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ABSTRACT

Addictive disorders are oftendifficult to treatand show high relapse rates.
Particularly, alcohol use disorder presents a major treatment challenge
leading to severe physical and mental health impacts. So far,
pharmacologicaltreatmentoptions are limited. Agonists of the glucagon-
like peptide-1 receptor are anti-hyperglycemic and weight-reducing
drugs that have anti-inflammatory properties and can modulate brain
reward pathways. Mounting evidence suggests that glucagon-like
peptide-1 receptor agonists may have the potential to treat addictive
disorders. Preclinical research demonstrated that glucagon-like
peptide-1 receptor agonists influence addiction primarily by reducing
dopaminergic activation in brain reward pathways. The aim of this review
is to give an insight into the neurobiological mechanisms by which
glucagon-like peptide-1 receptor agonists influence addiction and to
evaluate their effectiveness across differentsubstance use disorders and
behavioral addictions in humans.
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1. The burden of addictive disorders

Substance addiction is characterized by arecurrent
desire to continue taking a psychoactive substance
despite negative consequences’. Alcohol use
disorder(AUD)is the mostprevalentsubstance use
disorder (SUD) worldwide, with higher rates in
high-income countries?“. The mostcommon drug
use disorders are cannabis dependence and opioid
dependence, while amphetamine dependence
and cocaine dependence areless common?. To the
bestof our knowledge, SUDs, particularly AUD, are
often difficult to treat, have a high relapse risk, lead
to severe physical and mental health impacts, and
contribute essentially to the burden of global
disease®®. There is a very high prevalence of
alcohol-associated liver disease (ALD) and alcohol-
associated cirrhosis in individuals with AUD’. Up to
50% of people with ALD are also suffering from
obesity8. Overthe last 20 years there was a 14.66%
increase in AUD, a 38.68% increase in ALD, and a
94.12% increase in alcohol-attributable primary
liver cancer prevalence worldwide?. AUD s
strongly associated with other mental illnesses,
particularly with mood disorders'®'2. Their co-
occurrence as dual disorders may affect their
course, severity and treatment outcomes’®. There
is evidence that AUD is associated with a higher
mortality and suicide risk'*'*. A recent meta-
analysis indicated that alcohol use is associated
with a 94% increase inthe risk of death by suicide™.

To date, only a few medications have been
approved to treat AUD, the NMDA-modulator
acamprosate, the acetaldehyde dehydrogenase
inhibitor disulfiram, and the opioid antagonists
naltrexone and nalmefene. Medications to treat
AUD in combination with behavioral treatment
have shown a modest effect in reducing alcohol
consumption and improving abstinence rates®™.
Medication for AUD is often prescribed with
caution and still underutilized because of adverse
events, no long-term efficacy, malcompliance, and
high withdrawal rates''”. Therefore, there is a high
need for a better understanding of the
neurobiological mechanismsinvolved in AUD and
further investigation of new treatment targets for
the development of novel pharmacotherapies to
treat AUD safely and effectively.

Mounting evidence suggests that agonists of the
glucagon-like peptide-1 receptor (GLP-1RAs) may
have a great potential to treat addictive disorders
by targeting brain reward pathways®'. The aim of
this review is to give an insight into the
neurobiological mechanism of action of GLP-1RAs
in addictive disorders and to evaluate their
effectiveness across different substances and
addictive behaviors.

Table 1: Common substance and behavioral addictions

Common Substance Addictions

Common Behavioral Addictions

Alcohol Gambling
Nicotine Food
Cannabis Work
Opioids Sex
Stimulants (cocaine, amphetamine) Gaming
Hallucinogens Internet

Sedative and Tranquilizer

Social media

Caffeine

Shopping

2. Neurobiological mechanisms by
which glucagon-like peptide-1 receptor

agonists influence addiction

To the best of our knowledge, SUDs are
characterized by a dysregulation in dopaminergic
signaling within the mesolimbic reward system,
leading to compulsive drug use despite negative
consequences'? %,

GLP-1RAs are an innovative class of antidiabetic
agents that have also shown greateffectiveness in
reducing body weight and cardiovascular risk. Due
to their anti-inflammatory and antioxidative
properties, GLP-1RAs may provide great
therapeutic  potential ~ with  broad clinical
implications. The most commonly used GLP-1RAs
are exenatide, dulaglutide, liraglutide, and
semaglutide, differing in their molecular structures
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and half-lives. Tirzepatide is the newest GLP-1RA
with an additional agonism on the glucose-
dependentinsulinotropic polypeptide receptor.

GLP-1is an incretin hormone that is synthesized in
the intestine and central nervous system (CNS) and
stimulates postprandial insulin secretion. GLP-
1RAs have the same mechanism ofaction. They are
able to cross the blood-brain barrier (BBB) and
exerta directeffecton brain function. Neurons with
GLP-1 receptors are distributed along addiction-
relevant brain areas, such as the prefrontal cortex,
the ventral tegmental area, the
accumbens, and hypothalamic subnuclei?'?2. Their
activaton has an impact on glutamatergic,
dopaminergic, and GABAergic neurotransmission?.
Shared neural mechanisms between the food
reward system and AUD pathways are well
established?*?4, There is evidence from animal
models that GLP- 1RAs have a modulating effecton
the release of hunger- and reward-related
neurotransmitters  in  the  striatum  and
hypothalamus?. A recentanimalstudy showedthat
semaglutide can bind to the nucleus accumbens,
decreasing alcohol-induced dopamine increase in
alcohol-drinking rats?. Thus, GLP-1RAs may
influence  addiction primarily by reducing
dopaminergic activation in brain reward pathways,
thereby attenuating the pleasurable effects and
cravings for psychoactive substances???42’.

nucleus

It is well established that GLP-1RAs have anti-
inflammatory properties?®*. The treatment with
GLP-1RAs leads to a reduction of microglial
activation, resulting in a decrease ofthe production
of pro-inflammatory cytokines®'. Through anti-
infammatory effects GLP-1RAs can reduce
neuroinflammation and oxidative stress andhelp to
restore brain function disrupted by chronic
substance abuse, especially in reward pathways®.
As GLP-1RAs have an impacton the hypothalamic-
pituitary-adrenal (HPA)-axis, they can reduce
cravings for addictive substances and stress-
induced relapses®.

3. Theimpactof glucagon-like
peptide-1 receptor agonists on

substance usedisorders

A recent double-blind randomized controlled trial
(RCT) that investigated the effect of exenatide
once weekly in combination with standard

cognitive-behavioral therapy on AUD showed that
the treatmentwith exenatide for 26 weeks did notlead
to a significant reduction of heavy drinking days
compared to placebo*. However, in a subgroup of
patients with obesity (BMI = 30 kg/m?) a significant
reduction in heavy drinking days (p = 0.034) and
total alcohol intake was detected. In addition, a
significant attenuation of fMRI alcohol cue
reactivity in the ventral striatum and septal area,
which representimportant brain areas for reward
and addiction, was found in patients treated with
exenatide®'. A double-blind RCT showed thatafter
12 weeks of treatment, participants receiving
dulaglutide consumed 29% less alcohol than
participants on placebo®. The study population
was rather obese (BMI = 30 kg/m?) and the major
part of participants sufferedfrom mild or moderate
AUD. The subgroup of heavy drinkers was too
small to provide valuable results®. A very recent
double-blind RCT revealed that 9 weeks of low-
dose semaglutide treatment significantly reduced
the amount of daily drinks and weekly alcohol
craving®*. However, the study examined a small
sample during a short treatment duration, and
AUD severity was mild to moderate*. Several other
studies indicated that GLP-1RAs may lead to a
reduction of alcohol consumption®-3?, cannabis
use®, nicotine consumption*'*?, opioid use*?, and
cocaine use*. The RCT by Yammine et al. (2021)
showedthat exenatide led to a significantly greater
abstinence rate, reduction of craving and withdrawal
symptoms, and lower post-cessation weight than
placebo in persons suffering from nicotine
dependence. Another recent RCT indicated that
after treatment with dulaglutide, craving for
smoking declined without a significant difference
to placebo*. Dulaglutide significantly decreased
post-cessation weight compared to placebo®. A
recent retrospective cohort study revealed that
semaglutide was associated with a significantly
lower risk for incident cannabis use disorder
diagnosis (CUD) in patients with no prior history of
CUD and a significantly lower risk for recurrent
CUD in patients with a prior history of CUD
compared to non-GLP-1RA anti-diabetes medications
in patients with type 2 diabetes and/or obesity for
a 12-month follow-up period®. A recentretrospectve
cohort study indicated that patients with GIP/GLP-
1RA prescriptions had significantly lower rates of
opioid overdose in persons with opioid use
disorder®. A case series showed thatthe treatment
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with 2 mg exenatide for 6 weeks was safe and led
to decreased cocaine craving and positive affect in
3 patients with cocaine use disorder*’. These
retrospective findings are very promising and
suggest the conduction of larger clinical trials to
investigate the effects of GLP-1RAs inpatients with
cannabis, cocaine, and opioid use disorders.

4. The effectof glucagon-like
peptide-1 receptor agonists in
behavioral addictions

Behavioral addiction is characterized by a
persistent urge to engage in a behavior that
produces natural reward'. Behavioral addictions
include pathological gambling, food addiction,
pathological gaming, excessive shopping, and
work and sex addiction’ (see figure 2). Addictive
behaviors can be just as disruptive as substance
addictions, causing cravings, withdrawal, and
affecting daily functioning, quality of life,
relationships, and self-esteem.

There is evidence that GLP-1RAs are showing
promise in treating not just substance addictions
but also behavioral addictions by targeting shared
neurobiological mechanisms involved in reward
and motivation®. GLP-1RAs targetthe mesolimbic
dopamine system, reducing dopamine release in
reward centers, thereby decreasing motivation,
cravings, and impulses for addictive behaviors?*®.
Moreover, GLP-1RAs have strong effects on central

satiety by activating receptors in the gutand in the
brain, especially in the hypothalamus and the
brainstem, reducing appetite, increasing satiety,
dampening cravings, leading to reduced food
intake and weight loss*.

A recentretrospective study explored the effects
of GLP-1RAs on substance and behavioral
addictions by analyzing data from various social
platforms, including 5859 threads and comments
about  GLP-1RAs*. Regarding behavioral
addictions, 21.35% of comments reported a
compulsive shopping cessation®. During the
treatment with GLP-1RAs, an increase in sexual
drive and libido was observed in several users®. A
recent observational study showed that after 4
months of treatment with semaglutide, the
prevalence of food addiction decreased from
57.5% to 4.2% (p < 0.001) suggesting that
semaglutide is an effective medication to improve
food addiction in people with obesity*’. There is
evidence that patients receiving semaglutide
showed a significant improvementin binge eating
disorder compared to patients treated with other
anti-obesity medications*®.

Therefore, GLP-1RAs offer a novel approach to
addiction, showing potential for both SUDs and
behavioral addictions. There is a need for larger
clinical trials to better understand their way of
action and to investigate their long-term safety and
efficacy in addiction treatment.

Table 2 Clinical studies on the use of glucagon-like peptide-1 receptor agonists in patie nts with addictive disorders

Addictive GLP-1RA/
tud tudy Desi le si t
Study Study Design Sample size disorder Control Outcomes
Exenatide 5mcg
once 3 hours No significant difference in
Angarita et al., RCT 13 Cocaine use before cocaine | cocaine infusions,  self-
20214 disorder self-admini- reported  euphoria, and
stration / cocaine craving.
Placebo
Alcohol 29.75% of alcohol-related,
caffeine’ 22.22% of caffeine- related,
Retrospective o 23.08% of nicotine-related
5859 threads nicotine, .
study from and cannabis comments stated cessation
Arillotta et al., | social media comments . chostirrlw GLP-1RAs (not | of the substance following
2024% using a mixed- PsY specified) GLP-1RAs  use. Limited
were - lants, . .

methods extracted <hoboin results for cannabis, cocaine
approach spez 9 and psychostimulants. 21.35%
drive/libido of comments  reported
compulsive shopping
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Addictive

GLP-1RA/

Desi le si
Study Study Design Sample size disorder Control Outcomes
cessation. Libido increased
in some cases.
Semaglutide  significantly
reduced alcoholconsumption
Semaglutide during a post-treatment
Hendershot et RCT 2a/24 AUD 0.25-1mg laboratory self-administration
al., 2025% weekly, 9 weeks | task p=0.01, drinks per
/ Placebo drinking day p=0.04, alcohol
craving p=0.01, and heavy
drinking overtime p=0.04.
No significant difference in
AUDIT-scores, heavydrinking
Klausen et al Exenatide 2mg | days, and suicidal behavior;
“ N RCT 62/65 AUD weekly, 26 Significant  reduction in
2022 s .
weeks / Placebo | heavy drinking days only in
patients with BMI = 30
kg/m? p=0.034
) fold et al Nicoti 1I;)u|ag|ut|dlj Craving forsmoking declined
engsfeldetal, icotine .Smg weekly, . g )
2023% RCT 127/128 dependence 12 weeks / without a significant difference
to placebo.
Placebo
. Prospective Semaglutide Prevalence of food addiction
Nicolau et al., . Food S o
20244 observational 113 addiction weekly, 4 diminished from 57.5% to
study months 4.2% p<0.001.
Dulagluti
Probst et al Nicotine 15;ag;;S§ Dulaglutide led to a
N RCT 76/75 dependence ~mS Y significant  reduction  of
2023% 12 weeks / .
; AUD alcohol intake p=0.04.
Placebo
Patients with GIP/GLP-1RA
747 with iptions had signifi
Qeadan et al., | Retrospective >03 i OUD and GIP/GLP-1RA | Prescriptions a<?is.|gn| icanty
20254 cohort stud OuUD 817309 AUD rescriotion lower rates of opioid overdose
Y with AUD P P and alcohol intoxication
compared to those without.
Semaglutide Significantly Iower. self-
reported alcohol intake,
1mg weekly, , L .
Quddos et al,, | Retrospective Current tirzepatide drinks per drinking episode,
8 N P 56/50/47 alcohol P binge drinking odds, AUDIT-
2023 cohort study i 7.5mg weekly, = . .
drinker scores in the semaglutide or
30 days/no tirzepatide group compared
medication P Irotp P
to control group.
ignificant reduction in AUD
Richards et al., | Retrospective Semaglutide Significant reduction in AU
s , 6 AUD symptoms based on AUDIT
2023 case series weekly
score p<0.001.
Semaglutide was associated
with a significantly lower risk
. Semaglutide for incident CUD diagnosis
Retrospective . . . .
W ¢ al hort stud 85223 once weekly/ | in patients with no prior
an?o et ak conorts u.y o . CuD non-GLP-1RA history, and a significantly
2024 of electronic with obesity . . .
anti-obesity lower risk for recurrent CUD

health records

medications

diagnosis in patients with a
prior history for a 12-months
follow-up period.
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Addictive GLP-1RA/
Desi le si
Study Study Design Sample size disorder Control Outcomes
Semaglutide was associated
with a significantly lower risk
. for incident CUD disorder
Retrospective Semaglutide diagnosis in patients with no
W ¢ al n rlto wd 596.045 once weekly / ] h tp q
an490 et al.| conortsi _y with type 2 non GLP-1RA p.rlor_ Istory, ar7 @
2024 of electronic . o significantly lower risk for
diabetes anti-diabetes . .
health records o recurrent CUD diagnosis in
medications . . . .
patients with a prior history
for a 12-months follow-up
period.
) Exenatide led to a
Exenatide 2mg L . )

. L significantly higher abstinence
Yammine et al, RCT 41/41 Nicotine weekly, 6 weeks ate. reduction of cravin
20214 dependence | + NRT / Placebo " J

and withdrawal, and lower
+ NRT . .
post-cessation weight.
T fe, feasibl
Yammine etal, | Retrospective Cocaine use Exenatide 2mg reatment was sate, eas@e
w ] 3 ] and led to decreased cocaine
2023 case series disorder weekly, 6 weeks . »
craving and positive affect.

Legend: AUD:alcoholuse disorder; CUD: cannabis use disorder; GIPR: glucose-dependentinsulinotropic polypeptide-1 re ceptor;
GLP-1RA: glucagon-like peptide-1 receptor agonist; NRT: nicotine replacement therapy; OUD: opioid use disorder; RCT:

randomized controlled trial.

5. Conclusion

Growing evidence suggests that GLP-1RAs are
promising addiction treatments by influencing
crucialinterconnectedneurobiologicalmechanisms
contributing to addiction, such as brain reward
pathways, the HPA-axis, and neuroinflammation®%%,

Preclinical research demonstrated that GLP-1RAs
influence  addiction primarily by reducing
dopaminergic activation in brain reward pathways,
thereby reducing the pleasurable effects,
substance-seeking behavior, and cravings for
various psychoactive substances???¢?’. Mounting
clinical literature suggests that GLP-1RAsmay have
the potential to reduce the consumption and
craving for addictive substances in humans,
particularly for alcohol and nicotine 1838422051 There
is evidence from RCTs that GLP-1RAs led to a
greater reduction of alcohol consumption and
craving than placebo, especially in individuals
suffering from obesity3*3¢. As yet, the off-label use
of GLP-1RAsto treat AUD is not justified. It is still
not known whether GLP-1RAs are safe and
effective for treating more severe AUD and
whether the reduction in alcohol consumption will
persistin the long-term.

There is a need for more data on long-term
outcomes of GLP- 1RAstherapy targeting treatment

challenges, such as drug tolerability and comorbid
mentalillnesses and effects on different substances
and behavioral addictions. Large-scale and long-
term RCTs are required to establish the safety,
efficacy, and optimal dosing strategies for GLP-
1RAs in addiction treatment.
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