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Keywords: Introduction: Extant literature indicated that glucagon-like peptide-1 (GLP-1) and glucagon-
Exenatide; liraglutide; glucagon-like peptide-1; like peptide-1 receptor agonists (GLP-1 RAs) may potentially reduce risk of opioid overdose in

opioid use disorder; substance use disorder persons with opioid use disorders (OUDs). Herein, we conducted a comprehensive synthesis of

Corresponding author: the effects of GLP-1 and GLP-1 RAs on OUDs. Methods: We examined preclinical and clinical

Roger S. Mcintyre; paradigms examining the effects of GLP-1 and GLP-1 RAs on OUD and OUD-associated

Email: roger.mcintyre@bcdf.org behaviours (i.e. opioid self-administration, opioid-seeking behaviour). Relevant articles were
retrieved from OVID (MedLine, Embase, AMED, PsychINFO, and JBI EBP Database),
PubMed, and Web of Science from database inception to 1 May 2025. Primary studies (n = 10)
examining the aforementioned effects associated with GLP-1 and GLP-1 RA administration
were retrieved for analysis. Results: GLP-1 RAs (i.e. exenatide, liraglutide) reduced opioid-
seeking behaviour (p < 0.05) and self-administration of opioid drugs (p < 0.05) in preclinical
paradigms. In addition, results from human studies indicate that GLP-1 administration was
associated with reducing the risk of opioid overdose in human studies (aIRR = 0.60, 95% CI
[0.43, 0.83]). Conclusion: GLP-1 RAs may affect opioid self-administration as well as the risk for
overdose as evidenced by both preclinical and clinical data. There is a need for adequate well-
controlled studies to determine whether GLP-1 RAs may provide clinically meaningful
improvement and risk reduction in persons living with OUDs.

Summations

o Glucagon-like peptide-1 receptor agonism was associated with reduced risk of
opioid overdose in humans.

o Glucagon-like peptide-1 receptor agonism was associated with reduced heroin-
seeking behaviour.

o Glucagon-like peptide-1 receptor agonism was associated with reducing opioid self-

administration.
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o The specific molecular and cellular pathways wherein this interaction can be
observed remains to be elucidated.

Introduction

Glucagon-like peptide-1 (GLP-1) is an incretin hormone derived from the gut, with robust
efficacy as an antidiabetic and antiobesity therapy. GLP-1 increases insulin production and
exocytosis while inhibiting glucagon secretion (Lutz and Osto, 2016). GLP-1 receptors are
\\ 4 broadly distributed peripherally (i.e. pancreas, liver) and within the central nervous system,
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including regions such as the hypothalamus, hippocampus, and
nucleus accumbens (Muscogiuri et al., 2017).

Opioid use disorder (OUD) is a severe and persistent disorder
characterised by maladaptive self-administration of drugs that
agonise opioid receptors, notably the p opioid receptor (pOR)
(Sharma et al., 2016). Chronic consumption of opioid-related
drugs progressively disrupts the function of multiple neuro-
transmitters, especially dopaminergic neurons via reduced firing of
inhibitory GABAergic neurons leading to dysregulation in
dopamine signalling in the mesolimbic region, which subserves
the pathophysiology of addictive disorders (Margolis et al., 2003;
Baik, 2013).

A growing body of observational, preclinical and clinical
evidence has implicated GLP-1 RAs as putative prevention and/or
treatment strategies in persons living with neurocognitive
disorders (Mclntyre et al., 2025; Au et al., 2025. Recently, GLP-
1 receptor agonists (GLP-1 RAs) have been implicated as a
potential treatment strategy for substance use disorders (SUDs),
including OUDs (Bruns et al., 2024; Lee et al., 2024; Mansur et al.,
2024; Zheng et al., 2025). Notably, stimulation of GLP-1 receptors
in GABAergic interneurons in the ventral tegmental area (VTA)
has been shown to modulate dopamine release by decreasing
activity of VTA dopaminergic neurons (Merkel et al., 2025).
Whether GLP-1 RAs meaningfully affect craving, consumption,
withdrawal, reinforcement and/or overdose in persons with OUD
is not fully known. In addition, it has been reported that GLP-1
RAs may be adequately penetrative of the central nervous system,
suggesting their effects might be a direct effect (West et al., 2025).

Herein, we examine the effects of GLP-1 RAs (i.e. dulaglutide,
exenatide, liraglutide, lixisenatide, and semaglutide) on the
modulation of OUD-associated behaviours (e.g. opioid seeking,
self-administration) in preclinical and clinical studies. The
overarching aim is to provide a compelling rationale for evaluating
GLP-1 RAs as potential treatment and/or prevention strategies in
persons living with OUDs.

Methods
Search strategy

The Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) 2020 guidelines were used to conduct this
review (Page et al., 2021). PubMed, Web of Science, and OVID
(MedLINE, Embase, AMED, PsychInfo, and JBI EBP) were
searched systematically for articles from database inception to
May 1st, 2025. The search string used for the search was:
(“GLP-1” OR “Glucagon-Like Peptide-1” OR “Glucagon-Like
Peptide 17 OR “GLP-1 Agonist” OR “Glucagon-Like Peptide-1
Agonist” OR “Glucagon-Like Peptide 1 Agonist” OR “Semaglutide”
OR “Ozempic” OR “Rybelsus” OR “Wegovy” OR “Dulaglutide” OR
“Trulicity” OR “Exenatide” OR “Byetta” OR “Bydureon” OR
“Liraglutide” OR “Lixisenatide”) AND (“Substance*” OR “Opioid*”
OR “Opiu*” OR “Codeine” OR “Morphine” OR “Oxycodone” OR
“Hydrocodone” OR “Dihydrocodein*” OR “Hydromorphone” OR
“Diamorphine” OR “Fentanyl” OR “Heroin”).

Study selection and inclusion criteria

Articles from the literature search were systematically screened via
the Covidence platform, wherein duplicate articles were removed
(Covidence 2024). Two reviewers (H.A. and P.H.L.) screened the
titles and abstracts based on the inclusion and exclusion criteria
(Table 1). Primary articles were retrieved for full-text screening by
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Table 1. Eligibility criteria

Inclusion
Criteria

. A primary study,
. Human Studies,
. Patients must be between the ages 18-65 (adults),

. Measurement of opioid usage,
. Full-text article available online,
. English language.

1
2
3
4, Measurement of GLP-1 secretion,
5
6
T
1

Exclusion
Criteria

. Non-primary or secondary research (i.e., literature
reviews, systematic reviews, meta-analyses, posters,
abstracts, guidelines, protocols and theses),

2. Case Studies,
. Reports an association without statistics,
4. Full-Text is not available.

w

both reviewers (H.A. and P.H.L.) if they reported on the effects of
opioid consumption and overdose risk following GLP-1 or GLP-1
RA administration.

Data extraction

Relevant information was extracted and organised using the
piloted data extraction template by two independent reviewers
(H.A. and P.H.L.). Information of interest to be extracted was
established a priorifor human studies, including (1) authors, (2)
study type, (3) sample size, (4) diagnoses, (5) mean age, and (6)
outcome of interest. Similarly, information of interest was
established a priori for animal studies, including (1) authors, (2)
study type, (3) sample size, (4) diagnoses, and (5) outcome of
interest. Outcomes of interest pertained to changes in opioid
overdose risk, opioid self-administration, and consumption
following administration of GLP-1 and GLP-1 RAs.

Quality assessment

Quality assessment of observational cohort studies was con-
ducted using the Quality Assessment for Observational Cohort
and Cross-Sectional Studies from the National Institute of Health
(Ma et al., 2020; National Institute of Health, 2013). Similarly,
quality assessment for animal studies was conducted using the
SYRCLE’s risk of bias analysis tool for animal studies (Hooijmans
et al., 2014). The risk of bias of all studies were assessed by two
independent reviewers (F.K., P.K.L.), wherein all conflicts were
resolved following discussion. Further information on the
methodological quality assessments has been listed in the
supplementary materials (Tables S1 and S2).

Results
Search results

A systematic search retrieved 1,124 studies. 368 duplicates were
removed through Covidence, and 17 duplicates were removed
manually. 739 studies underwent abstract and title screening,
wherein 15 relevant full-text articles were retrieved and screened
based on the inclusion and exclusion criteria (Table 1). Five studies
were excluded as a result of wrong outcomes (#n = 2) or wrong
comparators (n = 3), characterised by inclusion of results
irrelevant to OUD, and a lack of comparison to control groups
respectively. A total of 10 studies were retrieved for further
analysis (Fig. 1).
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Figure 1. PRISMA flow diagram of literature search (Covidence 2024).

Methodological quality

The study by Qeadan et al. (2025) clearly stated its research
question, defined exposure and outcome variables using reliable
sources, and adjusted for key confounders such as comorbidities
and sociodemographic variables. While it did not report blind
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Studies excluded (n = 5)
Wrong outcomes (n = 2)
Wrong comparator (n = 3)

outcome assessors to exposure status, they demonstrated low risk
of bias overall. Limitations included lack of repeated exposure
measurement and absence of power or sample size justifications.
Nonetheless, these issues were unlikely to substantially affect the
validity of the main findings.
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Table 2. Study characteristics investigating effect of GLP-1 agonists on opioid use disorders in human models

Author(s) Study type Sample size Diagnoses Mean age Outcome(s) of interest
Glucagon-like peptide-1
Qeadan et al. Retrospective 503,747 T2DM ouD: GLP-1 administration was associated with lowered levels of
(2025) Cohort participants Obesity OUD ~ 50.5 +18.1 opioid overdose in individuals with OUD (7.1% vs 15.7%).
Study with history years Individuals with OUD that are administered with GLP-1/GIP had a
of OUD 40% lower rate of opioid overdose in comparison to those

without (alRR = 0.60, 95% Cl [0.43, 0.83]). These trends were
replicated in individuals with diabetes and OUD (alRR = 0.62,
95% CI [0.46, 0.82]), individuals with obesity and OUD (alRR =
0.67, 95% Cl [0.49, 0.92]), and individuals with diabetes, obesity,
and OUD (alRR = 0.65, 95% CI [0.48, 0.88]).

Abbreviations: N/A = Not Available, T2 DM = Type 2 Diabetes Mellitus, OUD = Opioid Use Disorder.

Most preclinical studies reported similar baseline character-
istics across groups, addressed incomplete outcome data appro-
priately, and avoided selective outcome reporting. Frequent
methodological shortcomings included lack of reported random-
isation procedures, allocation concealment, blinding of investi-
gators, and outcome assessors. These limitations were consistently
observed across most studies, limiting internal validity. All
publications had a low risk of bias for other domains.

Effects of GLP-1 RAs on opioid use disorders in humans

There is currently insufficient information with regard to the
association between GLP-1 administration and risk of OUDs
(Table 2). Notwithstanding, a retrospective cohort study con-
ducted by Qeadan et al. (2025) reported that GLP-1 administration
was associated with lowered levels of opioid overdose in
individuals with OUD (7.1% vs 15.7%). When comparing between
disease-based cohorts, individuals with diabetes and OUD
exhibited a lower rate of opioid overdose following GLP-1/GIP
administration (aIRR = 0.62, 95% CI [0.46, 0.82]) (Qeadan et al.,
2025). These findings were replicated in individuals with obesity
and OUD (aIRR = 0.67, 95% CI [0.49, 0.92]), and individuals with
diabetes, obesity, and OUD (aIRR = 0.65, 95% CI [0.48, 0.88])
(Qeadan et al., 2025). Evidently, further research is required to
elucidate the mechanism and effects of various GLP-1 RAs on
OUDs in humans.

Effects of GLP-1 RAs on opioid use disorders in animal
models

We identified 9 studies that reported on the effect of disparate
GLP-1 RAs on opioid self-administration and seeking behaviour in
animal models.

Effects of exenatide on opioid use disorders in animal models

Bornebusch et al. (2019) examines the effect of exenatide on the
self-administration of remifentanil - a synthetic opioid drug. They
reported that administration of 10 pg/kg exendin-4 (Ex-4) did not
significantly affect the rate of acquisition or number of
remifentanil reinforcers in B6 mice (p > 0.05) (Bornebusch
et al., 2019). In contrast, however, a study by Douton et al. (2021a)
reported that administration of 2.4 pg/kg Ex-4 increased the
latency to first contact (p < 0.05) and contacts (p < 0.05) with the
active spout for heroin in comparison to vehicle administration (n
= 24). Notwithstanding, acute treatment of Ex-4 six hours prior to
drug-induced reinstatement tests did not affect heroin-seeking
behaviour (p > 0.05) (Douton et al., 2021a). This suggests that
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there may be possible dosage-related effects that may affect
exenatide effects on heroin-seeking behaviour and self-
administration.

A separate study by Zhang et al. (2020a) reported that systemic
administration of Ex-4 decreased motivation to self-administer
oxycodone (n = 20; p < 0.05). Additionally, Ex-4 pre-treatment
directly to the nucleus accumbens shell attenuated oxycodone self-
administration (p < 0.05) and cue-induced reinstatement of drug-
seeking behaviour (p < 0.05) (Zhang et al., 2020a). These findings
were replicated in a separate study by Zhang et al. (2021), wherein
administration of Ex-4 decreased frequency of fentanyl self-
administration and active lever responses (n = 27; p < 0.05).
Additionally, Ex-4 significantly attenuated reinstatement of
fentanyl-seeking behaviour (n = 13; p < 0.05) (Zhang et al,
2021). Taken together, these findings suggest that administration
of exenatide reduces opioid self-administration and may improve
opioid-seeking behaviours.

Effects of liraglutide on opioid use disorders in animal models
We identified 5 studies that examined the effects of liraglutide on
opioid self-administration and seeking behaviour in animal
models (Table 3). Findings by Urbanik et al. (2022) reported that
liraglutide administration was associated with significantly
reduced cue-induced fentanyl seeking behaviour in comparison
to saline administration (p < 0.05). These trends were replicated in
both low drug takers (n = 10; p < 0.05) and high drug takers
(n = 14; p < 0.05). A separate study by Urbanik et al. (2025)
reported similar trends in female Sprague-Dawley rats, wherein
pre-treatment of liraglutide was associated with reduced drug-
induced fentanyl-seeking behaviour (p = 0.0001) during reinstate-
ment tests. These findings were replicated in low drug takers at
hour 1 of the experiment (p = 0.0499), but not at hour 4
(p = 0.4532), and in high drug takers at hour 4 of the experiment
(p < 0.05), but not at hour 1 (p = 0.7109) (Urbanik et al., 2025).
These findings were further supported by a separate study by Evans
et al. (2022) (n = 52), wherein liraglutide administration was
associated with attenuating self-administration of heroin in low
heroin takers (F;3o = 20.70, p < 0.0001) and high heroin takers
(F333 =11.99, p < 0.0001) over time. Additionally, liraglutide also
reduced infusion attempts in comparison to vehicle administration
(p < 0.05) (Evans et al., 2022).

In a study by Douton et al. (2021b) (n = 95), liraglutide
administration was associated with increased time to contact with
the heroin-associated spout (p < 0.05) and consistently decreasing
self-administration of heroin (F;;4, = 10.73; p < 0.01).
Additionally, liraglutide administration was associated with


https://doi.org/10.1017/neu.2025.10038

ssaud Ausianiun abprquied Aq auljuo paysiignd 8001 °5z0z Nau/L0L 0L/Bio 10p//:sdny

Table 3. Study characteristics investigating effect of GLP-1 agonists on opioid use disorders in animal models

Author(s) Study type Sample size Reinstatement stimuli Outcome(s) of interest
Exenatide
Bornebusch Animal study Male B6 mice Ethanol self-administration 10 pg/kg Ex-4 was administered to mice.
et al. (2019) Remifentanil self-administration Administration of Ex-4 did not significantly affect the rate of acquisition or number of remifentanil reinforcers
(p > 0.05).
Douton et al. Animal study 55 male Sprague- Cue-Induced Heroin Rats were administered daily with 2.4 pg/kg Ex-4 (n = 25) or vehicle (n = 24).
(2021a) Dawley rats Seeking Reinstatement Administration of Ex-4 significantly increased the latency to first contact (p < 0.05) and contacts (p < 0.05)
Drug-Induced Heroin Seeking with the active spout for heroin in comparison to vehicular treatment.
Reinstatement Treatment of Ex-4 six hours prior to drug-induced reinstatement tests did not affect drug-induced heroin
seeking behaviour (p > 0.05).
Zhang et al. Animal study Male Sprague- Oxycodone self- Rats were systemically administered with Ex-4 (0.3 and 3.0 pg/kg) or pretreated (0.005 or 0.05 pg) 10 minutes
(2020a) Dawley rats administration Cue-Induced prior to each trial.
Oxycodone-Seeking Systemic administration of Ex-4 (n = 20) at 0.3 and 3.0 pg/kg decreased motivation to self-administer
Reinstatement oxycodone (p < 0.05), characterised by decreased total oxycodone infusions prior to reaching a specific
threshold on a progressive-ratio schedule of reinforcement. Similarly, pretreatment of Ex-4 (0.005 or 0.05
ug) in the nucleus accumbens shell attenuates oxycodone self-administration (p < 0.05) and cue-induced
reinstatement of drug-seeking behavior (p < 0.05).
Zhang et al. Animal study Male Sprague- Fentanyl self-administration Administration of 0.72 nmol/kg exendin-4 decreased levels of fentanyl self-administration and active lever
(2021) Dawley rats Cue-Primed Reinstatement responses (n = 27; p < 0.05), but not at 0.072 nmol/kg exendin-4 (n = 27; p > 0.05).

Administration of 0.072 nmol/kg (n = 13) and 0.72 nmol/kg (n = 13) exendin-4 significantly attenuated
reinstatement of fentanyl-seeking behavior (p < 0.05). The effect was more pronounced in rats
administered with 0.72 nmol/kg exendin-4, although this relationship was insignificant.

Liraglutide

Douton et al. Animal study 63 male Sprague- Cue-Induced Heroin Seeking Rats were administered with 0.06 mg/kg liraglutide daily for three days, ramping up to 0.3 mg/kg liraglutide

(2022) Dawley rats Reinstatement Drug-Induced daily for three days, and up to 1.0 mg/kg liraglutide for three more days. Rats were pre-treated with 0.3 mg/
Heroin Seeking Reinstatement kg liraglutide 6 hours prior to extinction and reinstatement of heroin-seeking behaviour.

Rats that were treated with liraglutide exhibited significant decreases in cue-induced seeking behaviour
during extinction (p < 0.05) and drug-induced reinstatement of heroin seeking (p < 0.05). A significant
group X pretreatment X time interaction was observed (F, 35 = 7.07; p < 0.005), wherein vehicle-treated
rats with a history of heroin self-administration exhibited greater heroin-seeking behaviour than heroin-
liraglutide-treated controls in hour 1, wherein extinguished seeking behaviour was observed by hour 3.
Additionally, rats treated with liraglutide made significantly fewer contacts with active spouts for heroin
self-administration in comparison to vehicle treated rats (p < 0.001).

These trends were replicated following 14 days of abstinence, wherein liraglutide pretreatment was
associated with reduced cue-induced heroin seeking behavior (p < 0.05). Additionally, liraglutide reduced
spout contacts in comparison to vehicle administration (p < 0.05), whilst simultaneously reducing stress-
induced reinstatement of heroin seeking behaviour (p < 0.05).

Douton et al. Animal study 95 male Sprague- Cue-Induced Heroin Seeking Rats were administered daily with 0.1 mg/kg liraglutide or vehicle.

(2021b)

Dawley rats

Reinstatement Drug-Induced
Heroin Seeking Reinstatement

Liraglutide administration was associated with increased time to contact with the heroin-associated spout
(p < 0.05). Additionally, liraglutide consistently decreased self-administration of heroin in each trial, but the
effect of treatment was significant only after hour 5 (between hours 1-6) of the trial (F; 14 = 10.73;
p < 0.01).

Administration of liraglutide was associated with significantly lowered levels of active spout contacts in
comparison to vehicle administration during drug-induced reinstatement of heroin-seeking behaviour (t(8)
= 2.57; p < 0.05).

(Continued)

DoLIDIYIASAOINaN DIDY


https://doi.org/10.1017/neu.2025.10038

2 c o =
< S £ >
ob = = o ) S
IS < c= he] =1 ) = &
©c = SRS T R 2cg
2 o a > c [7] v 9 g
o =3 = — © o o £ X = 5
= 2 g |2 § |»m 2% =283
= = k=1 I o — 3‘3 =
Y S = oo g [l S EBED
£ 2 5 | £8|s % S
W O 7] = [T L © 2 o5
~ = [ o S| £ o c
1S g = X 0 | @ Cg - o
@ S = © — = o & clB 9
P = 2| © P =35 O
o el (oY) c + 0 © >
> I @ S s w 909 Too
) o o = 2| = ts 5T 0
= o =) © S on| = = S .5 =
= o 5 9= © © =5 o5 o
o0 W [} = < o c = ==
€ = ) T 5| 3 = o7 o W
4 > - Y|l s wlg
n! g B v S8 & 2 L= O
@ < § g Tw|lg =T I E
I o >
e 2 8 |3 £5§ s 235
-~ c &= 0 o = 5 = @C%‘J
5 @ 5 ®m 38| €5 <5
o [ 1 O © £ 9 IR
h7S 1) [} D @ P =T ) _QEE
|l & < o 2| o o (=R
= (e = Q> =S
g 2 2 D s z°|E xXB £85&
e E © = o fz|09 o o =0 o
 © c = = >0 |2 2 %E
5 - Su® |8 Tcols =< 89S
. > v c = o S= |9 o > =7
v | = g £ = R o | o < 0 Il
KO8 I O c <
g s 5T H E-Dg 52 Soao
— . N c C = @ = =
6 P 9lcx| g o= . 50 .5l v =
S =X >3owm| > 2|y 8 g =9 @ &=
£ | o (s} =59 | ® V> ~ Q9
S| £ —®o| T 9O |® &’dg'cvxo-
S T35y Eo|D 3T988vE°S
e 282YVIS FTy|lo 21355 wV
3 € o = = S
S @o==|86 Tals wSigozs
o SyEc|E  £7/C ogalfS<
T SoRS|TISS|T ZesEEEs
+ w o—_ -
5 S ~; 0| & OB | ® SEY S >Z3
= =] < |l & © | & — = © =
W SR B H| € A5 .G 308 <
© 0202 o |l o O 30E 5 &«
= AL =0 NS o cEGS =
= 27 CE|uve8E|luv Tl Hhe T
- A ‘e h—4
£ SI15s|2g=zg|2ll®y,®Fe 53
§ [T ] © [7] c O v < _C-OCEDO-—
CREL|BE5C|E 85w
™ o— —
B SLEC | cwsSe|csEo5EERg
a = EEE: éx —cwﬁ:;_g
[J] ISR S S ® s M e =] =
‘&';uiu_gé.E> ‘g_c.ﬁm 'gao';o.‘agom
c >89 [ P E ol P we 0w EDBSE
'_%L‘:E £ = 2L |=50c 0E o X
Eo%cBcs| %3<sc|8cse=vas 9
SPESSS  2f o8 |2geo550%0°
VES005 Sz R|oPELSTS we
cuz‘a.: 2| S oE 2|3 © 3o e = ©
S dVE| S22 E|ISQTcc2IFE
n 2P 35 WG| T LT T O F
*(;GJW‘C () E"’.’:U TSEE"D‘Q,:V‘""'
(-4 < = (-4 ] =4 o ]
- -
c c
2 9] 9]
T o T £ T E
= 3 € c o c Y o
= o S O S O &
£ £S329 X S © X S ®©
SRR $3% |33
2 8 =G wnEs oSS
- v b & —= oo @ —= oo O
c D > 3 > o
o c=2¢ S w SZw
£l o S0 & S0 e
Q| 5 = B0 C oz C o =
= 9 c o o c =X U c =<
© | T o< w o 9 w o 9
B o EY - £ & - £EQ&
SRR 8= [82=
| S8 ¢ S8 e S8 g
T v = T v ®© T v ®©
cc?@ cce cce
5 T 5T o ;T 5
Sx T Yo o
O (e} (e}
, , >
] [ =
& & =) =
% | © 2 © 8 ©
0| ot s e
o o
o V> 0 o5 9 g
SR 23 T &
s T T = E Qg
v E© E© ¢ G
~ 2 < 0 N
n N ~
o | > > >
Q| © © ©
‘B\ p=} p=} =}
2 =] =]
> (%] (%] (%]
= © ©
& E £ £
C C C
g << << <<
]
2
5 : 3 3
S 3 2 2
= < 5]
O |z <
= ° = =
. “w — = — = —
W [8 29 SN s Q
L5 Sg = ==
8 < iras o o
-

https://doi.org/10.1017/neu.2025.10038 Published online by Cambridge University Press

Abbreviations: N/A = Not Available, Ex-4 = Exendin-4.

Hezekiah C.T. Au et al.

lowered levels of active spout contacts in comparison to vehicle
administration during drug-induced reinstatement of heroin-
seeking behaviour (t(8) = 2.57; p < 0.05) (Douton et al., 2021b).
These trends were supported in a separate study by Douton et al.
(2022) (n = 63), wherein liraglutide reduced cue-induced seeking
behaviour during extinction (p < 0.05) and drug-induced
reinstatement of heroin seeking (p < 0.05). Similarly, rats treated
with liraglutide made fewer contacts with active spouts for heroin
self-administration in comparison to vehicle treated rats (p <
0.05), simultaneously reducing stress-induced reinstatement of
heroin seeking behaviour (p < 0.05) (Douton et al., 2022). These
results suggest that liraglutide may reduce opioid-seeking
behaviour and opioid consumption in both low and high drug
takers.

Discussion

To our knowledge, this review is the first study to systematically
examine the effects of GLP-1 RAs on individuals and animal
models of OUDs. Extant literature reports that administration of
disparate GLP-1 RAs are associated with reducing risk of opioid
overdose in humans, whilst attenuating opioid self-administration,
opioid-seeking behaviour, and drug-induced reinstatement of
opioid-seeking behaviour in animal models.

Overall, our results indicate that GLP-1 RA administration is
associated with reducing self-administration of various opioids
and attenuate cue-induced reinstatement of opioid-seeking
behaviour. Specifically, exenatide administration also increased
the latency to first contact and subsequent contacts with the heroin
spout. Administration of Ex-4 directly to the nucleus accumbens
also attenuated opioid-seeking behaviour in animal models, which
strongly suggests that GLP-1 RA effects on opioid seeking and
consumption may be modulated directly via mesolimbic reward
pathways. Similarly, liraglutide administration was associated with
reduced opioid-seeking behaviour and infusion attempts, further
supporting the notion that GLP-1 receptor agonism may modulate
improvements in OUDs via reward pathways.

Indeed, extant imaging studies has highlighted that GLP-1
receptor agonism may alter functional connectivity in the nucleus
tractus solitarius, which may also affect downstream connections
to the ventral tegmental area (VTA) and subsequent projections to
the nucleus accumbens (Au et al, 2024; Blum et al, 2025).
Additionally, GLP-1 receptors on GABAergic spiny neurons in the
nucleus accumbens shell may also subserve inhibition of the
reward pathway following GLP-1 RA administration (Zhang et al.,
2020b). Given the importance of the aforementioned pathways
and specifically the nucleus accumbens in modulating dopami-
nergic neuronal signalling, it is likely that GLP-1 RAs inhibit this
pathway to attenuate various symptoms of OUD observed in this
study (Nicola et al., 2005).

Extant studies have shown that endogenous GLP-1 signalling
from GLP-1 containing neurons in the nucleus tractus solitarius
may modulate substance-mediated disorders (e.g. AUD) (Jerlhag,
2018). Additionally, GLP-1 mono-agonists and GLP-1/GIP dual
agonists may modulate reward pathways via different mecha-
nisms. Notably, administration of GLP-1/GIP dual agonists has
been reported to exhibit greater hypoglycaemic effects and weight
loss (Inagaki et al., 2022). Given the complex interplay among
insulinotropic effects, weight loss, and dopaminergic signalling, it
is important to highlight that the GIP component of GLP-1/GIP
dual agonists may also further contribute to reductions in drug-
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seeking behaviours (Daws et al., 2011; Koritzky et al, 2014;
Grespan ef al., 2021).

Although our review observed an association between GLP-1
receptor agonism and reduced risk of opioid overdose, no causal
link between GLP-1 receptor agonism and opioid use can be
established. Specifically, clinical data examining the ability of
endogenous GLP-1 and GLP-1 RAs to attenuate opioid-seeking
behaviour remains limited, which hinders our ability to establish
causal relationships. Notably, the included studies did not directly
assess the effects of specific GLP-1 RAs on OUD treatment
outcomes, and there are currently no published clinical trials
examining the aforementioned interaction. To our knowledge,
there are currently three ongoing clinical trials that are examining
the effects of GLP-1 mono-agonists and dual agonists
(NCT06651177, NCT06639464, NCT06548490) expected to end
around 2027, which may provide necessary information with
regards to whether GLP-1 RAs can be prescribed for individuals
with OUD.

Inferences and interpretations of our systematic review may be
affected by methodological limitations. Our review had a relatively
limited number of studies that examined the effect of GLP-1 RAs
on OUD. Opioids such as oxycodone, fentanyl, heroin, and
remifentanil were examined, wherein these agents have varying
mechanisms of actions that may introduce heterogeneity and limit
the generalisability of our findings. In addition, sex-dependent
effects may also confound our findings. Furthermore, adminis-
tration of GLP-1 RAs varied in dosage and frequency (i.e. acute vs.
chronic administration), wherein dosage-dependent effects may
impact the findings of our study. Finally, consistent positive
findings from small animal studies may reflect on the presence of
potential publication bias. Notwithstanding, future research
should be directed to examining the effects of disparate GLP-1
RAs on OUD in larger clinical trials.

Conclusion

GLP-1 RAs may reduce both self-administration and overdose risk
as evidenced by both preclinical and clinical data, reduce the
severity of OUDs and alleviate risk of opioid overdose. There is a
need for adequately large and well-controlled studies to determine
whether GLP-1 RAs may provide for clinically meaningful
improvement and risk reduction in persons living with OUD.
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