elucidating the nature of some alcohol problems after bariatric surgery [26]. Obviously, postoperative problematic alcohol consumption is a complex issue, involving both psychological and physiological mechanisms [27].
A risk of AUD following bariatric surgery in patients with obesity was identified already a long time ago. An editorial published in 2007 pointed out that anecdotal reports of the development of alcohol misuse after gastric bypass surgery have begun to proliferate in the media and on bariatric surgery websites [28]. One year later, a review of the literature indicated that a small percentage of obese people appeared to spontaneously develop alcohol abuse or dependence after bariatric surgery [29]. In 2012, recommendations were published for adequate screening, assessment, and preoperative preparation of weight-loss surgery candidates in order to mitigate the risk of post-surgery AUD [30]. A systematic review published in 2015 evaluated twenty-three studies that reported on alcohol and/or substance use among bariatric patients. It concluded that patients treated with the gastric bypass procedure are at an elevated risk for alcohol use problems postoperatively. Several risk factors were identified (pre-surgery regular or problematic alcohol use, male gender, younger age, tobacco use), but overall post-surgery prevalence of problematic AUD remains rather low according to available data [31].

[bookmark: _Hlk186978413]Since that time, numerous reports have been published in the scientific literature which confirmed an increased risk of AUD after bariatric surgery, with a higher risk with RYGB compared to sleeve gastrectomy or laparoscopic adjustable gastric banding (LAGB) (Table 1) [32-42]. The prevalence of AUD across studies ranged between 9.3% and 20.8 % 2-5 years after RYGB compared with 6.6-7.6 % before surgery (three studies). The risk ratio of AUD was significantly increased (range 1.70-7.29; four studies) after RYGB versus pre-surgery or controls. A large U.S. multicenter prospective cohort study (“Longitudinal Assessment of Bariatric Surgery-2”) confirmed that the prevalence of AUD was greater in the second postoperative year than the year prior to surgery or in the first postoperative year. Again, different factors of increased risk were identified in this observational study : male sex and younger age, numerous preoperative variables (smoking, regular alcohol consumption, recreational drug use, and lower interpersonal support) [32], thus confirming previous observations  [31]. These risk factors were also confirmed in another study, which also showed that young adult patients might also demonstrate high rates of binge drinking and alcohol drinking to intoxication after weight-loss surgery [43]. Based on a combined retrospective cohort and cross-sectional study, 9.4% of all patients showed at least hazardous/harmful alcohol consumption six years after bariatric surgery according to AUDIT (“Alcohol Use Disorder Identification Test”) completed by 1,496 patients. Higher scores were associated with male sex, longer time since surgery, dissatisfaction with the weight loss and higher health care resource utilization [44]. Another study found higher educational level and higher household income as predisposing patient factors to AUD development following bariatric surgery [36]. Adolescents might be exposed to a particularly high risk. In a prospective U.S. cohort study among 217 adolescents, nearly half of those who underwent bariatric surgery screened positively for AUD, symptoms of alcohol-related harm, or alcohol-related problems 8 years post-surgery [45]. Perhaps surprisingly, in another study, binge eating disorder was not found to be predictive of AUD in long-term follow-up period after RYGB surgery [46].
[bookmark: _Hlk186978483]In most studies (Table 1), RYGB was associated with a greater risk (risk ratio almost double : range 1.98-2.30 in four studies) of developing an AUD compared with sleeve gastrectomy, except in one study [36], while LAGB generally did not show any significant increased risk [6]. In the prospective, controlled Swedish Obese Subjects (SOS) study that enrolled 2,010 obese patients who underwent bariatric surgery (with a long follow-up of 8-22 years), the gastric bypass group, compared to obese controls treated with a medical approach, had increased risk of alcohol abuse diagnosis (adjusted hazard ratio [aHR] = 4.97), alcohol consumption at least at the WHO (World Health Organization) medium risk level (aHR = 2.69), and alcohol problems (aHR = 5.91). Vertical banded gastroplasty increased the risk of these conditions to a lesser extend (aHRs between 1.5 and 2.3), while LAGB was not different from controls [33]. In the Longitudinal Assessment of Bariatric Surgery-2, the year-5 cumulative incidence of post-surgery onset AUD symptoms was 20.8% (95% CI: 18.5-23.3) post-RYGB, and 11.3% (95% CI: 8.5-14.9) post-LAGB. Undergoing RYGB versus LAGB was associated with higher risk of incident AUD symptoms (aHR = 2.08, 95% CI: 1.51-2.85) [35]. In a retrospective population-based cohort study carried out in Sweden, patients with obesity who had undergone gastric bypass had more than doubling the risk of inpatient care for alcohol abuse postoperatively compared with patients undergoing a restrictive surgical procedure (HR 2.3; 95% CI, 1.7-3.2) [34]. A higher risk of AUD is also present after sleeve gastrectomy as emphasized in another study, which showed that one in five non-high-risk drinkers developed new high-risk alcohol intake 1 year after sleeve gastrectomy [47].  A systematic review published in 2018 identified 10 studies that analyzed the rate of AUD in the postoperative period following bariatric surgery for weight management. The risk of AUD was not significantly increased in the first two years postoperatively but was increasing after this period. Three years post-operatively pooled odds were 1.82 (95% CI, 1.53-2.18), with a significant increase in AUD particularly with RYGB [48]. Another analysis stratified by time after bariatric surgery revealed a higher risk of AUD already within the first year following surgery (HR: 2.77, 95% CI: 1.39-5.53) [40]. In contrast, another study did not find addiction transfer from preoperative food addiction to other addictive behaviors during the first year after bariatric surgery [49], a finding confirmed in another large prospective cohort that showed a tendency to lower AUD rates one year after both RYGB and sleeve gastrectomy versus pre-surgery rates, but higher rates after two years [36] (Table 1). A systematic review, which included 18 articles, yielded mixed results. Meta-analysis of six articles did not reveal statistically significant differences in alcohol use behaviors before and one year after bariatric surgery. However, throughout the perspective of follow-up after bariatric surgery, nine out of the twelve articles showed improvement in the pattern of alcohol consumption when evaluated up to two years after the end of the surgical period, and four out of the five articles with monitoring beyond two years showed worsening in alcohol consumption, compared to pre-surgery alcohol use behaviors [50].
According to a position statement of the “American Society for Metabolic Bariatric Surgery” published in 2016, some individuals (yet a minority) are at risk for AUD relapse or for developing new-onset AUD after weight loss surgery, especially after RYGB [51]. As a recommendation of this position statement, patients undergoing bariatric surgery should be screened and educated regarding alcohol intake both before and after surgery. Patients should be made aware that AUD may occur in the long term after bariatric surgery. A recent systematic review published in 2024 provides support for the consensus guidance suggesting patients should be informed of a small but significant risk of new-onset alcohol use following bariatric surgery, with the strongest evidence in the medium- to long-term and in those who were treated with RYGB followed by sleeve gastrectomy [52].
Based on pharmacokinetic (PK) studies, gastric bypass surgery is associated with accelerated alcohol absorption, higher maximum alcohol blood concentration and longer time to eliminate alcohol [51, 53]. The data are less clear regarding altered alcohol PK after sleeve gastrectomy and LAGB [51, 54]. Nevertheless, a study showed that sleeve gastrectomy, similar to RYGB, causes marked alterations in the response to alcohol ingestion manifested by a faster and higher peak blood alcohol concentration [55]. Another study showed that the PK effects of alcohol and how rewarding alcohol was reported to be significantly changed from before bariatric surgery to one year after RYGB-induced weight loss [56]. These results implicate changes in the PK and reinforcing effects of alcohol as possible mechanisms for increased risk of AUD following RYGB surgery. The unexpected finding from an exploratory cross-sectional study in Norway that patients with AUD having undergone bariatric surgery seemed to need more alcohol to feel intoxicated warrants further research [57].  However, these results are in line with those of an experimental acute study in women treated with RYGB/sleeve gastrectomy, which compared PK data with the scores in the alcohol sensitivity questionnaire (ASQ), a simple self-report measure that could pinpoint reduced alcohol sensitivity.  Despite the increased blood alcohol concentrations observed when ingesting alcohol after RYGB/sleeve gastrectomy, ASQ scores were significantly reduced after surgery and a third of women felt almost no alcohol-related sedative effects [54]. However, the precise contribution of alterations in alcohol metabolism/PK resulting from bariatric surgery on increased alcohol use and development of AUD remains unknown and controversial [25].
Although the risk of alcohol-associated liver disease after weight-loss surgery is still poorly established, sufficient evidence exists to merit caution [58]. In a huge cross-sectional U.S. study that compared clinical outcomes of patients with bariatric surgery versus patients with other abdominal surgeries, the bariatric surgery group had an increased risk of alcohol-related liver disease (odds ratio [OR] 1.29, 95% CI 1.22-1.37) and cirrhosis (OR 1.39, 95% CI 1.37-1.42) [41]. Another population-based cross-sectional U.S. study reported that bariatric surgery is associated with a short-term decreased risk of alcohol-related cirrhosis but potential long-term increased risk of alcohol-related cirrhosis in women (HR 2.1, 95% CI 1.79-2.41), especially after RYGB [39].
In a 7-year follow-up of 2,458 adults who participated in the Longitudinal Assessment of Bariatric Surgery-2, alcohol-related mortality was two-to threefold significantly higher than expected, specifically after RYGB [59]. A cohort study including Veterans Health Administration health centers in the U.S. showed that while RYGB was associated with a reduced mortality risk versus medical management (HR 0.63, 95% CI 0.49-0.81), this association was mitigated by increasing alcohol use over time [42].
An invited commentary published in the JAMA Surgery 2023 concluded about “a cause for concern and call to action” regarding alcohol use following bariatric surgery [60].

	Smoking
While smoking has been associated with weight loss in the general population, most current evidence demonstrates that smoking habits are not associated with weight loss outcomes after bariatric surgery [61]. A retrospective chart review of patients who underwent bariatric surgery reported no association between preoperative smoking, postoperative smoking or changes in smoking status with postoperative weight loss. Interestingly, smoking cessation and postoperative weight loss were independently predictive of increased patient satisfaction [62]. In another single center, the impact of bariatric surgery was diverse on smoking habits: some smokers succeeded in quitting smoking while other previously nonsmoking began smoking after LAGB or laparoscopic sleeve gastrectomy. Again, in this study, smoking status was not significantly associated with weight loss [63]. 
Studies focusing on the impact of bariatric surgery on smoking habits were far less numerous compared to those focusing on AUD. An Australian study published in 1990, reported a significant increase in the number of patients smoking more than 20 cigarettes a day among 240 patients who remained in the study three years after gastric restrictive operations [64]. Three studies reported no significant differences in prevalence or frequency of cigarette smoking over the first one-two years following RYGB procedure [20, 65, 66].  In a review published in 2016, no significant prevalence change in cigarette smoking from pre-to postoperative period was observed, without time effect on smoking contrasting with a time effect on AUD. However, all these studies have been hampered by small sample size, poor patient’s retention and lack of long-term follow-up [67]. According to a more recent prospective study that recruited a much larger number of patients (n = 1,770) undergoing RYGB with a long-term follow-up, although most adults who smoked 1-year before the intervention quit smoking pre-surgery (as recommended), yet smoking prevalence rebounded across 7-years, primarily due to relapse [68]. Despite advice to quit smoking and temporary quitting before surgery, a considerable group of bariatric surgery patients continues smoking after surgery. These patients were less aware of the beneficial effects of smoking cessation [69].
A systematic review of forty-eight studies showed that smoking within 1 year prior to bariatric surgery is associated with significant postoperative morbidity [70] while continuing smoking habits after surgery was also associated with worse outcomes [71]. Thus, the use of traditional smoking cessation methods in patients before and after bariatric procedures should be implemented. 

Cannabis

Despite the high prevalence of cannabis use in the general population, there has been little research investigating the cannabis prevalence in individuals seeking bariatric surgery. The limited available literature database has produced mixed results when considering marijuana as a contraindication for bariatric surgery [72]. Recent studies have not demonstrated an increased risk of short-term surgical complications [73]. However, preoperative marijuana use has been linked to increased postoperative marijuana use which may undermine weight loss and increase risk for weight regain due to problematic eating behaviors [74]. Cannabis use after bariatric surgery was associated with anxiety symptoms and engaging in maladaptive eating behaviors [75].  Nevertheless, recent studies did not show any statistical difference in up to 2-year weight loss following surgery among marijuana users versus non-users [72], yet follow-up rate at two years was twofold lower in marijuana users compared to non-users [73].
The few studies that have examined cannabis use in a population submitted to bariatric surgery have reported presurgical rates of 6% to 8%, with post–bariatric surgery rates between 18% and 38% [76].  Another study found that individuals using cannabis before bariatric surgery requested and utilized more opioids for pain management following bariatric surgery [77]. Moreover, these patients reported increased cannabis use following bariatric surgery. This finding was consistent with another report, in which 21% of the sample of individuals using cannabis before bariatric surgery reported increased postoperative cannabis use [74].

Opioid use
A systematic review concluded that nearly 90% of all bariatric patients are prescribed excessive opioids at discharge [78]. Another systematic review reported an increased risk for developing new, persistent opioid use following bariatric surgery. Some patient factors including prior substance abuse and mental health disorders, and surgical factors being complications and peri-operative opioid use were identified, which could contribute to post-bariatric surgery opioid overuse [79]. However, further research is warranted to clarify potential risk variables for opioid-related harm, specifically opioid use disorder, in the bariatric population [80].
In a large retrospective cohort study in U.S. Veterans Administration hospitals, bariatric surgery was associated with 20-30 % greater risk of chronic prescription opioid use incidence over 1-5 years in patients without baseline use but was not associated with greater opioid use persistence [81]. A huge Swedish retrospective study confirmed that RYGB surgery increases the risk of prolonged (24 months) opioid use in patients with obesity who were non-consumers before surgery but apparently had no effect on overall opioid use among prior consumers [82].

	Other addictions

A systematic review published in 2015 collected six studies that reported on illicit drug use data among post-operative weight-loss surgery populations : two cross-sectional studies, three medical report reviews and one longitudinal study  [31]. Overall, results were reassuring with a low prevalence of illicit drug use and no significant increase in the single longitudinal study, yet implications of this study were limited by the low sample size and a high-attrition experienced at 2-year follow-up [20].
A U.S. multicenter prospective cohort study reported the year-5 cumulative incidence of post-surgery substance abuse. Onset illicit drug use and substance use disorders (SUD) treatment were observed in 7.5% (95% CI 6.1-9.1), and 3.5% (95% CI: 2.6-4.8) of individuals, respectively, post-RYGB, and 4.9% (95% CI 3.1-7.6), and 0.9% (95% CI 0.4-2.5) post-LAGB. Undergoing RYGB versus LAGB was associated with higher risk of illicit drug use (aHR 1.76, 95% CI 1.07-2.90) and SUD treatment (aHR 3.56, 95% CI 1.26-10.07) [35].
A prospective, controlled Swedish Obese Subjects study enrolled 2,010 patients with obesity who underwent bariatric surgery (those with a history of non-alcohol SUD were excluded). During a long median follow-up of 23.8 years, non-alcohol SUD incidence rates per 1000 person-years were 1.6 (95% CI 0.8-3.1), 0.8 (95% CI 0.5-1.2), 1.1 (95% CI 0.5-2.2), for RYGB, vertical banded gastroplasty and LAGB, respectively, compared with 0.6 (95% CI 0.4-0.8) in control individuals. Only gastric bypass was associated with a statistically significant increased incidence of non-alcohol SUD (aHR 2.54, 95% CI 1.14-5.65) compared with control participants [83].
Preoperative history of substance use was shown to be a reliable correlate of postoperative substance use. However, the potential health impact of illicit drug use after bariatric surgery has not been investigated in identified publications [67], in contrast to what was demonstrated with AUD as previously discussed.
Finally, amazing observations suggested that patients undergoing bariatric surgery may also develop gambling disorders after surgery, a finding that called for further research on this specific topic [84].
Reduced risk of addiction with GLP-1 receptor agonists
Numerous preclinical findings in rodents demonstrated that the GLP-1 pathway plays a role in the complex mechanisms regulating not only alcohol but also other substance consumption patterns [85, 86]. Because of only scarce dedicated RCTs in humans [87], retrospective and prospective observational cohort studies and refined methods for capturing patient reports of incidental GLP-1RA effects on addictive behaviors at large scale could potentially lead to pharmacovigilance-based approaches to identify the clinical effects of incretin-based therapies [88].
Food addiction
Dysregulation of the endogenous GLP-1 system is associated with binge eating in animal models and GLP-1RAs may be a promising approach to suppress the overconsumption that occurs during binge eating [86]. GLP-1RAs can reduce food addiction in patients living with obesity. Recent systematic reviews confirmed that GLP-1RAs consistently reduced energy intake and influenced reward-related behavior [89, 90]. In a randomised, double-blind, placebo-controlled, two-period crossover trial, ad libitum energy intake was substantially lower with semaglutide (titrated up to 1 mg weekly) vs placebo after 12 weeks of treatment. Furthermore, this study showed that semaglutide was associated with less appetite and food cravings, better control of eating and lower relative preference for fatty, energy-dense foods [91]. Similarly, in a study among people with obesity, a 3-month treatment with semaglutide was highly effective in ameliorating emotional eating and other abnormal eating patterns that exert a negative influence on body weight [92]. After four months of treatment with semaglutide, the prevalence of food addiction diminished from 57.5% to 4.2% (p < 0.001) when evaluated with the Yale Food Addiction Scale 2.0 questionnaire among people with obesity [93]. GLP-1RAs have been associated with decreased neurocortical activation in response to higher rewards and food cues, particularly high-calorie foods, and lowered caloric intake and hunger levels [89]. 
GLP-1 receptors are expressed in areas intimately associated with reward regulation. Given that regulation of food and drug intake share common neurobiological substrates, the possibility that GLP-1 plays an important role in reward regulation should be considered [94]. An emerging literature demonstrates a role for the GLP-1 system in modulating maladaptive reward behaviors, including food, alcohol consumption and drug use [12]. A better understanding of the effects of increased central GLP-1 receptor activation on motivated behaviors will aid in clinical approaches toward treating aberrant feeding behaviors and/or drug dependence [95].

Alcohol use disorder
Preclinical studies in rodents showed that GLP-1 receptor activation attenuates the ability of alcohol to activate the mesolimbic dopamine system as well as decreases alcohol consumption whereas a GLP-1 receptor antagonist increases alcohol intake [13, 96-98]. Several key areas of the central nervous system have been implicated in the regulation of alcohol-related responses by GLP-1RAs in rodents : the nucleus of the solitary tract, the nucleus accumbens, the posterior tegmental area and the laterodorsal tegmental area [85]. Supportively, GLP-1RAs reduced voluntary alcohol drinking in non-human primates (vervet monkeys) [99]. A human study showed evidence that genetic variation in GLP-1 receptor is associated with alcohol addiction : the previously reported functional allele 168Ser (rs6923761) was nominally associated with AUD (P = 0.004) in a sample of the “National Institute on Alcohol Abuse and Alcoholism” research program , a finding that was partially replicated in men of the “Study of Addiction: Genetics and Environment“ sample cohort SAGE sample (P = 0.033) [100]. However, this association was not found in another human genetic study [101]; of note, however, the latter study suggested that a glucose-dependent insulinotropic polypeptide receptor polymorphism (GIPR rs1800437) may play some role in susceptibility to alcohol dependence.
A human study that used functional magnetic resonance imaging and single-photon emission computerized tomography showed that exenatide significantly attenuates alcohol cue reactivity in the ventral striatum and septal area, which are crucial brain areas for drug reward and addiction. Furthermore, exploratory analyses revealed that exenatide significantly reduced heavy drinking days and total alcohol intake in a subgroup of obese patients [102].
In a predefined secondary analysis of a double-blind, randomized controlled trial (RCT) evaluating dulaglutide as a therapy for smoking cessation, participants receiving dulaglutide drank 29% less alcohol (relative effect = 0.71, 95% CI 0.52-0.97) than participants receiving placebo at week 12. Of note, changes in alcohol consumption were not correlated with smoking status [103].
Several cohort studies showed a consistent roughly fifty percent reduction of AUD in patients treated with GLP-1RAs (mainly semaglutide) (Table 2) [104-107]. In a nationwide cohort study in Denmark that compared all new users of GLP-1RAs and dipeptidyl peptidase 4 inhibitors, initiation of GLP-1RA treatment was associated with lower risk of an alcohol-related event (HR 0.46, 95% CI 0.24-0.86) compared with initiation of DPP-4 inhibitors during the first three months of follow-up [104].
In a retrospective real-world U.S. cohort study of electronic health records of 83,825 patients with obesity and with or without a prior history of AUD, semaglutide compared with other anti-obesity medications was associated with a lower risk for both the incidence (HR 0.25, 95% CI 0.21–0.30) and recurrence (HR 0.44, 95% CI 0.38–0.52) of AUD in a 12-month follow-up period. Similar findings were replicated in the study population with 598,803 patients with type 2 diabetes mellitus (T2DM) (incidence : HR 0.56, 95% CI 0.43–0.74; recurrence HR 0.61, 95% CI 0.50–0.75). In both populations, consistent reductions were observed across different subgroups stratified by gender, age and ethnicity [105].
In another retrospective U.S. cohort, prescriptions of GLP-1RAs or GIP-GLP-1 dual agonists (tirzepatide) were associated with lower rates of alcohol intoxication in patients with a history of AUD when compared to individuals without such prescriptions (adjusted incidence rate ratio [aIRR] 0.50; 95% CI 0.40-0.63). The protective effects were consistent across various subgroups, both patients with comorbid T2DM and obesity [106].
In an observational cohort nationwide study conducted in Sweden among patients with AUD and comorbid obesity/T2DM, the uses of GLP-1RAs were associated with a substantially decreased risk of hospitalization due to AUD compared with non-use of GLP-1RAs :  aHR 0.64; 95% CI 0.50-0.83 for semaglutide and aHR 0.72; 95% CI 0.57-0.92 for liraglutide [107]. As pointed out by the Authors, this risk reduction with semaglutide was greater than that reported with officially approved AUD medications.  In that study, GLP-1RAs were associated with a substantially decreased risk of hospitalization due to substance use disorders (essentially linked to psychotropic medications) compared with nonuse of GLP-1RAs :  aHR 0.68, 95% CI 0.54-0.85 for semaglutide and  aHR 0.78, 95% CI 0.64-0.97 for liraglutide [107].
In a U.S. cohort study among 14,053 participants with obesity (86 % treated with semaglutide or tirzepatide),  45.3% reported decreasing a category of alcohol use, 52.4% reported no change and 2.3% reported an increase after a mean follow-up of 7.5 months after treatment initiation  (trend P = 0.20) [108].
In current alcohol drinkers with a body mass index >/= 30 kg/m² who self-reported either taking semaglutide, tirzepatide, or as a control group no medication to manage diabetes or weight loss (n = 153), significant reductions of self-reported intake of alcohol, drinks per drinking episode, binge drinking odds, and AUD Identification Test (AUDIT) scores were noticed with semaglutide or tirzepatide. Furthermore, in a social media study from the same group, among the alcohol-related posts, 71% were identified as craving reduction, decreased desire to drink, and other negative effects with GLP-1RA use [109].
In a small case series of six patients with positive AUD who received semaglutide for weight loss therapy, all patients had significant reduction in AUD symptomatology based on AUDIT score improvement following treatment with semaglutide [110]. Finally, insights from social media using a mixed-methods approach using various social platforms showed that overall, almost 30 % of alcohol-related comments clearly stated a cessation of the intake of alcoholic beverages following the start of the GLP-1 RAs prescription [111].
Although impressive and consistent in different studies and populations worldwide, these promising results collected in retrospective observational studies should be confirmed in well-designed dedicated RCTs [112]. Only two placebo-controlled RCTs with rather low numbers of participants were published, one testing exenatide extended release [102] and another one testing dulaglutide [103]. Although perhaps less impressive [87], overall their preliminary results confirmed the positive effects reported in observational studies [16]. Currently, at least six registered clinical trials are ongoing to evaluate the effect of semaglutide on alcohol consumption [113]. 

	Smoking cessation
One major barrier to long-term smoking abstinence is body weight gain during withdrawal. Administration of GLP-1RAs reduced nicotine self-administration and nicotine-seeking behavior in animal models [114].  Preliminary data in obese mice support the potential of GLP-1 receptor-based therapies for nicotine dependence [115, 116]. Recent animal studies demonstrate that GLP-1RAs attenuate voluntary nicotine taking and seeking and prevent withdrawal-induced hyperphagia and body weight gain [116]. In a pilot human RCT, extended-release exenatide in combination with a nicotine patch replacement therapy improved smoking abstinence compared with placebo (risk ratio [RR] = 1.70; 95% CI 0.96-3.27), reduced craving and withdrawal symptoms, and decreased weight gain among abstainers [117]. However, another trial found no differences in smoking abstinence or craving in participants treated with dulaglutide + varenicline versus placebo + varenicline after a follow-up of 12 weeks [118], a finding confirmed after 12 months [119]. In an emulation target real-world trial based on a nationwide population-based database, semaglutide was associated with lower risks for tobacco use disorder-related health care measures in patients with comorbid T2DM and tobacco use disorders compared with other antidiabetes medications (especially insulin, HR 0.68, 95% CI 0.63-0.74), including other GLP-1RAs (HR 0.88, 95% CI 0.81-0.96), primarily within 30 days of prescription [120].
The conclusion is that semaglutide might be useful in terms of smoking cessation among individuals with T2DM [121]. However, those interesting observational findings should be confirmed through dedicated, large-scale RCTs [122, 123]. Until now, only two placebo-controlled RCTs have been published with mixed results, one that tested exenatide extended release [117], the other one that tested dulaglutide [118].

	Cannabis use disorder
A retrospective cohort study from the TriNetX Analytics Network in the U.S. aimed to assess the associations of semaglutide with both incident and recurrent cannabis use disorder diagnosis compared to non-GLP-1RA anti-obesity or anti-diabetes medications using propensity-score matched patient cohorts during a 12-month follow-up. In patients with obesity, semaglutide compared with non-GLP-1RA anti-obesity medications was associated with lower risk for incident cannabis use disorder in patients with no prior history cannabis use disorder (HR 0.56, 95% CI 0.42-0.75), and recurrent cannabis use disorder diagnosis in patients with a prior history (HR: 0.62, 95% CI 0.46-0.84) [113]. Similar findings were replicated in the study population with T2DM when comparing semaglutide with non-GLP-1RA anti-diabetes medications for both incident (HR 0.40, 95% CI 0.29-0.56) and recurrent (HR 0.66, 95% CI 0.42-1.03) cannabis use disorder. While these findings provide preliminary evidence of the potential benefit of semaglutide in cannabis use disorder in real-world populations, dedicated RCTs are needed to support its use clinically for this indication [113]. Of note, the potential beneficial effects of semaglutide (and presumably other GLP-1RAs) in the management of cannabis use disorder deserve attention because currently there are no approved medications for the treatment of this addictive disorder [113].

	Cocaine use
In a systematic review of 2019, six studies carried out in rodents tested the effects of exendin-4 on cocaine use and reported positive effects [13]. Even if preclinical studies showed promising effects of GLP-1RAs against cocaine intake [15, 124], but little information is yet available regarding possible effects of cocaine use on the GLP-1 system or GLP-1 as a predisposing factor to developing cocaine use disorder [14].
Cocaine use disorder represents an increasingly prevalent public health challenge with a high relapse rate and lack of effective pharmacotherapies. Of potential interest, the efficacy of GLP-1RAs in reducing the rewarding and reinforcing effects of cocaine has been demonstrated in animal models of cocaine use disorder [125, 126]. Findings indicated that GLP-1RAs alter essential functions in the modulation of cocaine-seeking and cocaine-taking behaviors likely through multifaceted mechanisms. For instance, they appear promising in regulating dopamine release, dopamine transporter surface expression and function, mesolimbic reward system and GABAergic neurons, inflammatory cytokines, all effects that could target maladaptive behaviors in animal models of cocaine self-administration [127]. These preclinical data suggest that GLP-1RAs could be re-purposed to prevent and treat cocaine craving-induced relapse in humans [128], a hypothesis that should be tested in clinical trials [125]. A clinical report on three cases of patients with cocaine use disorder who received 6 weeks of exenatide 2 mg subcutaneously once-weekly in an open-label fashion showed overall positive end-of-study satisfaction ratings, yet mixed, although encouraging, results for cocaine use and related clinical effects were noticed [129]. An acute pretreatment with a low dose of exenatide (5 mcg; subcutaneously) versus placebo did not change cocaine infusions, self-reported euphoria, or wanting of cocaine during 3-hour human laboratory cocaine self-administration test sessions in individuals with cocaine use disorder [130]. However, limitations such as single acute rather than chronic pre-treatment preclude drawing firm conclusions about the clinical efficacy of GLP-1RAs.
	Opioid use
An emulation target trial compared the association of semaglutide versus other antidiabetic medications with opioid overdose risk in a large cohort of patients with comorbid T2DM and opioid use disorder issued from the US TriNetX Analytics Platform. After propensity score matching, semaglutide was associated with a significantly lower risk of opioid overdose during a 1-year follow-up compared with other antidiabetic medications, with HRs ranging from 0.32 (95% CI 0.12-0.89) to 0.58 (95% CI 0.38-0.87), including other GLP-1RAs (HR 0.56, 95% CI 0.36-0.87) [131]. In another US retrospective cohort, prescriptions of GLP-1RAs or GIP-GLP-1 dual agonists (tirzeptide) appeared to be associated with lower rates of opioid overdose in patients with opioid use disorder when compared to individuals without such prescriptions (aIRR 0.60; 95% CI 0.43-0.83]. The protective effects were consistent across various subgroups, including patients with comorbid T2DM and obesity [106]. 
To date, only one RCT has tested the effect of liraglutide in 20 participants with opioid use disorder (NCT04199728). Although the results have yet to be published [cited in [15]], preliminary available results demonstrated that patients with opioid use disorder undergoing treatment at a rehabilitation facility who received liraglutide reported, on average, a 40 % reduction in self-reported craving for opioids compared to the placebo group over three weeks [132]. Of course, further RCTs are necessary to corroborate these promising clinical effects of GLP-1RAs on opioid use disorders.

Discussion 
An extensive review of the literature led to consistent results all issued from observational cohort studies. Whereas bariatric surgery, especially RYGB, was associated with a (delayed) increase of addictive disorders, GLP-1RAs were associated with a significant reduction in such addictive disorders (Figure 1). These findings collected in humans with obesity (with or without T2DM) confirm a huge set of preclinical data from experiments in rodents. The most numerous observations concerned AUD, yet other addictive disorders were also affected differently by bariatric surgery and GLP-1RAs, including recreational drugs such as cannabis and cocaine. A large majority of findings were obtained in observational (both retrospective and prospective) cohort studies issued from the United States or Scandinavian countries (Tables 1 and 2). Until now, only a limited number of RCTs have been published with the aim to investigate the effects of GLP-1RAs on addictive disorders. Available results (mainly using exenatide extended release) are less convincing until now, yet perhaps due to small sample size and/or too short administration [16, 112]. However, several other RCTs (essentially testing semaglutide) are ongoing (mainly related to AUD) in order to confirm the positive and promising results reported in observational studies  [133]. 
A crucial question is how to explain the intriguing reduction in addictive disorders with GLP-1RA therapy contrasting with an increase addictive risk after bariatric surgery ?
	Bariatric surgery
The addiction transfer model has been proposed to explain the increased risk following bariatric surgery among individuals living with obesity [6-8]. The hypothesis is that a key behavior of interest (binge eating) has been replaced with a different behavior (for instance alcohol consumption abuse), because of the patients’ inability to eat large amounts of food. According to this theory, this lack of ability to eat plentiful palatable food after bariatric surgery reduces the ability of patients with obesity to regulate their emotions through this mechanism and leads them to find a new alternative behavior that could serve this purpose [6-8]. However, not fully in line with this hypothesis are the observations that the risk of shifting to other addictive disorders, especially AUD, is higher (at least double) with RYGB compared with that of restrictive procedures such as LAGB (Table 1), a difference reported in several studies that remains unexplained [32-35]. Alterations in alcohol metabolism/PK resulting from bariatric surgery have been reported, especially after RYGB [51, 53, 55, 56]. However, they are unlikely to be the only or even the primary explanation for increased alcohol use and development of AUD, as changes in brain reward processing are also likely to play an important role [25]. 
Numerous results collected through animal experiments that used a large variety of protocols and models clearly highlighted commonalities in behavioral manifestations and neurobiological alterations between food addiction characteristics and substance use disorders [12]. Preclinical studies modeling food addiction have attempted to investigate the interaction between biological and environmental factors in maladaptive behaviors toward food and drugs of abuse. Some common neurobiological substrates and alterations that could be coherently framed within the incentive salience theory of addiction have been identified [12].
Similarly, a growing body of empirical evidence in humans has demonstrated parallels between obesity, overeating, food reward, addiction and substance abuse, including shared behavioral, psychological and neurophysiological factors implicated in the excessive intake of both food and substances of abuse [7, 12]. Both obese and drug-addicted individuals suffer from impairments in dopaminergic pathways that regulate neuronal systems associated not only with reward sensitivity and incentive motivation, but also with conditioning, self-control, stress reactivity and interoceptive awareness [11].
In conclusion, it is noteworthy that the addiction transfer model remains hypothetical. Especially, mechanisms through which the addiction transfer model may operate (e.g. psychological and neurobiological changes) following bariatric surgery (especially RYGB) need to be further studied [6].
GLP-1 receptor agonists
Preclinical studies suggested that GLP-1RAs reduce alcohol/substance use. The main proposed mechanisms are related to reward processing, stress, and cognitive function, even if broader mechanisms might also contribute [15]. GLP-1 receptors are not only located in the hypothalamus and the hindbrain but also in the mesolimbic area. Mesolimbic GLP-1 receptors are able to reduce hunger-driven feeding, the hedonic value of food and food-motivation. In parallel, emerging evidence suggests that the range of action of GLP-1 on reward behavior is not limited to food-derived reward but extends to alcohol reward as well as reward of other substances [9]. Semaglutide dose-dependently reduced binge-like alcohol drinking in mice and in rats and reduced dependence-induced alcohol drinking in rats. In that study, semaglutide enhanced central GABA (gamma-aminobutyric acid) release in neurons from alcohol-naive rats, but had no overall effect on GABA transmission in alcohol-dependent rats [98]. Further animal studies established that exendin-4 modulates alcohol-mediated behaviors via activation of GLP-1 receptors in reward related areas and an area of the hindbrain [97, 134]. In rodents, liraglutide reduced withdrawal symptoms of alcohol, prevented acute alcohol to activate the mesolimbic dopamine system, and in turn reduced various alcohol drinking behaviors [97]. GLP-1 signaling attenuates the reinforcing properties of alcohol implying that the physiological role of GLP-1 extends beyond glucose homeostasis and food intake regulation [134] (Figure 2). GLP-1 exerts its effects on dopamine transmission in areas of the brain known to be involved in some of the core features of addiction, such as reward sensitivity. As such, GLP-1 could play a pivotal role in addictive disorders such as AUD [135]. This gut hormone modulates alcohol-related responses (behavioral and neurochemical) in rodents, suggesting that the alcohol reduction observed with GLP-1RAs may involve a suppression of alcohol's rewarding properties [136]. 
In individuals with obesity who completed sophisticated functional cerebral imaging, dopamine transporter availability was lower in the exenatide group compared with the placebo group. Exenatide significantly attenuated the activation of the ventral striatum (location of the nucleus accumbens) and of the septal region, which are regions that mediate drug reward and conditioning [102].
Overall, several plausible neurobiological mechanisms underlying GLP-1 emulating medications on addiction can be invoked [85]. GLP-1 receptors are expressed in the brain dopamine reward pathway, where they modulate dopamine release in the nucleus accumbens, which is crucial for food and drug reward, driving conditioning and the motivation to consume food, alcohol and other substances [137]. Additionally, because negative reinforcement drives drug-taking in addiction, as a means to escape the negative emotional state associated with drug withdrawal, GLP-1RAs could protect against stress-induced drug-taking in addictions as it does with stress-induced food consumption [111, 138, 139]. Finally, the central anti-inflammatory effects of GLP-1RAs could also be beneficial [140, 141], because there is growing recognition of neuroinflammatory processes contributing to substance use disorders [142, 143] (Figure 2).
[bookmark: _Hlk186977525]Considering these positive effects of GLP-1, one may be surprised by the negative effects of bariatric surgery, especially RYGB, on addictive disorders. Indeed, RYGB is known to increase GLP-1 concentrations [144]. Thus, how to reconcile the differences between bariatric surgery and GLP-1 RA use regarding the risk of addictive disorders ? One simple and most plausible explanation could be found in the different levels of circulating GLP-1 levels reached with the two therapeutic approaches. Indeed, RYGB results in physiological concentrations of active GLP-1 (with a peak of about 20 pmol/L 20 minutes after a meal before to come back to the basal value), whereas GLP-1RAs can produce higher concentrations of active GLP-1, reaching a stable plateau in the range of 60–70 pmol/L [145].  The lack of marked and sustained increase in GLP-1 levels after RYGB was confirmed in a meta-analysis of 24 studies with 368 patients in whom GLP-1 levels were measured pre- and post-RYGB.  Postprandial GLP-1 levels significantly increased after RYGB, yet only by a mean of about 30 %, whereas fasting GLP-1 concentrations did not change [144]. Thus, circulating levels of active GLP-1 after GLP-1RA subcutaneous injection are much higher and more sustained than those obtained after bariatric surgery, including RYGB.

Conclusion
	Both experimental studies in different animal models and human observational data in patients with obesity showed contrasting effects of two weight-loss therapeutic approaches on addictive disorders. Whereas bariatric surgery, especially RYGB, increases the risk of addiction, especially but not only AUD, GLP-1RA treatment (especially with second-generation medications like semaglutide and tirzepatide) is associated with a significant reduction in addictive disorders. Thus, human findings appear to confirm extensive preclinical data, yet they were only obtained in observational studies. Of note, no head-to-head studies that compared the effects of bariatric surgery and GLP-1RA therapy were performed to test the respective effects on addictive disorders. Thus, these promising results should be confirmed in dedicated RCTs and several of them are ongoing, especially to demonstrate a reduction of AUD with a GLP-1RA such as semaglutide. Currently, there are no official indications for prescribing a GLP-1RA to manage addictive disorders. Nevertheless, clinicians should be aware of the contrasting effects of bariatric surgery and GLP-1RA therapy on the risk of subsequent addictive disorders. If it is premature to prescribe GLP-1RAs off-label to manage patients with substance use disorders, considering the current available data collected in the literature, the therapeutic choice should prefer the use of a GLP-1RA (semaglutide, tirzepatide) in place of bariatric surgery in obese patients who want to lose weight and who are prone to some addictive behaviors. 
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Figure 1 :  Contrasting effects of bariatric surgery and GLP-1RAs on addictive disorders reported in observational cohort studies.
GLP-1RAs : glucagon-like peptide receptor agonists. RYGB : Roux-en-Y gastric bypass. 

Figure 2 :  Hypothetical mechanisms supporting the favorable effects of GLP-1RAs on addictive disorders 
CNS : central nervous system. CV : cardiovascular. GABA : gamma-aminobutyric acid. 
GLP-1R : glucagon-like peptide-1 receptor. T2DM : type 2 diabetes mellitus. ? : less well demonstrated.
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Table 1 : Bariatric surgery and alcohol use disorder (only observational studies that included > 1000 patients were considered here)
	References
	Country
	Study type
	Procedure 
(n patients)
	Follow-up  (years)
	AUD Prevalence
	Increased risk of AUD


	King et al 2012 [32]
	U.S.
	Prospective cohort
	RYGB (1360)
	2
	9.3 % (NA)
vs 7.6 % pre-surgery
	2.1 (1.4–3.1) 
RYGB vs LAGB

	Svensson et al 2013 [33]
	Sweden
	Prospective controlled cohort
	VBG (1369)
LAGB (376)
GB (265)
vs Controls (2037)
	8-22
	NA
NA
NA
	2.30 (1.45-3.66)
1.44 (0.69-3.01)
5.91 (3.40-10.39)
vs controls

	Ostlund et al 2013 [34]
	Sweden
	Retrospective population-based cohort
	GB (4161)
VBG or LAGB (6954)
	8.6
	
	2.3 (1.7-3.2)
GB vs (VBG/LAGB)

	King et al 2017 [35]
	U.S.
	Prospective cohort
	RYGB (1481)



LAGB (552)
	5
7


5
	20.8 %(18.5-23.3)
16.4 % (14.1-18.7)
vs 6.6 % (5.3-7.9) 
pre-surgery
11.3 % (8.5-14.9) 
	2.08 (1.51-2.85)
RYGB vs LAGB

	Ibrahim et al 2019 [36]
	U.S.
	Prospective cohort
	RYGB (1006) 



SG (4718)
	1
2


1
2

	6.3 % vs 7.6 %
11.9 % vs 7.6 % pre-surgery
New onset : 7.2 %
9.0 % vs 10.1 %
14.4 % vs 10.1 % pre-surgery
New onset : 8.5 %
	

	Strommen et al 2019 [37]
	Norway
	Retrospective population-based cohort
	RYGB (8196)

SG (2012)
	3.4

2.7 
	6.36 (5.45-7.36) per 1000 person-years
4.54 ((2.94-6.70)
	

	Maciejewski et al 2020 [38]
	U.S.
	Retrospective cohort study
	RYGB (8038)
SG (1455)
	8
	9.2 % [8.0-10.3]
7.9 % [6.4-9.5]
	

	Mellinger et al 2021 [39]
	U.S.
	Population-based cross-sectional
study
	RYGB (102,385)
SG (64,687)
LAGB (27,058)
	3.7
	
	1.86 (p<0.001)
1.35 (p<0.001)
1.09 (p=0.07)
vs pre-surgery

	Bramming et al 2021 [40]
	Denmark
	Prospective cohort
	Bariatric surgery 
(28 256)
	6.9
	
	7.29 (5.60–9.48)
vs controls

	Alvarado-Tapias et al 2023 [41]
	U.S.
	Population-based cross-sectional
study
	Bariatric surgery (537,757)
vs abdominal surgery
	
	3.32 % (NA)
vs 1.74 %
	

	Mahmud et al 2023 [42]
	U.S.
	Retrospective controlled cohort
	RYGB (1854)
SG (4211)
Controls (1364)
	5
	
	1.70 (1.20-2.41) RYGB vs controls
1.98 (1.55-2.53) RYGB vs SG
0.76 (0.56-1.03) SG vs controls



LAGB : Lap-adjustable gastric banding. N : number of patients. NA : not available. RYGB : Roux-en-Y gastric bypass. SG : sleeve gastrectomy. VBG:  vertical banded gastroplasty
Results are expressed as hazard ratio (± 95 % confidence interval).



Table 2 : GLP-1RAs and alcohol use disorder (only observational studies that included > 1000 patients were considered here)

	References
	Country
	Study type
	GLP-1RA
	Patients
	Prior AUD
(n patients)
	Follow-up (years)
	Risk of AUD on treatment

	Wium-Andersen et al 2022 [104]
	Denmark
	Nationwide cohort study
	GLP-1RAs vs DPP-4is
	T2DM/Obesity
	Mainly No 
(38 454)
	1
	0.62 (0.45–0.85)

	Wang et al 2024 [105]
	U.S.
	Retrospective cohort
	Semaglutide vs controls (PSM)
	Obesity
Obesity
T2DM
T2DM
	No (26,566)
Yes (1051)
No (25,670)
Yes (653)
	1
1
1
1
	0.50 (0.39-0.63)
0.44 (0.38-0.52)
0.56 (0.43-0.74)
0.61 (0.50-0.75)

	Qeadan et al 2024 [106]
	U.S.
	Retrospective cohort
	GLP-1RA or tirzepatide
	T2DM
Obesity
	Yes
Yes
	2
2
	0.51 (0.40-0.65)
0.58 (0.45-0.75)

	Lahteenvuo et al 2024 [107]
	Sweden
	Retrospective cohort
	Semaglutide
Liraglutide
	Obesity/T2DM
Obesity/T2DM
	Yes (4321)
Yes (2509)
	8.8
8.8
	0.64 (0.50-0.83) (*)
0.72 (0.57-0.92) (*)

	Miller-Matero et al 2024 [108]
	U.S.
	Retrospective cohort
	Semaglutide or tirzepatide
	Obesity 
	Both (12116)
	0.6
	0.84 (0.65-1.10)
vs metformin



(*) Requiring hospitalization
AUD : alcohol use disorder. DDP-4is :  dipeptidyl peptidase-4 inhibitors. GLP-1RAs : glucagon-like peptide-1 receptors agonists. PSM : propensity score matching. T2DM :  type 2 diabetes mellitus.
Results are expressed as hazard ratio (± 95 % confidence interval).



