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Objectives: The current study evaluated the association between glucagon-like
peptide-1 receptor agonists (GLP-1 RAs) and substance use disorders (SUD) in
type 2 diabetes and obesity.

Methods: We conducted a retrospective nested case-control study using the All
of Us Research Program data. Cases were defined as diabetes/obese individuals
with a new diagnosis of alcohol use disorder (AUD), opioid use disorder (OUD),
nicotine use disorder (NUD), or cocaine use disorder (CUD). Control participants
were drawn from individuals with diabetes or obesity who had no documented
history of SUD. Conditional logistic regression was performed to estimate the
association between SUD and GLP-1 RA exposure.

Results: The study included a total of 22,652 participants in the AUD group,
13,226 in the OUD group, 42,320 in the NUD group, and 9,296 in the CUD group;
each group comprised both cases and matched control participants. GLP-1 RA
use was associated with a 74% reduction in the odds of AUD (odds ratio [OR] =
0.26; 95% confidence interval [Cl]: 0.20-0.34), a 69% reduction in the odds of
OUD (OR = 0.31; 95% Cl: 0.23-0.42), a 68% reduction in the odds of NUD (OR =
0.32; 95% Cl: 0.27-0.39), a 75% reduction in the odds of CUD (OR = 0.25; 95% ClI:
0.16-0.40), and 75% lower odds of any SUD compared with non-users
participants (OR = 0.25, 95% CI 0.22-0.30).

Conclusions: GLP-1 RA use was consistently associated with lower odds of
developing SUDs among individuals with type 2 diabetes or obesity. These
findings suggest potential for GLP-1 RAs to help mitigate SUD in these populations.
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1 Introduction

Substance use disorders (SUDs) represent a major global public
health challenge, contributing significantly to morbidity, premature
mortality, and socioeconomic burdens (1). The World Health
Organization estimates that over 270 million people worldwide are
affected by SUDs, with annual cost exceeding $700 billion due to
healthcare utilization, criminal justice involvement, and productivity
losses (2). The annual medical cost associated with SUD in the United
States exceeded $13 billion in 2017, highlighting the substantial
economic burden of SUD on our healthcare system (3). While
pharmacotherapies combined with behavioral interventions can be
effective, relapse rates remain high, exceeding 50% within the first-
year post treatment (4-6). Some behavioral strategies are limited in
scalability, efficacy, poor long-term adherence, and accessibility
issues, indicating the urgent need for novel, targeted interventions
that can reduce SUD (7-10).

One promising strategy involves repurposing existing
medications with well-established safety profiles (11). For example,
glucagon-like peptide-1 receptor agonists (GLP-1 RAs s), originally
developed for the treatment of type 2 diabetes and obesity, have
recently emerged as potential candidates in the treatment of SUDs
(12). Agents such as liraglutide and semaglutide, regulate metabolic
functions by enhancing glucose-dependent insulin secretion,
contributing to a suppression in appetite and weight loss (13).
Studies suggested that GLP-1 receptors are located in the human
brain—particularly within the hypothalamus, underline a central
mechanism contributing to their effects on glucose metabolism and
weight loss (14, 15). GLP-1 receptors are expressed in brain regions
central to reward and reinforcement, including the ventral tegmental
area and nucleus accumbens. Preclinical research indicated that that
GLP-1 RAs attenuate dopamine release, consequently reducing
cravings and compulsive drug-seeking behaviors (13, 16, 17).
Animal studies have demonstrated that GLP-1 RAs reduce the self-
administration of alcohol, opioid, nicotine, and cocaine that effects
are believed to be mediated through interactions with the mesolimbic
dopamine system. For example, liraglutide (0.1 mg/kg) significantly
reduced voluntary alcohol consumption in male rats using a two-
bottle choice paradigm; even lower doses (0.05 mg/kg) were effective
in alcohol-preferring strains (18).

Despite promising findings in animal studies, human studies
remain limited. Observational data among patients with alcohol use
disorder (AUD) and comorbid diabetes or obesity suggests that
GLP-1 RAs use may be associated with reduced risk of AUD-related
hospitalization (19). Small-scale clinical trials and cohort studies
have also reported decreased substance cravings and relapse rates
among individuals treated with GLP-1 RAs (20-24). However, these
studies are constrained by small sample sizes, short follow-up
periods, and limited generalizability across diverse populations.

Abbreviations: AUD, Alcohol Use Disorder; CI, Confidence Interval; CUD,
Cocaine Use Disorder; NUD, Nicotine Use Disorder; OR, Odds Ratio; OUD,
Opioid Use Disorder; GLP-1 RAs, Glucagon-like Peptide-1 Receptor Agonists;
SUD, Substance Use Disorder.
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Notably, the real-world impact of GLP-1 RA on multiple co-
occurrence of SUD has not been systematically investigated. The
current study assessed whether the use of GLP-1 RAs is associated
with a reduced risk of subsequent SUD diagnosis using a nested case-
control design. We hypothesized that individuals who are using GLP-
1 RAs would have lower odds of developing SUDs compared to non-
users. By leveraging the All of Us Research Program data, a nationally
representative longitudinal health data from a diverse population, our
findings provide new insights into the potential of GLP-1 RAs as a
novel therapeutic strategy for addiction management and lay the
groundwork for future clinical and translational research.

2 Materials and methods
2.1 Data source

Data was obtained from the AoU Research Program, a National
Institutes of Health-funded initiative designed to collect comprehensive
health data from diverse participants to advance precision medicine.
The dataset includes longitudinal electronic health records,
prescription medication records, sociodemographic information, and
participant-reported health surveys. Data were accessed through the
secured All of Us Researcher Workbench, a cloud-based platform
compliant with federal privacy and security standards (25). For this
study, we used the most recent All of Us Controlled Tier Dataset,
version 8 (v8), which was released in February 2025.

2.2 Study design and population

We conducted a retrospective nested case-control study within a
well-defined cohort of adults enrolled in the All of Us Research Program
to evaluate the association between GLP-1 RAs exposure and incident
SUD diagnoses. A nested case—control design is efficient for evaluating
relatively uncommon outcomes (Le.,substance use disorder) within a
large cohort and supports clear temporality between exposure and
outcome through index-date anchoring and matching.

The study population included adults aged 18 years and older
who were enrolled in the All of Us Research Program. To ensure
temporality between GLP-1 RA use and SUD onset, we established
the observation window from January 1, 2005 (the year of initial
GLP-1 RA approval) to February 24, 2025, based on the most recent
data available from the AoU dataset.

2.3 Cases and control definition

Cases were defined as individuals with a new (incident)
diagnosis of SUD, including AUD, opioid use disorder (OUD),
nicotine use disorder (NUD), or cocaine use disorder (CUD). The
SUD cases in our study were identified using standardized clinical
condition codes available in the All of Us Controlled Tier dataset.
The All of Us Research Program uses the Common Data Model, in
which Systematized Nomenclature of Medicine serves (SNOMED)
as the standard vocabulary for conditions. The All of Us research
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program systematically maps the international code of diseases to
standardized SNOMED concepts. Therefore, the SNOMED
concepts used in our study directly represent ICD-derived
diagnoses of AUD, OUD, NUD, and CUD. For this study, any
SUD was operationalized as the presence of at least one diagnosis of
AUD, OUD, NUD, or CUD. Participants were classified as having
“any SUD” if they met criteria for one or more of these individual
conditions. The index date was defined as the date of the first
documented SUD diagnosis during the observation period. To
ascertain incident cases, individuals with any prior SUD diagnosis
before the observation window were excluded. In addition,
participants with missing outcome variables, under 18 years old,
and those with no history of diabetes or/and obesity were excluded.
Controls were randomly selected from the All of Us cohort among
participants with no documented SUD diagnosis throughout their
follow-up. Each case was matched 1:1 to a control using propensity
score matching with a nearest-neighbor algorithm without
replacement. The following covariates: age, sex, race/ethnicity,
type 2 diabetes or obesity status, and type of oral hypoglycemic
agents were during matching. Covariate balance before and after
matching was assessed using standardized mean differences, with
values <0.1 considered indicative of acceptable balance.

2.4 Exposure definition

The primary exposure was GLP-1 RA use, defined as any
documented prescription fill for a GLP-1 RA (liraglutide,
semaglutide, exenatide, and dulaglutide) at least 90 days prior to
the index date, based on prescription records in the electronic
health record. This 90-day lag was implemented to account for the
time required for GLP-1 RAs to exert potential neuromodulatory
effects and to minimize reverse causality. Preclinical studies
demonstrate that sustained GLP-1 receptor activation alters
mesolimbic dopamine signaling over a period of time, and
emerging studies suggest that behavioral and craving-related
effects require continued exposure (26, 27).

The start date of prescription were identified using the
Observational Medical Outcomes Partnership Common Data
Model (CDM). Exposure was coded as a binary variable (1 =
exposed, 0 = unexposed). Non-GLP-1RA users (unexposed) were
individuals with no record of GLP-1RA prescriptions before the
index date.

2.5 Statistical analysis and sensitivity
analyses

Descriptive analyses were conducted to examine baseline
differences between case and control groups. Categorical variables
are reported as frequencies and percentages, while continuous
variables are summarized using means and standard deviations.
As all eligible cases from the database were included and the sample
size was inherently determined by disease incidence, no formal
sample size or power calculation was carried out.

The association between GLP-1 RA exposure and the odds of SUD
was estimated to use conditional logistic regression, which accounted
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for the nested case control design. The primary outcome was the odds
of each SUD subtype (AUD, OUD, NUD, or CUD). Subgroup analyses
stratified by the type of GLP-1 RA were performed. In addition,
sensitivity analyses were conducted based on obesity and gender
difference. Results were reported as odds ratios (ORs) and
corresponding 95% confidence intervals (Cls). Statistical significance
was defined as a two-sided p-value <0.05. Model fit was assessed using
the Hosmer-Lemeshow goodness-of-fit test. Missing data for covariates
(<5% for most variables) were handled using multiple imputations by
chained equations. All analyses were performed using R (version 4.5.0)
within the AoU Researcher Workbench environment. We followed the
Strengthening the Reporting of Observational studies in Epidemiology
guidelines to ensure transparent and comprehensive reporting of this
observational study (28).

3 Results
3.1 Baseline characteristics of participants

Among 142,349 participants with type 2 diabetes or obesity in
the All of Us Research Program, individuals were classified into four
SUD cohorts: AUD, OUD, NUD, and CUD. After identifying cases,
final analytic sample sizes were 22,652 for AUD, 13,226 for OUD,
22,320 for NUD, and 9,296 for CUD.

The AUD cohort included 11,326 cases and 11,326 controls
(n=22,652) participants. The mean age in the AUD cohort was
similar between cases and controls (55.1 years; standard deviation
[SD] = 15). Males represented 56.1% of cases and 53.9% of controls,
while females accounted for 41.6% and 45.6%, respectively. White
participants comprised 43.4% of cases and 46.3% of controls, and
Black participants 27.3% and 25.4%, respectively. Approximately
79% of participants in both groups identified as non-Hispanic, and
around 17-18% as Hispanic. GLP-1 RA use was similar between
groups (0.7% in cases vs. 0.9% in controls) (Table 1).

The OUD cohort, on the other hand, comprised of 6,613 cases
and 6,613 controls (n = 13,226). The mean age was comparable
(52.2 vs. 52.6 years) across cases and controls in the OUD cohort.
Females accounted 55% of cases and 58% of controls. Racial and
ethnic profiles were also comparable: approximately 45% of
participants were White in both groups, and ~20% identified as
Hispanic. GLP-1 RA use was higher among controls (2.5%) than
cases (0.9%) (Table 1).

The NUD cohort included 21,160 cases and 21,160 controls
(n=42,320). Mean age in the NUD cohort was similar between cases
and controls (54.0 vs. 53.8 years). Slightly more females were
observed in the control group (58.3%) compared to cases (54.4%).
Racial distributions were balanced, with non-Hispanic Whites
representing 45.4% of both groups and Black individuals 28.5%
vs. 25.4% (cases vs. controls). Hispanic ethnicity represented (~21%
in both groups). GLP-1 RA use was more frequent among controls
(2.4%) than cases (0.8%) (Table 1).

The CUD cohort included 4, 648, cases and 4, 648 controls
(n=9296) with mean age (53.1 vs. 52.8 years). A higher proportion
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TABLE 1 Baseline characteristics of participants in case and control groups across each SUD cohort.

AUD(n=22,652) OUD (n=13,226) NUD (n=42,320) CUD (n=9,296)
Variables

Case Control Case Control Case Control Case Control

(n=11326) (n=11326) (n= 6,613) (n=6,613) (n=21160) (n=21160) (n=4648) (n=4648)
Age(mean/SD) 55.1 (15) 55.1 (15) 522 (13) 52.6 (14.6) 54 (14.5) 53.8 (15.8) 53.1 (11) 52.8 (13.9)
Zz;z;ion on GLP-RA 7258 (92.9) | 725.8 (92.9) 7179 (952) | 717.9 (95.2) 7268 (927) | 7268 (927) | 717.8(932) | 717.8 (93.2)
Gender
Male 6352 (56.1%) | 6096 (53.9%) | 2820 (42.6%) | 2713 (41%) 9205 (43.5%) | 8631 (40.8%) | 2476 (53.3%) | 2302 (49.5%)
Female 4705 (41.6%) | 5159 (45.6%) | 3637 (55%) 3833 (58%) 11513 (54.4%) | 12331 (58.3%) | 2046 (44%) 2310 (49.7%)
Others 256 (2.3%) 58 (0.5%) 156 (2.4%) 67 (1%) 442 (2.1%) 198 (0.9%) 126 (2.7%) 36 (0.8%)
Race
White 4909 (43.4%) | 5235 (46.3%) | 3008 (45.5%) | 2966 (44.9%) | 9615 (45.4%) | 9615 (45.4%) | 942 (20.3%) 1454 (31.3%)
Black 3090 (27.3%) | 2869 (25.4%) | 1745 (26.4%) | 1847 (27.9%) | 6033 (28.5%) | 5375 (25.4%) | 2440 (52.5%) | 1672 (36%)
Asian 55 (0.5%) 119 (1.1%) 33 (0.5%) 58 (0.9%) 137 (0.6%) 274 (1.3%) 16 (0.3%) 48 (1%)
Others 3090 (27.3%) | 3090 (27.3%) | 1827 (27.6%) | 1742 (26.3%) | 5763 (27.2%) | 5896 (27.9%) | 1250 (26.9%) | 1474 (31.7%)
Ethnicity
Non-Hispanic 8957 (79.2%) | 9002 (79.6%) | 5276 (79.8%) | 5313 (80.3%) | 16775 (79.3%) | 16721 (79%) | 3757 (80.8%) | 3796 (81.7%)
Hispanic 2356 (20.9%) | 2311 (20.5%) | 1337 (20.2%) | 1300 (19.7%) | 4385 (20.7%) | 4439 (21%) 891 (19.2%) 852 (18.3%)
Education
No high school diploma 4305 (38%) 4699 (41.5%) | 2623 (39.7%) | 2851 (43.1%) | 8405 (39.7%) | 9509 (44.9%) | 1723 (37.1%) | 2007 (43.2%)
High school diploma 4676 (41.3%) | 3890 (34.3%) | 3019 (45.7%) | 2638 (39.9%) | 8609 (40.7%) | 6740 (31.9%) | 2538 (54.6%) | 2038 (43.8%)
College and above 2345 (20.7%) | 2737 (24.2%) | 971 (14.7%) 1124 (17%) 4146 (19.6%) | 4911 (23.2%) | 387 (8.3%) 387 (8.3%)
Employment
Employed 2292 (202%) | 2263 (20%) 700 (10.6%) 651 (9.8%) 5091 (24.1%) | 5193 (24.5%) | 483 (10.4%) 420 (9%)
Unemployed 9034 (79.8%) | 9063 (80%) 5913 (89.4%) | 5962 (90.2%) | 16069 (75.9%) | 15967 (75.5%) | 4165 (89.6%) | 8393 (90.3%)

Annual Income

<25k 4743 (41.9%) | 4531 (40%) 3311 (50.1%) | 3197 (48.3%) | 8305 (39.2%) | 7941 (37.5%) | 2773 (59.7%) | 2662 (57.3%)
25k-50k 1608 (14.2%) | 1830 (16.2%) | 817 (12.4%) 922 (13.9%) 3339 (15.8%) | 3668 (17.3%) | 430 (9.3%) 591 (12.7%)
50k-100k 1416 (12.5%) | 1579 (13.9%) | 566 (8.6%) 673 (10.2%) 2805 (13.3%) | 3180 (15%) 171 (3.7%) 334 (7.2%)
100k-200k 663 (5.9%) 852 (7.5%) 173 (2.6%) 252 (3.8%) 1293 (6.1%) 1571 (7.4%) 48 (1%) 134 (2.9%)
>200k 2896 (25.6%) | 5430 (24%) 1746 (264%) | 1569 (23.7%) | 5418 (25.6%) | 4800 (22.7%) | 1226 (264%) | 927 (19.9%)

Health Insurance

Insured 10261 (90.6%) | 10326 (91.2%) | 6085 (92%) 6105 (92.3%) 19354 (91.5%) | 19470 (92%) 4073 (87.6%) 4081 (87.8%)

Not insured 1000 (8.8%) 1000 (8.8%) 528 (8%) 508 (7.7%) 1806 (8.5%) 1690 (8%) 575 (12.4%) 567 (12.2%)

Marital Status

Married 3012 (26.6%) | 2994 (26.4%) | 1476 (22.3%) | 1432 (21.7%) | 6296 (29.8%) | 6291 (29.7%) | 596 (12.8%) 514 (11.1%)
Unmarried 8314 (73.4%) | 8332 (73.6%) | 5137 (77.7%) | 5181 (78.3%) | 14864 (70.2%) | 14869 (70.3%) | 4052 (87.2%) | 4134 (88.9%)
Medications
GLP-1 Agonist 74 (0.7%) 287(2.5%) 61 (0.9%) 184 (2.4%) 174 (0.8%) 503(2.4%) 25 (0.5%) 90(2%)
Metformin 3130 (27.7%) | 2993 (26.5%) | 1689 (25.5%) | 1628 (24.6%) | 5792 (27.4%) | 5570 (26.3%) | 1405 (30.2%) | 1385 (29.8%)
Sulfonylureas 1106 (9.8%) 1004 (8.9%) 594 (9%) 556 (8.4%) 2061 (9.7%) 1979 (9.4%) 462 (9.9%) 447 (9.6%)
Insulin 4270 (37.7%) | 4108 (36.3%) | 2956 (44.7%) | 2877 (43.5%) | 8041 (38%) 7688 (36.3%) | 2040 (43.9%) | 2029 (43.7%)
SGLT2i 784 (6.9%) 713 (6.3%) 363 (5.5%) 342 (5.2%) 1360 (6.4%) 1297 (6.1%) 331 (7.1%) 285 (6.1%)
DPP4i 518 (4.6%) 483 (4.3%) 278 (4.2%) 262 (4%) 5235 (24.7%) | 5157 (24.4%) | 1101 (23.7%) | 1029 (22.1%)
Naltrexone 851 (7.5%) 851 (7.5%) 447 (6.8%) 389 (5.9%) 843 (4%) 632 (3%) 454 (9.8%) 377 (8.1%)
(Continued)
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TABLE 1 Continued

AUD(n=22,652)

OUD (n=13,226)

10.3389/fpsyt.2026.1766770

NUD (n=42,320) CUD (n=9,296)

variables Case Control Case Control Case Control Case Control
Medications

Statin 5639 (24.9%) | 2755 (24.4%) | 3028 (45.8%) | 3009 (45.5%) | 10635 (50.3%) | 10300 (48.7%) | 2530 (54.4%) | 2383 (51.3%)
Comorbidity

DM 6343 (56.1%) | 6101 (53.9%) | 3834 (58%) 3806 (57.6%) | 11793 (55.7%) | 11547 (54.6%) | 3363 (724%) | 3393 (73%)
Obesity 8470 (74.9%) | 8739 (77.2%) | 5171 (78.2%) | 5255 (79.5%) | 16490 (77.9%) | 16675 (78.8%) | 2852 (61.4%) | 2817 (60.6%)

AUD, Alcohol use disorder, CUD, cocaine use disorder, NUD, Nicotine use disorder, OUD, Opioid use disorder. To comply with the All of Us data dissemination policy and protect participant

privacy, variables with fewer than 20 participants were not released or published.

of males were observed among cases (53.3%) compared to controls
(49.5%). Black individuals constituted 52.5% of cases and 36.0% of
controls, while White participants made up to 31.3% and 20.3%
respectively (Table 1).

We also evaluated the co-occurrence of different substance use
problems. Among 142,349 participants with type 2 diabetes or
obesity in the All of Us Research Program, we assessed co-
occurrence across four SUD phenotypes—AUD, CUD, OUD, and
NUD. Overall, 27,823 participants had exactly one SUD diagnosis
(19.5%), 8,332 had two SUD diagnoses (5.9%), and 3,028 had three
SUD diagnoses (2.1%). A total of 1,133 participants had all four
SUD diagnoses (0.8%).

We further examined pairwise co-occurrence among AUD,
OUD, NUD, and CUD. Among the study population, AUD co-
occurred most frequently with NUD, affecting 7,769 participants
(5.5%). Co-occurrence of AUD and CUD was observed in 3,022
participants (2.1%), while AUD and OUD co-occurred in 2,535
participants (1.8%). These findings highlight substantial
heterogeneity in SUD comorbidity patterns, with alcohol-nicotine
related-disorders representing the most prevalent pairing in this
population (Supplementary Figure 1).

3.2 Association between GLP-1RA
exposure and alcohol use disorder

In this nested case-control analysis, exposure to GLP-1 RA was
consistently associated with significantly reduced odds of an AUD
diagnosis. Overall, any exposure to GLP-1 RA was associated with
74% lower odds of AUD (OR = 0.26; 95% CI: 0.20-0.34; p = 0.0001).
When analyzed by specific agents, all GLP-1 RAs demonstrated
statistically significant protective associations. The strongest
association was observed with semaglutide, which was associated
with an 85% reduction in odds of AUD (OR = 0.15; 95% CI: 0.07-
0.34; p = 0.0001), followed by dulaglutide (OR = 0.18; 95% CI: 0.10-
0.33, p = 0.001), exenatide (OR = 0.25; 95% CIL: 0.13-0.48, p =
0.0001), and liraglutide (OR = 0.27; 95% CI: 0.18-0.40, p =
0.0001) (Figure 1).

3.3 Association between GLP-1RA
exposure and opioid use disorder

Exposure to any GLP-1 RAs was significantly associated with
reduced odds of OUD diagnosis. Overall, GLP-1 RA exposure was
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associated with 69% lower odds of OUD (OR = 0.31 (95% CI: 0.23-
0.42, p = 0.0001). When examined individually, each GLP-1 RA
demonstrated significant protective associations. Semaglutide was
associated with the largest reduction in odds of OUD (OR = 0.13;
95% CI: 0.04-0.43; p = 0.0009), reflecting an 87% decrease in risk.
Exenatide use was associated with a 72% reduction (OR = 0.28, 95%
CI: 0.13-0.59, p = 0.0008), and liraglutide with a 71% reduction (OR
= 0.29, 95% CI: 0.19-0.46, p = 0.0001). Dulaglutide use was
associated with a 64% lower risk of OUD (OR = 0.36, 95% CI:
0.20-0.64, p = 0.0006) (Figure 2).

3.4 Association between GLP-1RA
exposure and nicotine use disorder

Use of GLP-1 RAs was significantly associated with a reduced
odd of NUD. Individuals exposed to any GLP-1 RA had 68% lower
odds of NUD compared to unexposed individuals (odds ratio OR =
0.32; 95% CI: 0.27-0.39; p = 0.001). All four individual GLP-1 RAs
demonstrated significant protective associations. Liraglutide was
associated with the greatest reduction (OR = 0.30; 95% CI: 0.23-
0.40; p < 0.001), followed by Exenatide (OR = 0.30; 95% CI: 0.19-
0.47; p = 0.001), Dulaglutide (OR = 0.31; 95% CI: 0.21-0.44; p =
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FIGURE 1

Association between GLP-1 RAs exposure and alcohol use disorder.
Forest plot showing adjusted odds ratios (AORs) and 95%
confidence intervals (Cls) for the association between any GLP-1RA
exposure and individual GLP-1 RAs (dulaglutide, exenatide,
liraglutide, and semaglutide) with the odds of AUD in a nested case—
control analysis. Points represent AORs and horizontal lines indicate
95% Cls. All GLP-1RA exposures were associated with significantly
lower odds of AUD compared with non-exposure.
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FIGURE 2

Association between GLP-1 RAs agonist exposure and opioid use
disorder. Forest plot displaying adjusted odds ratios (AORs) with 95%
confidence intervals (Cls) for the association between exposure to
any GLP-1RA and individual GLP-1RAs (dulaglutide, exenatide,
liraglutide, and semaglutide) and the odds of an OUD diagnosis in a
nested case—control analysis. Points represent AORs and horizontal
lines indicate 95% Cls.

0.01), and semaglutide (OR = 0.38; 95% CI: 0.24-0.59; p =
0.001) (Figure 3).

3.5 Association between GLP-1RA
exposure and cocaine use disorder

Exposure to GLP-1 RA was significantly associated with a
reduced odds of CUD (OR = 0.25, 95%CI: 0.16-0.40, p = 0.0001).
When analyzed by individual agents, liraglutide demonstrated the
strongest protective association (OR = 0.13, 95% CI: 0.05-0.32, p =
0.0001), followed by dulaglutide (OR = 0.26, 95% CI: 0.11-0.60, p =
0.01) and semaglutide (OR = 0.27, 95% CI: 0.08-0.98, p = 0.046), all
of which were statistically significant. Although exenatide was
associated with a reduced odd (OR = 0.56), the finding was not
statistically significant (95% CI: 0.19-1.66, p = 0.292) (Figure 4).
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Dulaglutide F——=—— 031(021-044)
2
2
g
o Exenatide ——+——— 030(0.19-047)
d
=]
o
Liraglutide —s—— 0.30(0.23-0.40)
Semaglutide F———+—————1 038(0.24-059)
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FIGURE 3
Association between GLP-1 RAs exposure and nicotine use disorder.
Forest plot presenting adjusted odds ratios (AORs) with 95%
confidence intervals (Cls) for the association between exposure to
any GLP-1RA and individual GLP-1RA agents (dulaglutide, exenatide,
liraglutide, and semaglutide) and the odds of a nicotine use disorder
diagnosis in a nested case—control analysis. Points denote AORs and
horizontal lines represent 95% Cls. Exposure to any GLP-1RA and to
each individual agent was associated with significantly reduced odds
of NUD compared with non-exposure.
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FIGURE 4

Association between GLP-1 RAs exposure and cocaine use disorder.
Forest plot illustrating adjusted odds ratios (AORs) and 95%
confidence intervals (Cls) for the association between exposure to
any GLP-1RA and individual GLP-1RA agents (dulaglutide, exenatide,
liraglutide, and semaglutide) and the odds of a cocaine use disorder
diagnosis in a nested case—control analysis. Points indicate AORs
and horizontal lines denote 95% Cls. Overall GLP-1RA exposure and
most individual agents were associated with significantly reduced
odds of CUD, with liraglutide showing the strongest protective
association, while the association for exenatide did not reach
statistical significance.

3.6 Association between GLP-1RA
exposure and any substance use disorder

Exposure to GLP-1 RA was associated with significantly lower
odds of developing any substance use disorder. In our analysis,
participants with any GLP-1RA exposure had 75% lower odds of
any SUD compared with non-exposed participants (OR = 0.25, 95%
CI 0.22-0.30). Estimates for individual agents were consistent with
the overall finding: dulaglutide (OR = 0.22, 95% CI 0.16-0.31),
exenatide (OR = 0.26, 95% CI 0.18-0.37), liraglutide (OR = 0.23,
95% CI 0.18-0.29), and semaglutide (OR = 0.30, 95% CI 0.20-0.44).
All confidence intervals indicated statistically significant
associations (Figure 5). Complete numerical estimates for

Any GLP-1 exposure +— 0.25(0.22-0.30)

Dulaglutide —+——1 022(0.16-031)

2
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FIGURE 5

Association between GLP-1 receptor agonist exposure and the odds
of any substance use disorder. Forest plot showing adjusted odds
ratios (AORs) with 95% confidence intervals (Cls) for the association
between exposure to any GLP-1RA and individual GLP-1RA agents
(dulaglutide, exenatide, liraglutide, and semaglutide) and the odds of
developing any substance use disorder in a nested case—control
analysis. Points represent AORs and horizontal lines indicate 95%
Cls. Exposure to any GLP-1RA and to each individual agent was
associated with significantly lower odds of any SUD compared with
non-exposure, with all confidence intervals excluding the null value.
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Figures 1-5, including adjusted odds ratios, 95% confidence
intervals, and p-values, are provided in Supplementary Table 1.

3.7 Stratified analyses by sex and obesity
status

We conducted stratified analyses to evaluate whether the
association between GLP-1RA exposure and the odds of
substance use disorders differed by sex. Across all SUD outcomes
and individual GLP-1RA agents, the direction and magnitude of the
associations were generally comparable between females and males.
No meaningful differences were observed between sex-specific
estimates, providing no evidence of effect modification by sex
(Supplementary Figures 2, 3).

In addition, we performed stratified analyses by obesity status
among participants with diabetes to assess whether obesity
modified the association between GLP-1RA exposure and SUD
risk. Across all SUD outcomes and individual GLP-1RA agents,
effect estimates were largely consistent between participants with
and without obesity. Overall, these subgroup analyses did not reveal
meaningful heterogeneity in associations by obesity status,
indicating no evidence of effect modification by obesity
(Supplementary Figures 4, 5).

4 Discussion

Several important findings emerged in this large, nested case-
control study across different SUD cohorts. Exposure to GLP-1 RAs
was consistently associated with significantly reduced odds of SUD
cases. These findings suggest that GLP-1 RAs may exert behavioral-
modifying effects that extend beyond glycemic control and
weight loss.

The strongest associations were observed with semaglutide,
which showed the most robust protective effect across all SUD
categories, including an 85% reduction in AUD odds and an 87%
reduction in OUD odds. Other GLP-1 RAs, including dulaglutide,
liraglutide, and exenatide, also demonstrated statistically significant
reductions in risk. Although all evaluated GLP-1RAs were
associated with lower odds of SUD outcomes, the magnitude of
association varied across some agents. These differences should be
interpreted cautiously. In real-world data, GLP-1RAs differ in
clinical indications, uptake over time, adherence rate, typical
treatment duration, dose escalation, and patient selection, all of
which can introduce residual confounding and channeling bias (29,
30). Beyond these real-world considerations, pharmacologic
heterogeneity is biologically plausible given differences in
molecular structure, receptor signaling profiles, half-life, and
potency, which may influence downstream central effects (31).

Notably, the observed reductions in the odds of substance use
disorders, including a 74% decrease in the odds of AUD, a 69%
reduction for OUD, a 68% reduction for NUD, and a 75% reduction
for CUD, among GLP-1 RA users were consistent with emerging
preclinical and clinical studies showing that GLP-1 RA modulates
reward pathways in the brain to reduce SUD (17, 23). Animal models
have demonstrated that GLP-1 RAs reduce drug-seeking behavior
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and attenuate conditioned place preference for substances
such as alcohol, nicotine, and cocaine (32). While the exact
mechanisms remain to be fully elucidated, proposed pathways
include modulation of dopamine release, suppression of
neuroinflammation, and attenuation of stress-related neural circuits
(27). These neurobiological effects may underline the observed
reduction in SUD risk among GLP-1 RA users in our study. In
addition, the expression of GLP-1 receptor in the hypothalamus
regions could suggest that GLP-1RA treatment can alter central
responses in humans (26, 33). Together with translational evidence,
these data support the hypothesis that GLP-1 signaling can influence
mesolimbic reward pathways, potentially through modulation of
dopaminergic tone and downstream reinforcement learning
processes (34). In the context of SUD, such mechanisms could
plausibly reduce craving and compulsive drug-seeking, aligning
with preclinical work showing attenuation of substance-related
reinforcement and with emerging clinical data suggesting reduced
alcohol-related outcomes among GLP-1RA users (18, 35). While our
study does not establish causality or delineate mechanism, the
consistency of associations across multiple SUD categories aligns
with a shared neurobehavioral pathway influenced by GLP-1 receptor
activation. However, the human evidence remains heterogeneous,
and mixed findings may occur depending on study design, outcome
definitions, and duration of exposure; therefore, additional
randomized trials and well-controlled comparative effectiveness
studies are needed.

4.1 Strengths and limitations of the study

This study has several notable strengths. First, we leveraged the
All of Us Research Program, a large, diverse, dataset with longitudinal
electronic health record data, improving the robustness of the
findings to real-world clinical populations with diabetes and/or
obesity. Second, the nested case-control design with propensity
matching enabled efficient evaluation of multiple relatively
uncommon outcomes while strengthening internal validity and
supporting a clear temporal relationship between GLP-1RA
exposure and SUD diagnoses. Third, we examined a broad
spectrum of clinically relevant SUD outcomes including AUD,
OUD, NUD, and CUD, allowing assessment of consistency across
substances and supporting the possibility of a class effect. Fourth, the
large sample sizes across the outcome cohorts provided adequate
precision of effect estimates, and agent-specific analyses helped clarify
whether associations were consistent across different GLP-1RA
medications. Finally, we conducted subgroup analyses by sex and
obesity status, demonstrating generally consistent associations across
strata, and we implemented an exposure lag period to reduce
potential reverse causality, collectively strengthening the credibility
of the observed associations.

Nevertheless, the following limitations should be considered
when interpreting these findings. First, the study population was
limited to individuals with diabetes or obesity, which may restrict
the generalizability of results to broader populations. Second, the
observational nature of the study precludes causal inference, and
residual confounding is possible. Third, although prescription start
dates and diagnosis dates were identified using the Common Data
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Model, the temporal relationship between GLP-1 RA initiation and
the onset of SUDs may not be established with complete certainty.
In the Common Data Model framework, the diagnosis date reflects
the time a diagnosis is first recorded in the medical record, which
may not represent the true onset of symptoms. Finally, medication
exposure was inferred from prescription records and may not reflect
actual adherence.

4.2 Future directions

Future research should focus on confirming these findings in
randomized controlled trials (RCTs) to establish causality and
evaluate the effectiveness of GLP-1 RAs as therapeutic agents for
SUDs. Mechanistic studies are also needed to further explore how
GLP-1 RAs influence neural circuits implicated in reward, and
reinforcement. Additionally, expanding the investigation to non-
diabetic and non-obese populations will be critical for determining
the broader applicability of these findings. Longitudinal studies
tracking adherence, and duration of use, can provide valuable
insights into sustained effects. Finally, future research should
explore how GLP-1 RAs could be integrated into current clinical
pathways for addiction care, especially in settings where diabetes,
obesity, and SUD frequently co-occur.

4.3 Conclusion

In conclusion, our findings provide observational evidence that
GLP-1 RA are associated with lower odds of developing multiple
types of substance use disorders among individuals with diabetes or
obesity. These results have implications for potentially repurposing
GLP-1 RAs as novel therapeutic agents in addiction medicine.
While further interventional research is necessary, the current
study adds to the growing evidence on the neurobehavioral
benefits of GLP-1 RAs and supports their dual utility in
managing both metabolic and psychiatric comorbidities.
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