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ARTICLE INFO ABSTRACT

Keywords: Background: Increasing evidence suggests that GLP-1 receptor agonists (GLP-1RA) have a potential use in
Addiction addiction treatment. Few studies have assessed the impact of GLP-1RA on substance use disorder (SUD),
GLP-1

particularly in humans. The study aimed to do systematic review of clinical trials to assess GLP-1RA’s effect on
reducing SUD in patients.

Methods: The scientific literature was reviewed using the MEDLINE, Scopus and Cochrane Library databases,
following PRISMA guidelines. Studies including patients with a diagnosis of SU who were treated with GLP-1RA
were selected. The primary outcome was GLP-1RA’s therapeutic effect on SUD, and the secondary outcomes were
therapeutic effects of GLP-1RA on weight, BMI and HbAlc.

Results: 1218 studies were retrieved, resulting in 507 papers after title and abstract screening. Following full-text
review, only 5 articles met inclusion criteria. We incorporated a total of 630 participants utilizing Exenatide
(n=3) and Dulaglutide (n=2) as GLP-1RAs. Therapeutic effect of GLP-1RA on SUD was assessed in 5 studies, with
3 demonstrating a significant decrease in SUD (alcohol and nicotine). GLP-1RA’s impact on body weight, BMI,
and HbAlc, was reported in 3 studies. These revealed a notable reduction in these parameters among the GLP-
1RA treated group.

Conclusion: This review will give an overview of current new findings in human studies; we suggest that the
effects of GLP-1RA in SUD is a possible new option of therapy in addiction medicine.

Glucagon-like peptide-1 receptor agonist
Alcohol use disorder

Substance use

Tobacco use

1. Introduction pandemic (World Drug Report, 2023). AUD is responsible for high

mortality due to medical complications, injury (Carvalho et al., 2019)

Globally, an estimated 39.5 million people are affected from sub-
stance use (SU) (World Drug Report, 2023) and in 2021 alone, 5.8
percent of the world’s population - or 296 million people - used drugs, an
increase of about 23 percent from the previous 10 years. Approximately
five million people are affected from cocaine use disorder (CUD)
(Peacock et al., 2018; Klausen et al., 2022a), whose deaths from over-
dose are rapidly increasing and exceed opioid overdose deaths
(Kampman). In addition, the World Health Organization (WHO) in-
dicates that 280 million people are affected from alcohol use disorder
(AUD) (Alcohol, 2024), but only 1 in 5 people have received drug
treatment, with the situation worsening in the previous years due to the

and suicide (Borges et al., 2017). In fact, according to WHO, alcohol
causes 5.3 percent of deaths worldwide and, overall, 5.1 percent of the
global burden of disease and injury — measured in Disability Adjusted
Life Years (DALYs) — is attributable to alcohol consumption. Excessive
alcohol use results in significant social and economic losses for in-
dividuals and society at large causing death and disability in young
adults (Alcohol, 2024). As with alcohol, tobacco is one of the leading
causes of premature death, and globally, 940 million men and 193
million women smoked tobacco in 2019 (The tobacco atlas, 2024).
Despite available treatment options for smoking cessation, the relapse
rate is around 95-98 % (Prochaska and Benowitz, 2016). Specifically,
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chronic psychoactive SU is characterized by a transition from recrea-
tional drug use to compulsive and disordered use. The prevailing sci-
entific consensus has identified addiction as a chronic disease, codified
as substance use disorder (SUD). SUDs are characterized by pharmaco-
logical effects of tolerance and withdrawal, as well as a core set of
behavioral components defined by the Diagnostic and Statistical Manual
of Mental Disorders (DSM-5). These can be grouped into three main
categories: improbability to control SU; social distress; and risky SU
(Poisson et al., 2021).

Glucagon-like peptide-1 (GLP-1) is an incretin hormone secreted, in
response to meal ingestion, by intestinal L cells (Creutzfeldt, 1979). Its
function is to stimulate insulin release from pancreatic p-cells, lowering
glucose levels (Hayes et al., 2014; Miiller et al., 2019), slowing gastric
emptying and promoting satiety (Tang-Christensen et al., 1998; Turton
et al., 1996; Langhans, 2000; Alhadeff et al., 2012; Mietlicki-Baase et al.,
2017; Wang et al., 2015). Therefore, GLP-1 receptor analogs (GLP-1RA)
were developed to treat patients with type 2 diabetes mellitus and
subsequently used in patients with obesity with good results (Maselli
and Camilleri, 2021). Currently GLP-1RAs are approved by the FDA for
the treatment of these two conditions (Kreymann et al., 1987; Srivastava
and Apovian, 2018) that pose major public health concerns.

GLP-1 is a peptide hormone mainly secreted by 3 tissues in the
human body: enteroendocrine L cells in the distal intestine, alpha cells in
the pancreas, and the central nervous system (Zhao et al., 2021),
participating in the regulation of glucose homeostasis through its
interaction with GLP-1R. GLP-1RA are a class of drugs initially used in
patients with type 2 diabetes with expanding clinical indications. The
therapeutic application and potential value of GLP-1RA for several dis-
eases represents a research hotspot. Their clinical effects, in addition to
glucose reduction, include decrease of blood pressure and weight loss,
protection against major cardiovascular disease, and reduction of car-
diovascular mortality (Brown et al., 2021a). Furthermore, GLP-1RAs
play a neuroprotective effect by stimulating the differentiation of
nerve cells and inhibiting neuroinflammation (Pelle et al., 2023). Other
studies underway are analyzing the correlation between the function of
GLP-1RAs and the development and progression of tumors (Zhao et al.,
2021).

GLP-1RA are highly likely to act on the brain through the humoral
pathway in addition to the neural pathway, where they could remain in
the brain for several hours as they are stable, and exert effects similar to
those induced by the brain-derived GLP-1 (Katsurada and Yada, 2016).
Previous studies on murine models have shown that peripheral liraglu-
tide GLP-1 directly stimulates pro-opiomelanocortin/cocaine- and
amphetamine-stimulated transcript neurons, and indirectly inhibits
neurotransmission to neuropeptide Y/Agouti-related peptide neurons
through gamma-aminobutyric acid-dependent signals (Katsurada and
Yada, 2016, 2016; Isbil-Buyukcoskun and Gulec, 2004).

Animal model studies have highlighted a potential role of these drugs
in the treatment of Parkinson’s disease, Alzheimer’s diseases, dementia
(Dahiya et al., 2022; Bi et al., 2023).

The GLP-1R, a stimulatory G-protein receptor, is expressed in several
discrete CNS nuclei including the hypothalamus and hindbrain
(Martinou et al., 2022). Importantly, GLP-1Rs are expressed in key brain
areas controlling reward and motivated behaviors that include the
ventral tegmental area (VTA) and the nucleus accumbens (NAc); their
role within these brain areas, however, remains largely unknown. The
VTA and its dopaminergic projections to the NAc orchestrate
goal-oriented motivation. It is also becoming increasingly clear that
addictive drugs can hijack the reward system, a system originally
evolved to motivate drive toward natural rewards. Although the brain
centers of reward control are neuroanatomically separate, they are not
entirely disconnected from the classical homeostatic centers and, under
physiological conditions, bidirectional communication occurs between
the two regions (Martinou et al., 2022). Many of the classical hormones
that regulate feeding directly impact mesolimbic VTA/NAc neurons,
such as GLP-1 (Martinou et al., 2022). GLP-1RA drugs, whose receptors
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are expressed in brain regions thought to be involved in reward and
addiction (Cork et al., 2015; Jensen et al., 2020; Rinaman, 2010), have
been found to reduce SUD and addiction-like symptoms in preclinical
studies. Addiction-like symptoms include escalation of SU, neuro-
cognitive deficits, tolerance, exaggerated motivation for drugs,
increased reinstatement of drug seeking after extinction‘ effect and
preference for drug over nondrug rewards (Vanderschuren and Ahmed,
2021). Animal studies have reported discordant results with respect to
the regulation of addiction behaviors by GLP-1RA (Bornebusch et al.,
2019; Sirohi et al., 2016). Bornebusch et al. in their study on rodents
demonstrated that GLP-1RA decreased oral alcohol self-administration
but did not attenuated the addiction related behavioral effects of opi-
oids (Bornebusch et al., 2019). Sirohi et al (Sirohi et al., 2016). studied
alcohol intake, amphetamine reinforcement and hedonic feeding on
rodents. First, the effect of EX-4 pretreatment on the expression of
amphetamine-induced conditioned place preference (Amp-CPP) was
examined in the FLOX and GLP-1R KD(Nestin) mice. Next, alcohol
intake (10 % v/v) was evaluated in FLOX and GLP-1R KD(Nestin) mice
following saline or EX-4 injections. Finally, they we assessed the effects
of EX-4 pretreatment on hedonic feeding behavior (Sirohi et al., 2016).
Results indicate that Amp-CPP was completely blocked in the FLOX
mice, but not in the GLP-1R KD(Nestin) mice following EX-4 pretreat-
ment. Ex-4 pretreatment selectively blocked alcohol consumption in the
FLOX mice, but was ineffective in altering alcohol intake in the GLP-1R
KD(Nestin) mice. Notably, hedonic feeding was partially blocked in the
GLP-1R KD(Nestin) mice, whereas it was abolished in the FLOX mice.
The present study provides critical insights regarding the nature by
which GLP-1 signaling controls reinforced behaviors and underscores
the importance of both peripheral and central GLP-1R signaling for the
regulation of addictive disorders. Correspondingly, recent studies are
testing the use of GLP-1RAs for the treatment of AUD (Farokhnia et al.,
2022), tobacco use disorder (Lengsfeld et al., 2023a; Yammine et al.,
2021) and other SUDs (Leslie, 2023a). Therefore, the purpose of our
work was to conduct a systematic review of clinical papers published to
date regarding the use of GLP-1RA in patients with addictions, evalu-
ating therapeutic response and efficacy on SUD.

2. Material and methods
2.1. Study design

A systematic review was conducted in keeping with the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (Page et al.,
2021). This work was recorded on PROSPERO, International prospective
register of systematic reviews (ID: CRD42024500110). The included
population consisted of human patients, > 18 years old who have been
treated with GLP-1RA and who have been diagnosed with SUDs. Out-
comes of interest included patient characteristics and different types of
SUDs.

2.2. Search strategies

An electronic search of the in MEDLINE, Scopus and Cochrane Li-
brary (Wiley) databases was performed on March 15, 2024, looking for
relevant studies that could be included in this study. The search was
performed by setting the following terms: “GLUCAGON-LIKE PEPTIDE-1
(GLP-1) RECEPTOR AGONISTS [MeSH terms]” AND “substance use
[MeSH terms]” OR “substance abuse [MeSH terms]” OR “cocaine use
[MeSH terms]” OR “alcohol use [MeSH terms]” OR “tobacco use [MeSH
terms]” OR “caffeine use [MeSH terms]” OR “hallucinogens use [MeSH
terms]” OR “volatile solvents use [MeSH terms]” OR “cannabinoid use
[MeSH terms] ” OR “hypnotics use [MeSH terms]” OR “opioids use
[MeSH terms]”. The Boolean operator “AND” was used to combine parts
of the subject terms and “OR” was used to expand the search. Two in-
dependent reviewers (SM and NP) screened titles and abstracts, assessed
full-text versions, and extracted data. Disagreements were resolved by
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re-extraction or third-party adjudication.

2.3. Data extraction and quality assessment

The literature search was performed by two independent reviewers
(SM and NP) using a predefined search strategy. Duplicate studies were
removed manually. Each reviewer then examined the titles, abstracts
and/or full texts of included manuscripts to ensure that all inclusion
criteria were met before extracting the following data: first author’s
name, year of publication, study design, country of origin, number of
patients included, type of GLP-1RA, measurement tool, patients’ char-
acteristics, dose and duration of GLP-1RA treatment, clinical efficacy of
GLP-1RA treatment on SUD.

2.4. Inclusion and exclusion criteria

We defined our study eligibility using the populations-interventions-
comparators-outcomes (PICO) study design framework. Population:
Adults with SUD per the Diagnostic and Statistical Manual of Mental
Disorders (DSM-5), International Classification of Diseases 10th Revi-
sion (ICD-10) or other classification. We included all patients regardless
of psychiatric comorbidities, age, gender, body mass index (BMI) and
education. Interventions: treatment with GLP-1RA. Comparator: RCT or
placebo-controlled clinical trials. Outcomes: Alcohol, tobacco or psy-
choactive SUD (total abstinence and reduced use). We excluded non-
English studies, animal studies, abstracts, review articles, case reports
or case series including less than 10 subjects; editorials or letters, studies
not evaluating the use of GLP-1-RAs on SUD-related effects; patient age
< 18. Where overlapping studies were identified or suspected, the more
recent or informative study was included for analysis.

2.5. Primary and secondary outcomes

The primary outcome of the present study was to determine the
relationship between the therapeutic effect of GLP-1RA and the decrease
in SUD in patients. Secondary outcomes included the effects of GLP-1RA
on body weight, BMI, glycated hemoglobin levels. Primary outcome was
defined at the time of the first studies’ selection, while secondary out-
comes were included following title and abstract review in order to
capture a complete and accurate representation of the patient charac-
teristics that have been evaluated by current literature.

2.6. Risk of bias assessment

The Risk of Bias In Non-randomized Studies of Interventions
(ROBINS-I) tool was used to rate risk of bias for non-randomized
included studies (Sterne et al., 2016). Thus, the Version 2 of the
Cochrane risk-of-bias tool for randomized trials (RoB 2) is the recom-
mended tool to assess the risk of bias in randomized trials included in
Cochrane Reviews (Sterne et al., 2019). RoB 2 is structured into a fixed
set of domains of bias, focusing on different aspects of trial design,
conduct, and reporting. Within each domain, a series of questions
(’signaling questions’) aim to elicit information about features of the
trial that are relevant to risk of bias. A proposed judgement about the
risk of bias arising from each domain is generated by an algorithm,
based on answers to the signaling questions. Judgement can be "Low’ or
"High’ risk of bias or can express Some concerns’.

2.7. Statistical analysis

Patients” characteristics and outcomes were summarized and
described as means =+ standard deviation or median (IQRs) for contin-
uous variables or percentages for categorical variables. Secondary out-
comes were qualitatively analyzed due to heterogeneity of outcome
reporting in the included studies.
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3. Results
3.1. Study selection

A total of 1218 studies were retrieved, and 507 unique results
remained for the initial title and abstract screening. Results were
screened and 39 manuscripts underwent full-text review. Finally, only 5
articles met full inclusion criteria (Fig. 1). Studies included 5 random-
ized, placebo controlled trials (Lengsfeld et al., 2023a; Yammine et al.,
2021; Angarita et al., 2021; Klausen et al., 2022b; Probst et al., 2023).
Table 1 reports the types of SUD in the included studies, according to
DSM-5TR (alcohol in 2 studies, cocaine in 1, nicotine in 2). Two studies
were carried out in the United States. SUD diagnosis was conducted
using DSM-5 criteria (n=1), AUDIT (n=1), FAGERSTROM test (n=1) or
medical examination (n=2) (Table 1).

3.2. Risk of bias assessment

There was low to moderate risk of bias in the included study ac-
cording to the RoB 2. Overall, 1 of the included studies had low risk of
bias for all the items (Yammine et al., 2021), one study had low or
moderate risk in all items (Lengsfeld et al., 2023a), while 3 studies had
high risk for bias for 1 or more items (Angarita et al., 2021; Klausen
et al., 2022b; Probst et al., 2023) (Table 2).

3.3. Study characteristics

Across the 5 studies, a total of 630 participants were included. The
GLP-1RAs used were Exenatide (n=3) and Dulaglutide (n=2), as shown
in Table 3. The trial duration ranged from 6 to 26 weeks. All the studies
(n=5) were RCT, and almost all of them took place in outpatient settings
(n=4).

3.4. Patients’ and diseases’ characteristics

In Table 3, patient characteristics are reported, including age, sex,
educational level, psychiatric comorbidities, and BMI. Three studies
included persons with co-occurring psychiatric disorders.

3.5. Outcomes

Table 4 reports the outcomes. The primary outcome (relationship
between the therapeutic effect of GLP-1RA and the decrease of SUD) was
reported by 5 studies, and 2 of them detected a significant effect of GLP-
1RA on decreasing SUD (alcohol in 1 study, nicotine in 1) (Yammine
etal., 2021; Klausen et al., 2022b; Probst et al., 2023). One study did not
detect a significant effect of GLP-1RA on alcohol use, but found an effect
in a subgroup of participants who were obese (Klausen et al., 2022b).
One study did not show any significant effect of the administration of
GLP-1RA on subjective effects of cocaine or cocaine administration
(Angarita et al., 2021) and the latter did not find significant differences
of dulaglutide on smoking abstinence rate (Lengsfeld et al., 2023a).

Secondary outcomes included the effects of GLP-1RA on body
weight, BMI, glycated hemoglobin levels and were reported by 4 studies,
showing a significant reduction of body weight, BMI and glycated he-
moglobin levels in the GLP-1RA treated group.

4. Discussion

The present systematic review highlights the potential role of GLP-
1RA in the treatment of SUDs. The published evidence consists of five
randomized trials, analyzing the effects of exenatide and dulaglutide on
alcohol, nicotine and cocaine use. Two out of five studies detected a
significant decrease in the SUD in the treated group versus the placebo
group, one study detected a decrease only in a subset of participants, and
two studies did not find a significant difference on cocaine and tobacco
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Identification of studies via databases and registers
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Fig. 1. "flow chart of the search process according to the PRISMA guidelines". *Consider, if feasible to do so, reporting the number of records identified from each
database or register searched (rather than the total number across all databases/registers). **If automation tools were used, indicate how many records were
excluded by a human and how many were excluded by automation tools.

Table 1

Design and characteristics of the included studies.

References Country Inclusion Design  Purpose of the study Nature and size of the sample Measurement tool
period
Yammine, us 2016-2019 RCT Effect of GLP—1Ra treatment 82 tobacco smokers included: 41 placebo; 41 Medical examination
2021 on tobacco use GLP—1RA
Angarita, Us 2014-2018 RCTdb  Effect of GLP—1Ra treatment 13 patients with cocaine use disorder Self-report assessment; DSM—5;
2021 on cocaine use urine screening of drugs
Klausen, Denmark 2017-2019 RCTdb Effect of GLP—1Ra treatment 127 patients with alcohol use disorder AUDIT; CIWA-Ar; ICD—10; DSM—5
2022 on alcohol use included: 65 placebo; 62 GLP—1RA
Probst, 2023 Switzerland 2017-2022 RCT Effect of GLP—1Ra treatment 151 patients with alcohol use included: 75 Medical examination; assessment of
on alcohol use placebo; 76 GLP—1RA median and IQR of alcohol
consumption
Lengsfeld, Switzerland ~ 2017-2020 RCTdb  Effect of GLP—1Ratreatment 255 patients with tobacco use included: 128  Fagerstroem test
2023 on tobacco use placebo; 127 GLP—1RA

RCT: Randomized placebo controlled clinical trial
RCTdb: Randomized, double-blind, placebo controlled clinical trial
GLP-1RA: Glucagon-like peptide-1 Receptor Agonist

IQR: interquartile range

use (Angarita et al., 2021). The study on cocaine use (Angarita et al.)
however had several limitations and differences with the first three
papers (Yammine et al., 2021; Klausen et al., 2022b; Probst et al., 2023).
The paper by Angarita et al (Angarita et al., 2021). included only 13
patients, with administration of exenatide limited to one single dose and
using as outcomes two different endpoints: number of cocaine

“infusions” (button presses by the included subjects associated with a
cocaine injection) and subjective cocaine effects using computerized
VAS self-ratings. On the other hand, in 3 RCTs the treatment with
GLP-1RA was administered for longer periods ranging from 6 to 26
weeks and had a significant effect on alcohol and nicotine use. The study
by Lengsfeld et al (Lengsfeld et al., 2023a). reported no effect of
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Table 2

Methodological quality evaluation of the included non-randomized studies according to RoB-2.
Author Domain 1 Domain 2 (first part) Domain 2 (second part) Domain 3 Domain 4 Domain 5
Yammine Low Low Low Low Low Low
Angarita Low Low Low High Low High
Klausen Low High Low Low Low Low
Probst Low Low High Low High Low
Lengsfeld Low Low Moderate Moderate Low Low

Domain 1: risk of bias arising from the randomization process
Domain 2 (first part): risk of bias due to deviation from the intending intervention (effect of assignment to intervention)
Domain 3 (second part): risk of bias due to deviations from the intending intervention (effect of adhering to intervention)

Domain 3: missing outcome data

Domain 4: risk of bias in measurement of the outcome
Domain 5: risk of bias selection of the reported result

Table 3

Patients’ characteristics and type of GLP-1Ra treatment.

Author Age* Female sex, BMI* Psychiatric Higher Type of GLP-1Ra treatment
n (%) comorbidities* Education, n (%)
Yammine, 51.1(9.2) tot; 25(30.5) tot; NA 8.5(6.1) tot; 5(6.1) tot; EXENATIDE (2 mg sc, once a week for 6 weeks)
2021 51 (9.1) 13(31.7) 8.3(6.4) placebo; 2(4.9) placebo;
placebo; placebo; 8.6(5.9) 3(7.3) GLP—-1RA
51.2 (9.4) 12(29.3) GLP—-1RA
GLP—-1RA GLP—-1RA
Angarita, 4547 tot 1 (7.7 %) 28+4 NA 12+1* tot (years EXENATIDE (5 mcg sc — 3 h before cocaine self
2021 of education) administration)
Klausen, 52.5 (10) 26 (40) 26.7(4.6) placebo; NA 32 (50) placebo; EXENATIDE (2 mg sc, once a week for 26 weeks)
2022 placebo; placebo; 26.7(5.2) 26(41.9)
52.1(10.8) 25(40.3) GLP—1RA GLP—-1RA
GLP—-1RA GLP—-1RA
Probst, 42 (33-53)** 92(60.9) tot; #119(90.8)*** 44(29.1) tot; 74 (49) tot; DULAGLUTIDE (sc at initial dose of 0.75 mg/0.5 mL in the
2023 tot; 41(54.7) tot; 20(26.7) placebo; 30 (40) placebo; first week and increased to 1.5 mg/0.5 mL in the following
43(33-51.5)** placebo; #60[87]*** 24(31.6) 44(57.9) weeks until the end of treatment, for 12 weeks)
placebo; 51(67.1) placebo; GLP—1RA GLP—1RA
41(33-54.2)** GLP—-1RA #59(95.2)***
GLP—-1RA GLP—1RA
Langsfeld, 43.2(13.1)* 155(60.8) 27.1(5.0) tot; 71(27.8) tot; NA DULAGLUTIDE (sc at initial dose of 0.75 mg/0.5 mL in the
2023 tot; tot; 27.1(5.0) placebo; 35(27.3) placebo; first week and increased to 1.5 mg/0.5 mL in the following
43.2(13.1)* 72(56.3) 27.1(5.1) 36(28.3) weeks until the end of treatment, for 12 weeks)
placebo; placebo; GLP-1RA GLP-1RA
42.7(13.8) 83(65.4)
*GLP—1RA GLP-1RA
*: Mean (SD)

*: Median (Interquartile Range)

*: data reports the number of patients (percentage) with BMI>29.9
BMI: Body mass index

Sc: subcutaneous

GLP-1RA: Glucagon-like peptide-1 Receptor Agonist

NA: Not assessed

#: >29.9 BMI

dulaglutide on tobacco abstinence rates but an effect on prevention of
post-cessation weight gain and decreased HbA1c levels. Also the other 2
studies (Klausen et al., 2022b; Yammine et al., 2023) providing the in-
formation demonstrated additional beneficial effects in weight and BMI
reduction and glycated hemoglobin reduction. Adverse events were
mainly gastrointestinal symptoms, and the rate of serious events was not
different compared to placebo (Klausen et al., 2022b).

These results suggest a potential role of GLP-1RA in the management
of patients with SUDs, even if the number of relevant published study is
still low, the results are not fully concordant and concern only ethanol
and nicotine. In 3 of the included randomized trials, the effects of GLP-
1RA were present despite different types of GLP-1RA, doses and dura-
tion of treatment, which lasted a minimum of 6 weeks. The results of the
systematic review are not discordant with the results of small case
studies, such as that of Richards et al (Richards et al., 2023)., which
demonstrated the potential of GLP-1RA in the treatment of AUD in 6
patients. The study by Richards et al (Richards et al., 2023). is a retro-
spective chart review; the authors identified patients treated with

semaglutide for weight loss who also had positive screenings for haz-
ardous alcohol use with AUDIT test. Following treatment with sem-
aglutide all 6 patients had a significant decrease of AUDIT scores and
AUD symptoms.

The reward circuit and related structures may participate in the in-
teractions between the GLP-1 pathway and psychoactive substances.
Primarily, the literature has largely endorsed a relationship between
obesity and SUD, postulating that exposure to highly palatable foods
increases key neuroendocrine signals, which remodel brain reward cir-
cuits to reinforce pathological eating behaviors (Brutman et al., 2019;
Bliss and Whiteside, 2018). Highly palatable foods interact with brain
reward circuits to promote intake, just as would happen at the neuro-
biological level with SUD (Martinelli et al., 2024). Neuroscience studies
of rats with obesity observe typical neurobiological features of addiction
in their brain systems, which result from behaviors similar to addiction
to foods rich in fat and sugar (Brown et al., 2021b).

However, because GLP-1R expression is widespread throughout the
brain, it is very likely that other brain areas participate in these
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Table 4

Patients’ outcomes rates and associated factors.
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Author Patients Effect on patients’ Effect on secondary  Follow- Medical Factors associated with Safety Measures
included decreasing SUD outcomes up Factors associated SUD
n. period with SUD
Yammine, 82 tot; Exenatide increased Post-cessationbody 6 weeks In a good health Years of regular Adverse events were
2021 41 smoking abstinence weight was 5.6 smoking, mean + SD reported in 4(9.5 %) and 1
placebo; compared to placebo pounds lower in the 27.0 £ 11.8 (2.3 %) of participants in the
41 (46.3 % and exenatide group exenatide and placebo
GLP-1RA 26.8 %, respectively), (193.6, 95 % Crl groups, respectively.
(risk ratio [RR] = 1.70; [190.0,
95 % credible interval = 197.1]) than the
[0.96, 3.27]; PP = placebo group
96.5 %). (199.2, 95 % Crl
[194.9, 203.4])
(PP = 97.4 %).
Angarita, 13 Exenatide had NO effect Both Exenatide and 1 day In a good health Lifetime years of cocaine  No serious adverse events.
2021 on administration and cocaine decreased use (mean + SD) 22 + Exenatide did not produce
subjective effects of levels of GLP—1 10; hypoglycemia in any subject
cocaine (4.4 £ 0.8 vs. 40  and insulin during cocaine sessions.
+ 0.8; F (1,12)=1.73, (p=0.03,p=0.02,
p=0.21) p < 0.0001, p <
0.0001)
Klausen, 127 tot, 65  There were no significant Exenatide 26 weeks  NA Heavy drinking days Adverse events were mainly
2022 placebo; differences in decreasing group had a + 6- (mean SD): gastrointestinal, body
62 number of heavy drinking  reduction in BMIof = month Placebo 17.3 (8.5); weight loss, fatigue, and
GLP—1RA days and total alcohol 0.95(95 % CL, -1.6  follow- Exenatide injection site reactions.
intake between the to 0.3, P = 0.006), up Group 16.7 (8.2) Serious adverse events were
enaxatide versus placebo glycated reported
group. hemoglobin almost equally between the 2
In a subgroup analysis of (HbAlc) of groups (Exenatide 24.2 % vs.
obese patients with a BMI 1.6 mmol/mol placebo 18.5 %)
greater than 30 kg/m2 (n (95 % CI, -2.8 to
= 30), Exenatide reduced -0.4, P = 0.011)
heavy drinking days by
23.6 percentage points
(95 % CI, —44.4 to -2.7, P
= 0.034) and reduced
total alcohol intake per 30
days by 1205 g (95 % CI,
—2206 to -204, P = 0.026)
relative to placebo
Probst, 151 tot; At week 12, participants NA 12 weeks Cancer, pulmonal, Nicotine consumption: Gastrointestinal symptoms
2023 76 in the dulaglutide group cardiovascular, cigarettes per day 20.0 are common minor side
placebo; drank an estimated 29 % gastrointestinal, [15.0-20.0]; Substance effects
75 less (baseline alcohol metabolic, use 16 (10.6); Alcohol
GLP—1RA intake adjusted relative neurological disease consumption: standard
effect = 0.71, 95 % CI glasses of alcohol per
0.52-0.97, P = 0.04) than week 3.0 [2.0-7.0]
participants in the
placebo group.
Langsfeld, 255 tot; At week 12, 63 % (80/ Wight reduction 12 weeks  Cancer, pulmonal, Mean Fagerstroem score  Gastrointestinal symptoms
2023 128 127) participants in the (-1 kg, SD 2.7) and cardiovascular, was 7.0 points (SD 5.0) are common in both groups:
placebo; dulaglutide group and decrease of median gastrointestinal, and median lifetime 90 % (114/127) on
127 65 % (83/128) on placebo  HbAlc levels osteoporosis and smoking exposure was dulaglutide group and 81 %
GLP—1RA treatment were abstinent, (change 0.0, IQR neurological disease 20 pack years (IQR 11.0,  (81/128) on placebo group.
with no difference —0.2, 0.2) on 35.0) Other adverse events were
between the groups dulaglutide mild to moderate, in
treatment particular upper respiratory

tract infections.

SUD: Substance Use Disorder
GLP-1RA: Glucagon-like peptide-1 Receptor Agonist
NA: Not assessed

interactions (Jerlhag, 2023). A further priority of upcoming studies will
be to define the key neurocircuits involved and confirm or deny the
potential utility of GLP-1RA in the context of SUDs. Furthermore, future
research on GLP-1RA treatment in patients with SUD can fill the gaps
regarding optimal duration of pharmacotherapy, maintenance and dose
titration strategies, and ways to improve pharmacotherapy utilization.
More knowledge is needed about chronic and prolonged effects of
different GLP-1RA, as well as the effect on other psychoactive substances

not yet studied, such as amphetamines, opioids, and benzodiazepines. In
addition, further studies are needed to identify the patients or subtypes
of patients with various addictions who might benefit from treatment

with these drugs: for example, the possibility that polymorphisms in
GLP-1R genes affect the results of GLP-1RA treatment on alcohol con-
sumption in patients with AUD.

We underline that other clinical trials (Yammine et al., 2023;
Lengsfeld et al., 2023b; Antonsen et al., 2018 Jul 16; Leslie, 2023b) have
been designed, registered on clinicaltrial.gov and are ongoing and in the
future further data may more accurately delineate the role of GLP-1RA
in the management of substance use disorder.
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4.1. Strengths and limitations

The strengths of this systematic review include a careful methodol-
ogy in accordance with the most accredited guidelines. However,
several limitations should be highlighted. Given the relative novelty of
the study topic, the results are limited by the amount of data that could
be extracted. Only 5 studies were identified, although there were no
restrictions on the time frame. However, the restriction to human
studies, completed clinical trials, and English-language studies only
limited the number of included articles. Furthermore, the studies had a
high degree of heterogeneity, concerning the type of substance, the
characteristics of the included patients, the type and doses of the GLP-
1RA administration limiting the possibility to perform a meta-analysis
among studies. However given the lack of standardized protocols for
RCTs in this area, this heterogeneity was unavoidable and was not a
specific limitation of this review. We underscore that the results of this
review should be viewed with some caution with respect to the primary
outcome, i.e., characterization of the effect of GLP-1RA on SU-related
behaviors, because of the different types of GLP-1RA used in the
various studies, dosages, and treatment durations. Nevertheless, this
systematic review is a first step to encourage new studies and insights on
the topic.

5. Conclusion

In conclusion, current clinical trials indicate a potential role of GLP-
1RA to treat patients with SUDs.

The literature review showed uneven results, with a positive effect
on decreasing substance use in some studies and no effect in others. It is
desirable that further randomized studies be conducted on homoge-
neous groups of patients affected by SUD (stratified according to the
type of substance use disorder) in which the effect of GLP-1RA is tested.

Funding/support
None of the authors received funding for this study.
Role of funding source
Nothing declared
Statement of human and animal rights and informed Consent

In the studies included in this review, the study-related procedures
were performed in accordance with the Declaration of Helsinki. Par-
ticipants enrolled in each study provided voluntary written informed
consent.

CRediT authorship contribution statement

Silvia Martinelli: Writing — review & editing, Writing — original
draft, Visualization, Validation, Supervision, Software, Resources,
Project administration, Methodology, Investigation, Formal analysis,
Data curation, Conceptualization. Mattia Longaroni: Writing — review
& editing, Validation, Software, Resources, Project administration,
Methodology, Formal analysis, Data curation. Alessandro Mazzotta:
Writing — review & editing, Visualization, Validation, Software, Re-
sources, Project administration, Methodology, Formal analysis, Data
curation. Niccolo Petrucciani: Writing — review & editing, Writing —
original draft, Visualization, Validation, Supervision, Software, Re-
sources, Project administration, Methodology, Investigation, Formal
analysis, Data curation.

Declaration of Competing Interest

None

Drug and Alcohol Dependence 264 (2024) 112424

All authors declare no financial and personal relationships with other
people or organizations that could inappropriately influence (bias) their
work.

References

Alcohol [Internet]. World Health Organization; [cited 2024 Feb 10]. Available from: (htt
ps://www.who.int//news-room/fact-sheets/detail /alcohol/?gclid=CjwKCAiA
_aGuBhACEiwAly57Mfg63-a7WjepH110VsVcWjFXI8-8EALBryHELHCfIUZIT7cCh
q9iUhoCeA8QAVD_BwWE)

Alhadeff, A.L., Rupprecht, L.E., Hayes, M.R., 2012. GLP-1 neurons in the nucleus of the
solitary tract project directly to the ventral tegmental area and nucleus accumbens to
control for food intake. Endocrinology 153 (2), 647-658 (Feb).

Angarita, G.A., Matuskey, D., Pittman, B., Costeines, J.L., Potenza, M.N., Jastreboff, A.
M., et al., 2021. Testing the effects of the GLP-1 receptor agonist exenatide on
cocaine self-administration and subjective responses in humans with cocaine use
disorder. Drug Alcohol Depend. 221, 108614. Apr 1.

Antonsen, K.K., Klausen, M.K., Brunchmann, A.S., le Dous, N., Jensen, M.E.,
Miskowiak, K.W., et al., 2018 Jul 16. Does glucagon-like peptide-1 (GLP-1) receptor
agonist stimulation reduce alcohol intake in patients with alcohol dependence: study
protocol of a randomised, double-blinded, placebo-controlled clinical trial. BMJ
Open 8 (7), e019562.

Bi, Z., Wang, L., Wang, W., 2023. Evaluating the effects of glucagon-like peptide-1
receptor agonists on cognitive function in Alzheimer’s disease: A systematic review
and meta-analysis. Adv. Clin. Exp. Med 32 (11), 1223-1231 (Nov).

Bliss, E.S., Whiteside, E., 2018. The Gut-Brain Axis, the Human Gut Microbiota and Their
Integration in the Development of Obesity. Front Physiol. 9, 900.

Borges, G., Bagge, C.L., Cherpitel, C.J., Conner, K.R., Orozco, R., Rossow, 1., 2017.

A meta-analysis of acute use of alcohol and the risk of suicide attempt. Psychol. Med
47 (5), 949-957 (Apr).

Bornebusch, A.B., Fink-Jensen, A., Wortwein, G., Seeley, R.J., Thomsen, M., 2019.
Glucagon-Like Peptide-1 Receptor Agonist Treatment Does Not Reduce Abuse-
Related Effects of Opioid Drugs. eNeuro 6 (2), ENEURO.0443-18.2019.

Brown, R.M., Guerrero-Hreins, E., Brown, W.A., le Roux, C.W., Sumithran, P., 2021b.
Potential gut-brain mechanisms behind adverse mental health outcomes of bariatric
surgery. Nat. Rev. Endocrinol. 17 (9), 549-559 (Sep).

Brown, E., Heerspink, H.J.L., Cuthbertson, D.J., Wilding, J.P.H., 2021a. SGLT2 inhibitors
and GLP-1 receptor agonists: established and emerging indications. Lancet 398
(10296), 262-276 (Jul).

Brutman, J.N., Sirohi, S., Davis, J.F., 2019. Recent Advances in the Neurobiology of
Altered Motivation Following Bariatric Surgery. Curr. Psychiatry Rep. 21 (11), 117.
Nov 9.

Carvalho, A.F., Heilig, M., Perez, A., Probst, C., Rehm, J., 2019. Alcohol use disorders.
Lancet 394 (10200), 781-792. Aug 31.

Cork, S.C., Richards, J.E., Holt, M.K., Gribble, F.M., Reimann, F., Trapp, S., 2015.
Distribution and characterisation of Glucagon-like peptide-1 receptor expressing
cells in the mouse brain. Mol. Metab. 4 (10), 718-731 (Oct).

Creutzfeldt, W., 1979. The incretin concept today. Diabetologia 16 (2), 75-85 (Feb).

Dahiya, S., Tisch, S., Greenfield, J., 2022. The effect of GLP-1 receptor agonists in pre-
clinical rodent models of Parkinson’s disease: A systematic review and meta-
analysis. Clin. Park Relat. Disord. 6, 100133.

Farokhnia, M., Browning, B.D., Crozier, M.E., Sun, H., Akhlaghi, F., Leggio, L., 2022. The
glucagon-like peptide-1 system is modulated by acute and chronic alcohol exposure:
Findings from human laboratory experiments and a post-mortem brain study.
Addict. Biol. 27 (5), 13211 (Sep).

Hayes, M.R., Mietlicki-Baase, E.G., Kanoski, S.E., De Jonghe, B.C., 2014. Incretins and
amylin: neuroendocrine communication between the gut, pancreas, and brain in
control of food intake and blood glucose. Annu Rev. Nutr. 34, 237-260.

Isbil-Buyukcoskun, N., Gulec, G., 2004. Effects of intracerebroventricularly injected
glucagon-like peptide-1 on cardiovascular parameters; role of central cholinergic
system and vasopressin. Regul. Pept. 118 (1-2), 33-38 (Apr).

Jensen, MLE., Galli, A., Thomsen, M., Jensen, K.L., Thomsen, G.K., Klausen, M.K., et al.,
2020. Glucagon-like peptide-1 receptor regulation of basal dopamine transporter
activity is species-dependent. Neurochem Int 138, 104772 (Sep).

Jerlhag, E., 2023. The therapeutic potential of glucagon-like peptide-1 for persons with
addictions based on findings from preclinical and clinical studies. Front Pharm. 14,
1063033.

Kampman K.M. The treatment of cocaine use disorder. Science Advances. 5(10):1-8.

Katsurada, K., Yada, T., 2016. Neural effects of gut- and brain-derived glucagon-like
peptide-1 and its receptor agonist. J. Diabetes Invest. 7 (Suppl 1(Suppl 1), 64-69
(Apr).

Klausen, M.K., Jensen, M.E., Mgller, M., Le Dous, N., Jensen, A.M.@., Zeeman, V.A.,
et al., 2022b. Exenatide once weekly for alcohol use disorder investigated in a
randomized, placebo-controlled clinical trial. JCI Insight 7 (19), e159863. Oct 10.

Klausen, M.K., Thomsen, M., Wortwein, G., Fink-Jensen, A., 2022a. The role of glucagon-
like peptide 1 (GLP-1) in addictive disorders. Br. J. Pharm. 179 (4), 625-641 (Feb).

Kreymann, B., Williams, G., Ghatei, M.A., Bloom, S.R., 1987. Glucagon-like peptide-1 7-
36: a physiological incretin in man. Lancet 2 (8571), 1300-1304. Dec 5.

Langhans, W., 2000. Anorexia of infection: current prospects. Nutrition 16 (10),
996-1005 (Oct).

Lengsfeld, S., Burkard, T., Meienberg, A., Jeanloz, N., Coynel, D., Vogt, D.R., et al.,
2023b. Glucagon-like peptide-1 analogues: a new way to quit smoking? (SKIP)—a
structured summary of a study protocol for a randomized controlled study. Trials 24
(1), 284. Apr 20.


https://www.who.int//news-room/fact-sheets/detail/alcohol/?gclid=CjwKCAiA_aGuBhACEiwAly57Mfg63-a7WjepH1lOVsVcWjFXI8-8EALBryHELHCflUZlT7cChq9iUhoCeA8QAvD_BwE
https://www.who.int//news-room/fact-sheets/detail/alcohol/?gclid=CjwKCAiA_aGuBhACEiwAly57Mfg63-a7WjepH1lOVsVcWjFXI8-8EALBryHELHCflUZlT7cChq9iUhoCeA8QAvD_BwE
https://www.who.int//news-room/fact-sheets/detail/alcohol/?gclid=CjwKCAiA_aGuBhACEiwAly57Mfg63-a7WjepH1lOVsVcWjFXI8-8EALBryHELHCflUZlT7cChq9iUhoCeA8QAvD_BwE
https://www.who.int//news-room/fact-sheets/detail/alcohol/?gclid=CjwKCAiA_aGuBhACEiwAly57Mfg63-a7WjepH1lOVsVcWjFXI8-8EALBryHELHCflUZlT7cChq9iUhoCeA8QAvD_BwE
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0005
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0005
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0005
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0010
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0010
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0010
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0010
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0015
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0015
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0015
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0015
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0015
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0020
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0020
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0020
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0025
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0025
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0030
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0030
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0030
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0035
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0035
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0035
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0040
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0040
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0040
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0045
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0045
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0045
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0050
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0050
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0050
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0055
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0055
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0060
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0060
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0060
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0065
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0070
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0070
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0070
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0075
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0075
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0075
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0075
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0080
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0080
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0080
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0085
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0085
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0085
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0090
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0090
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0090
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0095
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0095
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0095
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0100
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0100
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0100
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0105
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0105
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0105
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0110
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0110
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0115
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0115
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0120
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0120
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0125
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0125
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0125
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0125

S. Martinelli et al.

Lengsfeld, S., Burkard, T., Meienberg, A., Jeanloz, N., Vukajlovic, T., Bologna, K., et al.,
2023a. Effect of dulaglutide in promoting abstinence during smoking cessation: a
single-centre, randomized, double-blind, placebo-controlled, parallel group trial.
EClinicalMedicine 57, 101865 (Mar).

Leslie, M., 2023a. Hot weight loss drugs tested against addiction. Science 381 (6661),
930-931 (Sep).

Leslie, M., 2023b. Hot weight loss drugs tested against addiction. Science 381 (6661),
930-931 (Sep).

Martinelli, S., Petrucciani, N., Regazzi, L., Gualano, M.R., 2024. Bariatric Surgery and
New-Onset Substance Use Disorders: A Systematic review and Meta-analysis. Obes.
Surg. Mar 2.

Martinou, E., Stefanova, L., Iosif, E., Angelidi, A.M., 2022. Neurohormonal Changes in the
Gut-Brain Axis and Underlying Neuroendocrine Mechanisms following Bariatric
Surgery. Int J. Mol. Sci. 23 (6), 3339. Mar 19.

Maselli, D.B., Camilleri, M., 2021. Effects of GLP-1 and Its Analogs on Gastric Physiology
in Diabetes Mellitus and Obesity. Adv. Exp. Med Biol. 1307, 171-192.

Mietlicki-Baase, E.G., McGrath, L.E., Koch-Laskowski, K., Krawczyk, J., Reiner, D.J.,
Pham, T., et al., 2017. Amylin receptor activation in the ventral tegmental area
reduces motivated ingestive behavior. Neuropharmacology 123, 67-79. Sep 1.

Miiller, T.D., Finan, B., Bloom, S.R., D’Alessio, D., Drucker, D.J., Flatt, P.R., et al., 2019.
Glucagon-like peptide 1 (GLP-1). Mol. Metab. 30, 72-130 (Dec).

Page, M.J., McKenzie, J.E., Bossuyt, P.M., Boutron, I., Hoffmann, T.C., Mulrow, C.D.,
et al., 2021. The PRISMA 2020 statement: an updated guideline for reporting
systematic reviews. BMJ 372, n71. Mar 29.

Peacock, A., Leung, J., Larney, S., Colledge, S., Hickman, M., Rehm, J., et al., 2018.
Global statistics on alcohol, tobacco and illicit drug use: 2017 status report.
Addiction 113 (10), 1905-1926 (Oct).

Pelle, M.C., Zaffina, 1., Giofre, F., Pujia, R., Arturi, F., 2023. Potential Role of Glucagon-
like Peptide-1 Receptor Agonists in the Treatment of Cognitive Decline and
Dementia in Diabetes Mellitus. Int J. Mol. Sci. 24 (14), 11301. Jul 11.

Poisson, C.L., Engel, L., Saunders, B.T., 2021. Dopamine Circuit Mechanisms of
Addiction-Like Behaviors. Front Neural Circuits 15, 752420.

Probst, L., Monnerat, S., Vogt, D.R., Lengsfeld, S., Burkard, T., Meienberg, A., et al.,
2023. Effects of dulaglutide on alcohol consumption during smoking cessation. JCI
Insight 8 (22), e170419. Nov 22.

Prochaska, J.J., Benowitz, N.L., 2016. The Past, Present, and Future of Nicotine
Addiction Therapy. Annu Rev. Med 67, 467-486.

Richards, J.R., Dorand, M.F., Royal, K., Mnajjed, L., Paszkowiak, M., Simmons, W.K.,
2023. Significant Decrease in Alcohol Use Disorder Symptoms Secondary to
Semaglutide Therapy for Weight Loss: A Case Series. J. Clin. Psychiatry 85 (1). Nov
27.

Drug and Alcohol Dependence 264 (2024) 112424

Rinaman, L., 2010. Ascending projections from the caudal visceral nucleus of the solitary
tract to brain regions involved in food intake and energy expenditure. Brain Res
1350, 18-34. Sep 2.

Sirohi, S., Schurdak, J.D., Seeley, R.J., Benoit, S.C., Davis, J.F., 2016. Central &
peripheral glucagon-like peptide-1 receptor signaling differentially regulate
addictive behaviors. Physiol. Behav. 161, 140-144. Jul 1.

Srivastava, G., Apovian, C., 2018. Future Pharmacotherapy for Obesity: New Anti-obesity
Drugs on the Horizon. Curr. Obes. Rep. 7 (2), 147-161 (Jun).

Sterne, J.A., Hernan, M.A., Reeves, B.C., Savovi¢, J., Berkman, N.D., Viswanathan, M.,
et al., 2016. ROBINS-I: a tool for assessing risk of bias in non-randomised studies of
interventions. BMJ 355, i4919. Oct 12.

Sterne, J.A.C., Savovi¢, J., Page, M.J., Elbers, R.G., Blencowe, N.S., Boutron, L, et al.,
2019. RoB 2: a revised tool for assessing risk of bias in randomised trials. BMJ 366,
14898. Aug 28.

Tang-Christensen, M., Vrang, N., Larsen, P.J., 1998. Glucagon-like peptide 1(7-36)
amide’s central inhibition of feeding and peripheral inhibition of drinking are
abolished by neonatal monosodium glutamate treatment. Diabetes 47 (4), 530-537
(Apr).

The tobacco atlas [Internet]. [cited 2024 Feb 10]. Available from: (https://tobaccoatlas.
org/)

Turton, M.D., O’Shea, D., Gunn, 1., Beak, S.A., Edwards, C.M., Meeran, K., et al., 1996.
A role for glucagon-like peptide-1 in the central regulation of feeding. Nature 379
(6560), 69-72. Jan 4.

Vanderschuren, L.J.M.J., Ahmed, S.H., 2021. Animal Models of the Behavioral
Symptoms of Substance Use Disorders. Cold Spring Harb. Perspect. Med 11 (8),
a040287. Aug 2.

Wang, X.F., Liu, J.J., Xia, J., Liu, J., Mirabella, V., Pang, Z.P., 2015. Endogenous
Glucagon-like Peptide-1 Suppresses High-Fat Food Intake by Reducing Synaptic
Drive onto Mesolimbic Dopamine Neurons. Cell Rep. 12 (5), 726-733. Aug 4.

World Drug Report 2023. [Internet]. United Nations Office on Drugs and Crime;
Available from: (https://www.unodc.org/unodc/en/data-and-analysis/world-drug
-report-2023.html)

Yammine, L., Green, C.E., Kosten, T.R., de Dios, C., Suchting, R., Lane, S.D., et al., 2021.
Exenatide Adjunct to Nicotine Patch Facilitates Smoking Cessation and May Reduce
Post-Cessation Weight Gain: A Pilot Randomized Controlled Trial. Nicotine Tob. Res
23 (10), 1682-1690. Aug 29.

Yammine, L., Verrico, C.D., Versace, F., Webber, H.E., Suchting, R., Weaver, M.F., et al.,
2023. Exenatide as an adjunct to nicotine patch for smoking cessation and
prevention of postcessation weight gain among treatment-seeking smokers with pre-
diabetes and/or overweight: study protocol for a randomised, placebo-controlled
clinical trial. BMJ Open 13 (6), €072707. Jun 14.

Zhao, X., Wang, M., Wen, Z., Lu, Z., Cui, L., Fu, C., et al., 2021. GLP-1 Receptor Agonists:
Beyond Their Pancreatic Effects. Front Endocrinol. 12, 721135. Aug 23.


http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0130
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0130
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0130
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0130
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0135
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0135
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0140
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0140
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0145
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0145
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0145
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0150
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0150
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0150
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0155
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0155
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0160
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0160
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0160
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0165
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0165
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0170
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0170
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0170
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0175
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0175
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0175
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0180
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0180
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0180
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0185
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0185
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0190
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0190
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0190
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0195
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0195
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0200
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0200
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0200
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0200
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0205
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0205
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0205
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0210
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0210
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0210
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0215
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0215
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0220
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0220
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0220
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0225
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0225
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0225
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0230
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0230
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0230
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0230
https://tobaccoatlas.org/
https://tobaccoatlas.org/
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0235
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0235
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0235
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0240
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0240
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0240
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0245
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0245
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0245
https://www.unodc.org/unodc/en/data-and-analysis/world-drug-report-2023.html
https://www.unodc.org/unodc/en/data-and-analysis/world-drug-report-2023.html
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0250
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0250
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0250
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0250
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0255
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0255
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0255
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0255
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0255
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0260
http://refhub.elsevier.com/S0376-8716(24)01349-8/sbref0260

	Potential role of glucagon-like peptide-1 (GLP-1) receptor agonists in substance use disorder: A systematic review of rando ...
	1 Introduction
	2 Material and methods
	2.1 Study design
	2.2 Search strategies
	2.3 Data extraction and quality assessment
	2.4 Inclusion and exclusion criteria
	2.5 Primary and secondary outcomes
	2.6 Risk of bias assessment
	2.7 Statistical analysis

	3 Results
	3.1 Study selection
	3.2 Risk of bias assessment
	3.3 Study characteristics
	3.4 Patients’ and diseases’ characteristics
	3.5 Outcomes

	4 Discussion
	4.1 Strengths and limitations

	5 Conclusion
	Funding/support
	Role of funding source
	Statement of human and animal rights and informed Consent
	CRediT authorship contribution statement
	Declaration of Competing Interest
	References


