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Abstract
Glucagon-like peptide-1 (GLP-1) is abundant in the circulation, and it is well-known to regulate glucose homeostasis, feeding, and body weight. 
GLP-1 receptor agonists are therefore approved for treating type 2 diabetes and obesity. However, more recent research has demonstrated that 
GLP-1 acts within the brain to modulate reward responses, thereby highlighting GLP-1 as a potential target for addiction. Specifically, preclinical 
studies demonstrated that GLP-1 receptor agonists decrease alcohol intake, reduce the motivation to consume alcohol, and prevent relapse 
drinking by potentially lowering alcohol-induced reward. These preclinical results have been confirmed and extended in human studies in 
which GLP-1 receptor agonists reduce alcohol intake in patients with alcohol use disorder (AUD) who have a regular weight or comorbidity of 
obesity or type 2 diabetes. On a similar note, genetic variations in genes encoding for the GLP-1 receptor are associated with AUD and heavy 
drinking. The central mechanisms by which GLP-1 regulates alcohol-related behaviors are not fully defined, but may involve areas central to 
reward as well as regions projecting to these reward areas, such as the nucleus tractus solitarius of the brainstem. Together, existing 
preclinical and clinical data suggest that GLP-1 is involved in the AUD process and implies its role as a tentative treatment for AUD.
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Glucagon-Like Peptide-1
The neurobiological underpinnings of alcohol use disorder 
(AUD) are complex, and the gut–brain axis has gained recent 
attention. The bidirectional communication of this axis in
cludes appetite-regulatory peptides such as glucagon-like 
peptide-1 (GLP-1). GLP-1 is produced by L-cells in the intes
tines (1) as well as preproglucagon-containing neurons of the 
nucleus tractus solitarius (NTS) (2). The physiological proper
ties of GLP-1 are vast, and include a reduction in feeding, both 
the hedonic and homeostatic aspects (for review see (3)). 
GLP-1 receptor (GLP-1R) agonists, which are approved for 
type 2 diabetes due to their regulation of glucose-dependent 
insulin secretion, have also been approved for obesity owing 
to their ability to reduce body weight in both rodents and hu
mans (for review see (3)). As GLP-1 is rapidly degraded by di
peptidyl peptidase-IV (DPP-IV), agonists at the GLP-1R with 
longer half-life have been developed. To date, GLP-1R ago
nists that are short- (exenatide, Exendin-4, Ex4; injected twice 
a day), moderate- (liraglutide, injected daily), and long-acting 
(semaglutide and dulaglutide; administered weekly) are clinic
ally available. The findings that GLP-1R is expressed through
out the body, including the brain (2, 4-6), indicate that the 
approved GLP-1R agonist may have both peripheral and cen
tral effects. As summarized in the present mini-review, central 

effect that has gained recent interest is the ability of GLP-1R 
agonists to reduce alcohol-related responses. While such find
ings were demonstrated initially in rodents, more recent stud
ies also show similar effects in humans, which is illustrated in 
Fig. 1, and references are summarized in Fig. 2. The search for 
relevant articles included in the present mini-review was based 
on keywords, and all selected articles were quality checked.

GLP-1R Agonists Reduce Alcohol Consumption 
in Animals and Man
Preclinical Studies
As escalated alcohol intake over time contributes to the devel
opment of AUD (7), the impact of GLP-1R agonists thereof 
may be of interest when identifying novel treatments for 
AUD (Fig. 1). While the initial publication revealed a reduc
tion in alcohol intake after acute systemic injection of Ex4 
(8), additional studies found a similar outcome by more long- 
acting GLP-1R agonists. Specifically, in male rats exposed to 
12 weeks of alcohol an acute Ex4 injection decreased alcohol 
consumption (8), a reduction most profound in high-alcohol– 
consuming male rats (9, 10). Moreover, a lower intravenous 
self-administration of alcohol was observed in males treated 
with Ex4 (11). Although these initial studies demonstrated a 
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treatment reduction in male rodents, more recent studies 
showed that a lower alcohol intake after Ex4 is observed in 
both group-housed male mice (12) and nonhuman primates 
(vervet monkeys) (13). Not only did the systemic Ex4 injection 
lower the alcohol intake, but also changed the drinking pat
tern. This is evident as Ex4 reduced the number of drinking 
bouts and increased the time to first drink (12). These data 
are further corroborated as local administration of Ex4 into 
the ventral tegmental area (VTA) prevented the ability of ghre
lin, a well-known orexigenic peptide, to increase alcohol in
take in the intermittent access model as well as the operant 
responding for alcohol (14). Long-term alcohol consumption 
is associated with other negative health consequences, includ
ing hepatic steatosis, another aspect improved by Ex4 (15).

In addition to Ex4, the moderate-acting GLP-1R agonist, 
liraglutide, decreased the alcohol intake and alcohol prefer
ence across species, as the intake was lower after liraglutide 
in male rats (16), male mice (16, 17), and nonhuman pri
mates (vervet monkeys) (13). Moreover, these effects are ob
served after both acute and repeated liraglutide injections 
(13, 16, 17).

Dulaglutide was the first long-acting GLP-1R agonist dem
onstrated to reduce alcohol consumption in male and female 
rats, with more beneficial treatment effects in males than in fe
males (18). Specifically, both lowered alcohol intake and pref
erence were found during 5 or 9 weeks of weekly dulaglutide 
treatments, and the treatment effect was sustained for an add
itional 3 weeks beyond treatment discontinuation (18). The 
second long-acting GLP-1R found to impact alcohol intake 
was semaglutide, also known by the brand names Ozempic 
and Wegovy. The beneficial effects of semaglutide include its 
higher affinity and potency at the GLP-1R as well as its avail
ability as a weekly per-oral formulation (for review see (19)). 
An initial study revealed lower alcohol intake in male rats 
treated acutely with semaglutide than in those treated with ve
hicle (17). Subsequently, acute and repeated injections of sem
aglutide dose-dependently reduced alcohol intake and the 
preference for alcohol in both male and female rats, an effect 
more profound in females (20, 21). On a similar note, 

semaglutide lowered binge drinking in mice and rats (22) 
and alcohol intake in alcohol-preferring male vervet monkeys 
(23). It should be further noted that the long-acting agonist 
has the most profound effect without causing tolerance devel
opment (16, 18, 20, 24).

These preclinical data demonstrated a critical role for 
GLP-1R in controlling alcohol consumption, but the impact 
of GLP-1 has been less studied. Obtained data on circulating 
GLP-1 are contradictory. Indeed, systemic injection of 
GLP-1 reduced alcohol intake (9), whereas alcohol intake re
mained unchanged after the elevation of endogenous GLP-1 
levels, achieved either by enhancing the release or by decreas
ing degradation (though inhibition of DPP-IV) (17). On the 
other hand, no studies have so far explored the ability of en
hanced central GLP-1 release to influence alcohol intake in ro
dents. Yet another approach has been used to study the impact 
of endogenous GLP-1 within the brain on alcohol intake, in 
which endogenous GLP-1 release is blocked by local infusion 
of a GLP-1R antagonist (Ex9). Specifically in these studies, lo
cal infusion of a GLP-1R antagonist (Ex9) has been found to 
elevate alcohol intake (9, 17), indicating that central endogen
ous GLP-1 may regulate alcohol drinking. However, future 
studies using central vs peripheral DPP-IV inhibitors are war
ranted to disentangle the impact of and tentative discrepancy 
between central and peripheral GLP-1 on alcohol intake.

While escalated alcohol intake over time is an important as
pect of AUD, the motivation to consume alcohol is another 
central factor for AUD that is reduced by GLP-1R agonists. 
Supportively, Ex4 dose-dependently (25) diminished the drive 
to consume alcohol of male rats when tested in the operant 
self-administration model (8, 25). On a similar note, systemic 
Ex4 administration reduced operant self-administration of al
cohol in male mice, whereas the ability of Ex4 to lower the 
motivation to consume alcohol was less pronounced in female 
mice (26). On a similar note, seeking alcohol in the progressive 
ration test was attenuated by systemic Ex4 injection in rats (8) 
and male mice (26), whereas Ex4 did not influence the 
alcohol-seeking female mice (26). Together these data further 
highlight the sex-diverging differences related to GLP-1R 

Figure 1. Schematic illustration on preclinical and clinical studies. Summary of how GLP-1 receptor (GLP-1R) agonists influence alcohol-related 
responses in animals (to the right) and humans (to the left). AUD, alcohol use disorder; AUDIT, Alcohol Use Disorders Identification Test; ↓ decrease. 
The illustration was created with BioRender.com.

2 Endocrinology, 2025, Vol. 166, No. 4

https://BioRender.com


agonists and alcohol. The mechanisms underlying these ob
served sex differences in response to GLP-1R agonists are 
not yet fully understood but may be linked to sex hormones. 

Research suggests that estrogen can affect responses to 
these agonists in studies on feeding behavior (27, 28). 
Additionally, pharmacokinetic differences and sex-specific 

Figure 2. Summary of preclinical and clinical references. Summary of preclinical and clinical studies demonstrating that GLP-1 receptor (GLP-1R) 
agonists reduce alcohol-related outcomes in animals and humans, including the references linked to these studies. Ex4, Exendin-4.
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molecular mechanisms may also be significant factors. 
Moreover, GLP-1R expression may vary between sexes, in
cluding differences in specific brain regions and cell types 
within those regions. As Ex4, liraglutide suppressed the mo
tivation to consume alcohol in alcohol-preferring male rats 
(sP rats) when it is being injected repeatedly (16).

Another factor substantially contributing to the complexity 
of AUD is relapse drinking, which is commonly observed after 
periods of abstinence (ie, white periods). In animals, this can 
be studied using the alcohol deprivation model in which alco
hol is deprived before being reintroduced. Using this model, 
acute systemic injection of Ex4 prevented relapse drinking in 
male rats (16) as well as socially housed male mice (12). 
Likewise, in male mice relapse drinking was suppressed by lir
aglutide (29), AC3174, another GLP-1R agonist (24), and by 
semaglutide (20). During withdrawal, both mice and rats dis
play abstinence symptoms that are alleviated by systemic in
jection of liraglutide (29, 30). While the motivation to 
consume alcohol and relapse drinking has not been studied 
in relation to central GLP-1, elevation of GLP-1 in the periph
ery (by DPP-IV inhibitor) has been found to diminish the ab
stinence symptoms observed during withdrawal (31).

In summary, these preclinical studies revealed that GLP-1R 
agonists lowered alcohol intake, the motivation to consume 
alcohol, alcohol-seeking, relapse-drinking, and abstinence 
symptoms (Figs. 1 and 2). Moreover, these effects are ob
served by all tested GLP-1R agonists and across different 
strains, species, and sexes. While these preclinical studies re
veal that the receptor controls these AUD-related behaviors, 
future studies should explore the impact of GLP-1 in the blood 
and brain for such behaviors.

Clinical Studies
While these preclinical studies have pinpointed that GLP-1R 
activation controls various aspects of the AUD cycle, more re
cent clinical studies have revealed an effect on alcohol con
sumption in humans (Fig. 1). The first link between GLP-1R 
and alcohol was observed in a small, preliminary pilot study 
of patients with type 2 diabetes who self-reported lower alco
hol intake after liraglutide treatment (32). Further evidence 
was provided by a human genetic study in which an associ
ation between single nucleotide polymorphisms (SNPs) of 
the GLP-1R genes and AUD diagnosis was demonstrated in 
2 separate population cohorts of patients with AUD with 
regular weight (24). This study further revealed a positive cor
relation between SNPs of the GLP-1R genes and intravenous 
self-administration of alcohol and breath alcohol concentra
tions in alcohol-consuming individuals (24). Others later cor
roborated these human genetic findings in a population of 
regular-weight individuals with low- and high-risk alcohol con
sumption, since an association between polymorphisms of the 
GLP-1R gene and Alcohol Use Disorders Identification Test 
(AUDIT) scores was found (33). One brain area of interest 
for the interaction between GLP-1R and alcohol was the hippo
campus, as the expression of GLP-1R therein was higher in pa
tients with AUD than in controls (34). Furthermore, the right 
globus pallidus blood oxygen level–dependent response to 
monetary reward was associated with SNPs in the GLP-1R 
genes in alcohol-consuming individuals (24). A randomized 
clinical trial provided further evidence of the interaction be
tween GLP-1 and alcohol, as daily injections of exenatide 
caused a reduction in alcohol intake in overweight patients 

with AUD, an effect not observed in individuals with regular 
weight (35). On a similar note, a randomized clinical trial as
sessed dulaglutide’s effectiveness in reducing alcohol intake 
among smoking patients with AUD who varied in weight but 
were predominantly obese (36). In this study, the alcohol intake 
was decreased by 12 weeks of dulaglutide treatment, an effect 
obtained independent of smoking status, baseline alcohol con
sumption, or body weight (36). The interaction between 
GLP-1R and alcohol was further found in a nationwide cohort 
study investigating the risk of alcohol-related events in patients 
with a prescription of GLP-1-based therapies (37). This 
register-based study revealed that the alcohol-related events 
were lowered by GLP-1R agonists than in DPP-IV inhibitors 
(37). However, the impact on weight was not reported in this 
study, including both individuals with type 2 diabetes or with 
obesity (37). Furthermore, a social media study analyzing an
onymous online reports demonstrated that individuals, without 
reported weight, on GLP-1R agonist treatment self-report a 
lower incidence of desire to consume alcohol, interest in alco
hol, and alcohol consumption (38). Similarly, machine learning 
analysis of social media posts revealed that semaglutide reduced 
alcohol-related posts—such as expressions of desire, craving, 
and negative effects—among overweight individuals and those 
with type 2 diabetes who consume high levels of alcohol (39). 
Furthermore, binge drinking, AUDIT scores, and self-reported 
alcohol intake were reduced by semaglutide compared with 
both the control group and the baseline measurements taken 
before treatment initiation in overweight individuals with 
high alcohol intake (39). The observed reduction in alcohol in
take in these overweight patients consuming high amounts of 
alcohol might be associated with semaglutide’s ability to reduce 
alcohol’s stimulatory and sedative effects (39). In a small sam
ple of overweight patients with AUD comorbidity, semaglutide 
lowered the AUDIT scores (40). While most of these studies re
port that GLP-1R agonists profoundly reduce alcohol drinking 
in overweight patients with AUD, the outcomes in individuals 
of regular weight are understudied. Therefore, the effects of 
these GLP-1R agonists on alcohol intake in individuals with 
regular weight vs obesity should be compared in randomized 
clinical trials. It should be further noted that there are some 
discrepancies in the preclinical and clinical work conducted 
so far, as animals of regular weight and mostly humans with 
overweight have been studied. It is therefore arguable that add
itional preclinical studies in overweight animals should be con
ducted. Since these preclinical and clinical studies are still in the 
early stages, firm conclusions about which patient groups may 
respond best remain undetermined. One could however specu
late that appetite-regulatory peptides, known to regulate 
feeding and alcohol intake, are more important in a subpopula
tion of patients with obesity and AUD comorbidities rather 
than other subtypes.

While the impact of elevated endogenous GLP-1 levels on 
alcohol intake has not been studied, 1 study revealed that 
the GLP-1 levels are similar between control and patients 
with AUD (41) and that alcohol ingestion (peroral and intra
venous) reduces GLP-1 in serum (34). Additionally, in a 
placebo-controlled crossover study in women, alcohol inges
tion lowered the circulating levels of GLP-1 independent of 
the body weight (42).

Conclusively, these human data reveal that GLP-1R ago
nists reduce alcohol intake and alcohol-related events in indi
viduals who heavily drink alcohol or are alcohol dependent 
(Fig. 2). While most of these studies demonstrate an effect in 
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overweight individuals or those with type 2 diabetes, the im
pact of weight on treatment response remains to be elucidated 
in detail. Although a reduction in alcohol intake is observed 
after GLP-1R activation, the specific neuronal circuits and 
mechanisms underlying this effect remain to be defined in hu
mans, as they also do in rodents.

Tentative Causes of the Reduced Alcohol 
Intake by GLP-1R Agonists
It has been demonstrated that alcohol’s rewarding properties 
contribute to escalated alcohol consumption as well as relapse 
drinking (for review see (7)) and possess an enhanced risk of 
later AUD diagnosis (43). It has therefore been speculated 
that alcohol’s rewarding properties are suppressed by 
GLP-1R agonists and that this contributes to a reduction in al
cohol consumption. This hypothesis is mainly supported by 
preclinical studies reflecting alcohol’s rewarding properties 
(Fig. 1), including dopamine release in the nucleus accumbens 
(NAc), locomotor stimulation, and reward in the conditioned 
place preference test (44-48).

Ex4 was the first GLP-1R agonist found to attenuate alco
hol’s rewarding properties in male mice, as systemic adminis
tration of Ex4 blocked the alcohol-induced dopamine release 
in NAc (8), locomotor stimulation (8), and reward in the con
ditioned place preference test (8, 9). It was thereafter shown 
that both liraglutide (16) and semaglutide (20) suppress the re
warding properties of alcohol. These findings translate to 
overweight patients who consume alcohol, as alcohol’s stimu
latory effects are attenuated by semaglutide in this patient 
population (39).

Suppression of memory of alcohol’s rewarding properties is 
another aspect of importance for the manifestation of AUD. 
Indeed, both Ex4 and GLP-1 blocked the memory of alcohol 
reward in the CPP test; liraglutide did not influence this behav
ior (8, 9, 16), but diminished the memory impairments ob
served at long-term alcohol exposure (29).

Another tentative factor that might influence the treatment 
outcome is the ability of higher doses of GLP-1R agonist to 
cause nausea (49). Malaises is however an unlikely contribut
ing factor to reduced alcohol intake as lower doses without 
nauseating properties (49-54) that do not condition for aver
sion (51) or influence water intake were used in the alcohol 
studies. Sedation and anhedonia are other unlikely factors 
contributing to reduced alcohol intake as neither of the 
GLP-1R agonists influences locomotor activity or dopamine 
in the NAc shell per se. Although higher doses of GLP-1R ag
onists alter plasma corticosterone (55), the GLP-1R agonists 
used in the alcohol studies were in a dose range that does 
not alter corticosterone in plasma (56, 57). Another tentative 
factor that might contribute to reduced alcohol intake are 
changes in alcohol metabolism, although unlikely as neither 
Ex4 nor liraglutide influences the blood alcohol concentra
tions obtained after alcohol injection (8, 16).

Brain Regions of Interest
Most studies exploring mechanisms that might contribute to 
GLP-1R agonists’ ability to reduce alcohol-related behaviors 
have used Ex4. As such, findings from central and peripheral 
GLP-1R knockout mice concluded that Ex4 acts via central 
GLP-1R (58). Specifically, the ability of systemic Ex4 to re
duce alcohol intake was diminished in mice with a knockout 

of central but not peripheral GLP-1R, whereas the opposite 
was seen for food intake suppressed by Ex4 (58). Several 
GLP-1R-expressing brain regions appear important for the 
interaction between alcohol and GLP-1R, where initial studies 
focused on brain regions central to reward.

One of these is the laterodorsal tegmental area (LDTg); 
when infused into LDTg, Ex4 ablated the alcohol-induced re
ward and lowered alcohol consumption (59). The VTA is a 
heterogeneous region targeted by cholinergic projections 
from the LDTg, and different subparts of the VTA appear to 
modulate alcohol-related responses differently. Indeed, local 
infusion of Ex4 into the anterior region did not affect any 
alcohol-related behaviors, whereas infusion into the posterior 
region modulated some but not all of these responses (9, 59- 
61). Dopaminergic neurons of the VTA project to the NAc, 
and GLP-1R expressed in this area seems to participate in 
modulation of alcohol-related responses. Specifically, both 
fluorescently tagged Ex4 (62) and semaglutide (20) were 
detected in this region when administered systemically. 
Moreover, the rewarding properties of alcohol, alcohol intake 
(59), and operant self-administration of alcohol (63) were 
suppressed after Ex4 infusion into this area. Further support 
was provided from electrophysiological recordings of NAc 
slices, in which both Ex4 and liraglutide, but not dulaglutide, 
reduced excitatory neurotransmission in the NAc, without 
affecting inhibitory neurotransmission (64). While the neuro
transmitters in the NAc participating in the suppressed 
alcohol-related responses remain to be characterized in 
detail, recent studies have found that both semaglutide and 
Ex4 enhance the metabolism of dopamine (20) and that 
Ex4 reduces the release of the neuromodulators serine, 
glycine, and taurine (65).

While GLP-1R in reward-related areas has been found to 
modulate alcohol-related responses, other regions protecting 
these reward areas may be of relevance. One of these is the 
NTS, known to express GLP-1R and project preproglucagon 
(a marker of GLP-1 production) containing neurons to areas 
central to the reward (eg, LDTg, VTA, and NAc) (66). 
Administering Ex4 directly into the NTS of male rodents 
successfully diminished the rewarding effects of alcohol and 
led to a marked decrease in their alcohol intake (67). 
GLP-1R-expressing brain regions that regulate alcohol-related 
responses also include the lateral hypothalamus, lateral sep
tum, and hippocampus (29, 63). On the contrary, activation 
of GLP-1R in the arcuate nucleus, paraventricular nucleus, 
basolateral amygdala, or putamen did not regulate alcohol- 
related responses and may thus be less important to control 
alcohol’s effects (60, 63). It should however be emphasized 
that GLP-1Rs are expressed throughout the brain, and add
itional GLP-1R-expressing brain regions may control alcohol- 
related responses, a tentative subject for future studies. 
It should be further emphasized that GLP-1R in these brain 
regions has been identified as important for alcohol-related re
sponses through studies involving localized brain infusions. 
Moreover, it should be considered that the ability of GLP-1R 
agonists to pass the blood–brain barrier varies, and their abil
ity to activate different brain regions may vary (68, 69). It is 
also plausible that the different GLP-1R agonists do not target 
areas identified by local infusions, and this should be eluci
dated in future studies. Another factor that might influence 
the regions targeted by the GLP-1R agonist is that blood–brain 
penetration is influenced by exposure to alcohol. Future stud
ies should therefore address the possibility that the different 
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GLP-1R agonists act via different neuronal circuits to regulate 
alcohol-related responses in alcohol-naïve vs alcohol-exposed 
rodents.

Summary and Future Directions
While these preclinical and clinical studies show promising 
outcomes of GLP-1R agonists on alcohol-related responses, 
the ability of each of these agonists to reduce alcohol con
sumption in overweight and regular-weight patients with 
AUD should be tested in randomized clinical trials, an aspect 
currently being investigated in several studies using semaglu
tide. Given the positive outcomes observed in rodents at low 
doses, this effect should be evaluated in detail in humans, rais
ing the possibility of fewer side effects associated with using 
low doses. Although more recent preclinical studies have in
cluded female studies, this aspect has been omitted to a large 
extent, raising the need for additional studies on female sub
jects. It should be further noted that GLP-1R agonists decrease 
the intake of various drugs of abuse in rodents (for review see 
(70)) and that the use of multiple drugs is common (for review 
see (71)). Together these findings raise the possibility that the 
GLP-1R agonists may reduce the intake of several addictive 
drugs, which is a tentative subject for future studies. 
Although the single use of 1 gut–brain peptide has beneficial 
effects, more recent studies reveal that combining gut–brain 
peptides synergistically reduces body weight, thereby trans
forming the treatment of obesity (72). However, the effects 
of gut–brain peptide combinations on alcohol-related re
sponses remain largely unexamined, and future studies should 
investigate this potential interaction.
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