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Abstract

Aims: This study aimed to estimate the strength of association between prescriptions of
glucose-dependent insulinotropic polypeptide (GIP) and/or glucagon-like peptide-1 recep-
tor agonists (GLP-1 RA) and the incidence of opioid overdose and alcohol intoxication in
patients with opioid use disorder (OUD) and alcohol use disorder (AUD), respectively. This
study also aimed to compare the strength of the GIP/GLP-1 RA and substance
use-outcome association among patients with comorbid type 2 diabetes and obesity.
Design: A retrospective cohort study analyzing de-identified electronic health record
data from the Oracle Cerner Real-World Data.

Setting: About 136 United States of America health systems, covering over 100 million
patients, spanning January 2014 to September 2022.

Participants: The study included 503 747 patients with a history of OUD and 817 309
patients with a history of AUD, aged 18 years or older.

Measurements: The exposure indicated the presence (one or more) or absence of
GIP/GLP-1 RA prescriptions. The outcomes were the incidence rates of opioid overdose
in the OUD cohort and alcohol intoxication in the AUD cohort. Potential confounders
included comorbidities and demographic factors.

Findings: Patients with GIP/GLP-1 RA prescriptions demonstrated statistically signifi-
cantly lower rates of opioid overdose [adjusted incidence rate ratio (alRR) in OUD
patients: 0.60; 95% confidence interval (Cl) = 0.43-0.83] and alcohol intoxication (alRR
in AUD patients: 0.50; 95% Cl = 0.40-0.63) compared to those without such prescrip-
tions. When stratified by comorbid conditions, the rate of incident opioid overdose and
alcohol intoxication remained similarly protective for those prescribed GIP/GLP-1 RA
among patients with OUD and AUD.

Conclusions: Prescriptions of glucose-dependent insulinotropic polypeptide and/or
glucagon-like peptide-1 receptor agonists appear to be associated with lower rates of
opioid overdose and alcohol intoxication in patients with opioid use disorder and alcohol
use disorder. The protective effects are consistent across various subgroups, including

patients with comorbid type 2 diabetes and obesity.
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INTRODUCTION

Problematic substance use is a neuropsychiatric condition character-
ized by the chronic compulsion to use substances despite occurrence
of harmful consequences such as stroke, overdose and death [1, 2].
Such consequences of drug use have reportedly worsened in the gen-
eral population over time. The number of United States (US) deaths
caused by a drug overdose in 2021 (107 000 deaths) was six times
higher than in it was 1999 (18 000 deaths) [3]. Not only have drug
overdose deaths risen 16% from 2020 to 2021, but over 75% of over-
dose deaths in 2021 involved an opioid [3]. Opioid use disorders
(OUD) are a severe type of substance use that has resulted in a devas-
tating global public health crisis [4]. In 2019, the prevalence of OUD
among US adults and adolescents was estimated between 6.7 and 7.6
million individuals [5]. Opioid use and OUD have been associated with
many adverse health outcomes and result severe economic burden [6,
7]. Alcohol use disorder (AUD) is a severe type of alcohol use that
causes detrimental health and social consequences impacting around
29.5 million people in the United States [8-10]. Alcohol use falls
within the top five leading causes of preventable death in the
United States exhibited by ~178 000 Americans dying per year
because of excessive alcohol drinking in 2020 to 2021 [11, 12]. Of
the 133 million alcohol users in the United States, 60 million individ-
uals reported binge-drinking (females having 4+ drinks and males hav-
ing 5+ drinks in one occasion) in the past month in 2021 [13].
Additionally, numerous studies have demonstrated the high preva-
lence of alcohol and opioid use outcomes in many countries and soci-
eties all around the world [14-16]. As substance use disorders (SUD)
such as OUD and AUD are widely prevalent and detrimental to popu-
lation health, it is essential that effective treatments for drug use are
identified and made readily available to those who could benefit.
Current evidence-based pharmacological treatments exist for both
OUD and AUD, but many individuals face barriers to receiving these
medications including lack of access to willing prescribers, concerns
regarding prescribing efficacy and complexity, negative treatment
stigma and geographical and socio-economic challenges [17-19].
Recent research has discovered significant underutilization of
medication-assisted treatment (MAT) among those diagnosed with
AUD and OUD identifying a major gap in the reach of treatment ser-
vices [20, 21]. Additionally, even when pharmacotherapy for OUD and
AUD is available, many individuals continue to struggle to overcome
these chronic conditions [22-26]. Treatment of chronic opioid use is
further challenged by research suggesting possible adverse outcomes,
such as suicide and mental health crisis, are associated with current
efforts to transition patients away from chronic use of opioids [27,
28]. Despite the major efforts that have been made to provide patients
suffering from AUD and OUD options for MAT, the barriers to receiv-
ing these medications and the mixed outcomes that result expose an

urgent need for alternative or complementary treatment strategies.

Recent research has drawn significant attention to a drug called
glucagon-like peptide-1 receptor agonists (GLP-1 RA) (e.g. Ozempic),
which are primarily prescribed to treat Type 2 diabetes, obesity and
other weight-related medical conditions [29]. GLP-1 RA medications
function by mimicking the GLP-1 hormone that is produced in
response to eating regulating hunger and weight [29, 30]. These drugs
stimulate production of insulin decreasing blood sugar levels and
interact with the brain to reduce appetite and trigger satisfaction after
eating [29, 31]. The GLP-1 receptors located within the brain’s meso-
limbic system, the neurological area responsible for motivated behav-
iors and reward processing through the release of dopamine,
specifically modulate a person’s food satiety signals influencing the
desire to consume food [32]. This region also overlaps with the same
processes that are responsible for the development and maintenance
of addictive behaviors such as chronic substance use [33]. Because of
the physiological similarities of the reward-response pathways of
eating and substance use, emerging evidence produced in rodent
studies suggests that GLP-1 RA medications may influence the ‘sati-
ety’ of certain drugs and impact reward-related changes of these
drugs [30, 34]. This overlap suggests that GLP-1 RA and similar drugs,
such as glucose-dependent insulinotropic polypeptide (GIP) agonists
(e.g. Mounjaro), might modulate the reward-response pathways asso-
ciated with substance use.

Animal studies have provided promising insights. For instance,
GLP-1 RA drugs like liraglutide and semaglutide have been shown to
reduce alcohol intake and modify drug-seeking behaviors in rodents
[35-39]. These findings have spurred further investigation into the
neurobiological mechanisms of GLP-1 RAs and their potential role in
modulating addictive behaviors in humans [40]. Small-scale clinical tri-
als have begun to explore the effects of GLP-1 RA medications on
substance-related outcomes, including cigarette smoking, opioid crav-
ings and alcohol use (ClinicalTrials.gov identifiers NCT03712098,
NCT04199728 and NCT03645408), with some trials indicating
reduced heavy-drinking days among AUD patients treated with
GLP-1 RAs [41]. Although these clinical trials are crucial for determin-
ing the potential effectiveness of GLP-1 RA drugs to treat substance-
related behaviors, these studies are limited by the generalizability of
the results as the studied patient sample is often very different from
the population that would receive the treatment [42]. To our knowl-
edge, no major population-based studies have attempted to estimate
the potential association between GIP/GLP-1 RA medications and
substance-related outcomes in humans.

Addressing the lack of large-scale human data by analyzing a com-
prehensive national database of electronic health records, we seek to
understand how GIP/GLP-1 RA medications impact drug and alcohol
responses in a broad patient population. First, this study aims to esti-
mate the strength of association between GIP/GLP-1 RA prescrip-
tions and incident opioid overdose and alcohol intoxication in patients
with OUD and AUD. This study also aims to compare this GIP/GLP-1
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GIP/GLP-1 RA AND SUBSTANCE-RELATED OUTCOMES

RA prescription and substance use-outcome association among
patients with comorbid conditions of Type 2 diabetes, obesity and
both Type 2 diabetes and obesity. A better understanding of this rela-
tionship could lead to advanced research and clinical studies that eval-
uate the benefits of GIP/GLP-1 RA drugs in reducing opioid use,
alcohol use and the overall severity of OUD and AUD along with pav-
ing the way for possible treatment of other SUDs.

METHODS
Data source

This study was conducted using de-identified electronic health record
(EHR) data from the Oracle Cerner Real-World Data (CRWD), a large
national repository. As of September 2022, CRWD included data from
136 US health systems, covering over 100 million patients and ~1.7
billion healthcare encounters. Data in CRWD is extracted from the
electronic medical record of hospitals in which Cerner has a data use
agreement. Encounters may include pharmacy, clinical and microbiol-
ogy laboratory, admission and billing information from affiliated
patient care locations. All admissions, medication orders and dispens-
ing, laboratory orders and specimens are date and time stamped, pro-
viding a temporal relationship between treatment patterns and clinical
information. Cerner Corporation has established Health Insurance
Portability and Accountability Act-compliant operating policies to
establish de-identification for Cerner Real-World Data [43, 44].

Study population

The study included adults (18 years or older) with documented histo-
ries of OUD or AUD. Eligibility was determined using codes
(Tables S1-S2) from January 2014 to August 2022. Among these
patients, if they had a prescription of GIP/GLP-1 RA, the first instance
was required to take place after first OUD or AUD diagnosis date oth-
erwise the patient was removed. The comprehensive list of code
types, used to define OUD and AUD diagnosis, comprised Interna-
tional Classification of Diseases, 9th Revision, Clinical Modification
(ICD-9-CM), International Classification of Diseases, 10th Revision,
Clinical Modification (ICD-10-CM), ICD-9/10 Procedure Coding Sys-
tem (PCS) and Systematized Nomenclature of Medicine (SNOMED)
codes. Exclusion criteria were applied to patients who had relevant
diagnostic codes, but did not meet the full criteria for OUD or AUD.

Study design

A retrospective cohort design was used, comparing patients with
GIP/GLP-1 RA prescriptions to those without, in separate OUD and
AUD cohorts. The index encounter was defined as the first instance
of a GIP/GLP-1 RA prescription or a randomly selected encounter for

patients without such prescriptions, both occurring after a first

sSAL

diagnosis date of OUD or AUD. The study period spanned from
January 2014, coinciding with the initial US Food and Drug Adminis-
tration approval of many GLP-1 RA medications, to September 2022,
with inclusion of patients halted at the end of August 2022 to allow
those last recruited to have at least 30 days of follow-up [45]. Follow-
up was conducted for a minimum of 7 days post-index encounter and
up to 2 years, focusing on outcomes of opioid overdose and alcohol
intoxication. Because of overdose and intoxication codes being part
of OUD and AUD definitions, a 7-day lag was implemented to ensure
outcomes were separate from a possibly recent OUD/AUD diagnosis.
To account for differential patient time-on-study as well as censoring,
the time (in months) between each patient’s index encounter and last
encounter was captured. Because patients last recruited at the end of
the inclusion period (August 2022) did not have more than 30 days to
experience outcomes, sensitivity analyses were conducted to assess if
results changed compared to only including those that would have a

remaining 2-years of possible follow-up.

Pre-registration

This study was not pre-registered on a publicly available platform, and
as such, the results should be considered exploratory.

Outcome and exposure variables

The primary outcomes were rates of incident of opioid overdose in
the OUD cohort and alcohol intoxication in the AUD cohort. These
were identified using a combination of ICD-9, ICD-10, SNOMED,
National Drug Code (NDC) and Multum MediSource Lexicon (MMSL)
codes (Tables S3-54). Rates were defined as the count of incident
outcomes occurring over a patient’s time (in months) on study divided
by the time on study. The exposure was defined as having a first pre-
scription for any GIP/GLP-1 RA medication, identified using relevant
NDC and MMSL drug codes for abiglutide (Eperzan, Tanzeum), dula-
glutide (Trulicity), exenatide (Byetta, Bydureon), liraglutide (Victoza,
Saxenda), lixisenatide (Adlyxin, Lyxumia), semaglutide (Ozempic,

Rybelsus, Wegovy) and tirzepatide (Mounjaro) (Table S5).

Additional measures

The analysis accounted for potential confounders, related to out-
comes [27, 46-52], including age (in years), gender (female, male), race
(American Indian or Alaskan Native [Al/AN], Asian or Pacific Islander
[API], Black, Hispanic Latino, Non-Hispanic [NH]-White, other), mari-
tal status (married/partner, single, unknown), region (Northeast,
Southeast, Midwest, West, multiple reported), insurance type (private,
Medicare, Medicaid, other government/miscellaneous, self-pay,
unknown), year of encounter (2014-2022), categorized Charlson
Comorbidity Index (CCl) (0, 1-2, 3-4, =5) [53], mental health history,
tobacco dependence history and sleep apnea history. Specific
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adjustments were made for each cohort, considering factors for the
OUD cohort of opioid overdose history, SUD history (excluding
OUD), medications for opioid use disorder (MOUD) treatment history,
benzodiazepine 1-year prescription history, opioid 1-year prescription
dosing history using median daily morphine milligram equivalents
(MME) (none, inpatient, outpatient <50, outpatient >50) [54], opioid
1-year prescription duration history (difference in maximum prescrip-
tion stop date and minimum prescription start date) and family history
of psychoactive drug use. Factors for the AUD cohort consisted of
alcohol intoxication history, SUD history (excluding AUD), medications
for alcohol use disorder (MAUD) treatment history and family history
of alcohol abuse. All additional clinical measures were captured using
ICD-9/10, SNOMED, Healthcare Common Procedure Coding System
(HCPCS), NDC and MMSL codes (Tables S6-513).

Stratifying measures

Given the primary use of GIP/GLP-1 RA medications in treating
Type 2 diabetes and obesity, the study also stratified results based on
these conditions [55]. ICD-9/10, SNOMED, NDC, MMSL codes as
well as lab and measurement indications from Logical Observation
Identifiers Names and Codes (LOINC) were used to identify these
conditions (see Table S14 for comprehensive codes and algorithms for

inclusion).

Statistical analysis

Demographic and clinical characteristics were presented for the
cohorts overall as well as stratified by GIP/GLP-1 RA prescription sta-
tus. Standardized mean differences were used to compare characteris-
tics between prescription status [56]. The incidence rate (IR) of opioid
overdose and alcohol intoxication per 10 000 person-months was
presented along with incidence rate ratios (IRRs) and 95% Wald confi-
dence intervals (Cls) for those with GIP/GLP-1 RA prescriptions com-
pared to those without, among those with history of OUD and AUD.
To control for relevant confounders, IRRs were adjusted for previ-
ously mentioned variables in mixed-effects Quasi-Poisson regression
models, accounting for person-time as an offset variable and cluster-
ing model standard errors by hospital identification (ID) as a random
effect. Because of Cameron and Trivedi’s test indicating overdisper-
sion (Poisson distributional assumption violation of equal mean and
variance conditional on predictor variables) the Quasi-Poisson model
was implemented (which instead assumed the variance was a linear
function of the mean) [57]. Model goodness-of-fit (GOF) was tested
on whether model residual deviance followed a Chi-square distribu-
tion with degrees of freedom (df) equal to the number of observations
(n) minus the number of parameters (p) to be estimated (n-p). Multi-
collinearity was assessed with variable inflation factors (VIFs). Model
diagnostics all indicated optimal model fit. Adjusted IRRs (alRRs)
reported the rate of outcomes for those prescribed GIP/GLP-1 RA
medications compared to those not prescribed, while controlling for

relevant confounders. Variability of estimates was again captured with
95% Wald Cls. All analyses were stratified by Type 2 diabetes, obesity
and Type 2 diabetes and obesity status. To visualize results, the rate
of incident substance-related outcomes (opioid overdose and alcohol
intoxication) per 10 000 patients versus time (in months) since index
encounter were calculated over a 24-month period. Variability of esti-
mates were captured with 95% exact Poisson Cls. Different lines were
drawn for those prescribed GIP/GLP-1 RA prescriptions and those
not, to compare rates between groups. All hypothesis tests were two-
sided with a significance level of 5%. All analyses were conducted in R
version 4.0.2 (The R Foundation).

Sensitivity/supplemental analyses

To ensure robustness of findings, various sensitivity and supplemental
analyses were conducted for both cohorts overall. Sensitivity analyses
explored the effect of different adjustments to inclusion enrollment,
follow-up availability and cofactor model adjustment on main analysis
findings. To account for possible endogeneity from patients’ propen-
sity to be prescribed GIP/GLP-1 RA, and alternatively address group
imbalance, analyses incorporating inverse probability of treatment
weighting (IPTW) were conducted in which patients were weighted
using the inverse probability of a propensity score predicting the
probability of GLP-1 RA prescription. Additionally, supplemental ana-
lyses were conducted in which the time to first event as well as recur-
rent events were used as outcomes, instead of the overall rate of
outcomes, and were modeled with Cox Proportional-Hazards and
Andersen-Gill models, respectively, providing hazard ratios (HRs) [58].
Finally, alternative outcomes of the rate of SUD-related encounters

were assessed and fit with similar Quasi-Poisson models.

RESULTS

Demographic characteristics of our patient sample are presented in
Table 1 among those with history of OUD and AUD overall and by
those with and without GIP/GLP-1 RA prescriptions. There were
503 747 patients with history of OUD in the sample and 817 309
patients with history of AUD. Among those with history of OUD, the
mean (standard deviation [SD]) age was 50.5 (18.1) years, approxi-
mately half were female (51.1%), 67.0% single, 72.6% NH White,
42.6% from the Western United States and 31.0% reported Medicaid
for insurance. Almost half (49.3%) of the cohort with OUD had a men-
tal health condition history, 22% had a comorbidity score 25, 47.8%
were found to have tobacco dependence history and 12% had a
MOUD treatment history. Individuals with a GIP/GLP-1 RA prescrip-
tion had a mean age of 57.7 years and were more likely to be female
and married/partnered compared to those without a prescription in
the OUD cohort. Additionally, patients in the OUD cohort without
GIP/GLP-1 RA prescriptions had 15.7% had history of opioid over-
dose compared to 7.1% history of opioid overdose in those with pre-

scriptions. Average opioid prescription dosing history was 49.7 days

5US01] SUOWILLIOD BAIER1D B[qed! dde au Aq pauenob ae Sejo e O ‘8N J0'Sajn. o} Aeiq1 8U1UO AB|IA UO (SUOIPUIOD-PUB-SWLBYWOD" A3 | 1M AZeiq1[ou 1 JUo//SAL) SUOTIPUOD PUE SWS | 8U} 885 *[r202/0T/2T] uo Areiqiauiiuo 48| 5oL Aq 6/99T PPe/TTTT OT/I0p/L0D fa] 1M ARe.q1jeuljuo//Sdiy Wouy pepeojumoq ‘0 ‘E77009ET



13600443, 0, Downloaded from https://onlinelibrary.wiley.com/doi/10.1111/add.16679 by Test, Wiley Online Library on [17/10/2024]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

“ (ssnunuo))

(S'£T) T2y evl (6:6)9SS  (S°LT)LL6THT (T°€T) 0SL ¥9 (S6)eLL (0'eT) zes S9 Aed-Jjo5
< (£'9) 619 ¥S (') ¥oe (L9) €26 ¥S (89) LLL €€ (99) €€5 (8'9)0TE ¥€ 251W/3A08 JBYIO
$ (9'82) £¥0 €T (Tze)zvet  (5'82) S8T €€C (T'1€) 2€9 ¥ST (€8T)T87T  (0'TE) ETT 95T presipajy

(9L1)€C6 CTPT (T1€)SSLT  (LLT)8L9 ¥¥T (9'£2) 095 91 (Sz¥) Shve  (8'£2) SO0 OFT a1esipaln

(6'72) ¥T€ 20T (8'62) L£9T  (0°52) T66 €£0C (€'8T) 969 06 (122 ¥6.1 (7'8T) 06¥ 6 S)eAld

155740] 1 2440 2oueInsu|
(6'T) 69 ST (€0) ST (6'1) 099 ST (€2) 609 TT (€0)ze (€2)1€9 11T pajiodal ajdiyniy

(7'9€) 18€ 56T (£'92)20ST  (€'9€) €88 96T (L'Tv) 619 TTC (€L€) 610 (92¥) 8E9 ¥1T ISOM

(S'T€) 186G SSC (CTr)vies  (9°T€) G568 LSC (8'€2) LvL LTT (09e)s16C  (0¥2) 299 0CT 1SAMPIN

(PvT) 696 91T (6TT)v2L  (WPT) €69 LTT (cLT) TP S8 (6LT) ¥S¥T (T'L1) 59898 Jseaynos

(8'ST)ZTT 8CT (06T)990T  (8'ST)8LT 62T (0'¥T) 85T 69 (9'8) €69 (6'€T) TS6 69 1SE3YLION

00€°0 LVE0 uoi3ay SN
(r'v) 168 S€ (8'T) 20T (r'v) €56 S€ (SoeLcer 1) v6 (52 L9e T umouxun
(6'0£) 89S LS (rLS)vzee  (8°0L)T6L 8LS (€£9) 0TS €€€ (€zs)6eTy  (0°L9) 6¥L LEE NN
(£'72) 692 00T (80v) S62C  (8'7T) ¥9S 20T (z0€) 198 671 (S9¥)0LLe  (S0E) TEY €ST Jauped/paliieN
L9€0 9vE0 snjess [epueN
(8'G) 962 LY (e€) 58T (8'G) 18 LV (rv)€9LTC (s'2) 00T (r'v) €96 TC Y0
(T'29) ¥L0 505 (8'29)0ese (229 ¥09 80S (9'2£) €6 65€ (92L) 5885 (97TL) 0Z8 §9¢€ ANYM-HN
(£'91) zvz seT (T'6T) TL0T  (£9T) €TE 9T (L'eT) 0L L9 (YT TLIT (L'€1) 216 89 oupeT/oluedsiH
(7'0T) 89¢ ¥8 (90T) G65 (7'0T) £98 ¥8 (52)8€T L€ (€8) 699 (5°2) L08 L€ Xelg
(T'T) Lz88 (8°0) vt (T'T) 1488 (£0) e9¢e (£0) LS (£0)ozve IdV
(8°€) 186 0OF (5€) 96T (8°€) LLT TE (T'T) 5048 (s'T)0ZT (¢'1) 5288 NV/IV
9 LETO €110 aoey
m (£L9) 64T 6%S (L79)9€9€  (LL9)ST6CSS (T'6¥) 66€ €7 (6'88) TSTE  (6'8¥) 0SS 9T 3l
w (€72€) 60v 29T (€'6€) S86T  (£7C€) ¥6€ ¥9C (6'0S) S¥T ¢S¢ (T19)Csér  (1'18) L6T LST SjewaS
o €900 L0T0 lapua9
m €950 (ST'9T) 6L°9Y (8S'TT) €L VS (#Z91) ¥8'9% 08¥°0 (1'8T) ¥'0S (LTT) L°LS (1'8T) S'0S q(A) 98y
m so|gelen quEumj_Um uowwo)
m ans (€'66) 889 T18 (£'0)TZ9S (0°00T) 60€ LT8  AWS (°86) 79 S (9'T) €0T8  (0°00T) L¥L £0S leloL
3 (3% u (9 u lesoL (3% u (:9%) u feroL
m uonduosaad uondusaud uonduosaad uondusaud
P Vi T-d19/dI9 ON Vi 1-d19/d19 Vi T-d19/dID N Vi 1-d19/dI1D
m any jo AioisiH ano jo Aioisiy
m .mC\_wum\»m _mtamos pajeljijje-iauia) woly .Lw_u.hOm__u asn |joyodje jJo \COum_r_ € Y}IM asoy3 pue usapJosip asn
o pioido jo A1o3siy e yim asoy} Suowe ‘jou Jo sisjuole 103dadal T-d19/dID paquasald 9soyy 404 ‘Zz0z Ish3ne pue 0z Alenuer usamiaq sHSIA lendsoy yim suaijed jo solydesowsq T 319V L




13600443, 0, Downloaded from https://onlinelibrary.wiley.com/doi/10.1111/add.16679 by Test, Wiley Online Library on [17/10/2024]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

2
m - - - (L'ST) 68 LL (T2) 645 (9ST) eLV 8L SOA
m - - - (€'¥8) 0SL LTy (6T6)veSL  (¥v8) vLT STy ON
o - TLT0 pAI0IsIY asopuano proido
sa|qeleA Juswisnipe oydads-anNo
(0T1)€6LL (59) s9¢ (0T) 8518 (£°6) SO€E 8% (0'8€) 9L0¢€ (co1) 18€ 1§ SOA
(0°66) 568 £08 (5€6) 9525 (0°66) TST 608 (€06) 6€€ LY (029) L20S  (8'68) 99€ TSP ON
G620 20L'0 ,A03s1y eaude daa)s
(€'v€) 110 84C (T0S) ¥18C  (¥'¥€) 528 08¢ (£'L¥) 129 9¢C (8'16) 61y  (8'L¥) 918 OVC SOA
(£°59) 229 €€5 (6'6¥) L08T  (9°59) ¥8F 9€5 (€'25) €20 65¢ (T8¥) 806  (22S) T€6 9T ON
ZE0 7800 u>._oum_r_ wucw_ucwn_w_u 0ddeqo ]|
(8'8) 65 1L (S'ST) L8 (68) €TV L (0'6%) 00L ¢¥C (£'89) €955 (€°6¥) €9C 8¥C SOA
(T'16) 6¥T OVL (Sv8) LvLy  (T'T6) 968 virL (0'15) ¥¥6 25T (€Te)ovse  (L°0S) ¥8Y SS¢T ON
L0T0 80%°0 ,A03sIY uonIpUOd Yjeay [ejusin
(8°6)999 6L (r've) 9861 (001) 209 18 (€'12) 16€ SOT @) TrLE  (LT2)2ET 60T G2
(8°0T) 190 88 (0€z) z62T (6'0T) £5€ 68 (T'ST)ST0SL (T'v2) 256t (€ST) £96 9L v-€
(6'6T) 2SS 19T (862)¥L91  (0°02) 92T €91 (9LT) 15T £8 12 T2LT (LLT) L6 88 4
('6S) 601 287 (8CT)61L  (1°6S)8CT €8F (0'9v) £86 LT (5'8) 689  (¥'S¥) 9,9 82T 0
LSTT 6560 pazL0893ed [DD
(€'8T) 20S 671 (09e)zzoz  (#'8T) #2S 16T (0'zz) 58 801 (LeeleeLz (12T 8LSTTT (44014
(£°£T) 686 VT (0ve) 6¥€T  (8°£1) 8EE SPT (9°6T) L1€ L6 (€'52) 050C (L°6T) L9€ 66 120C
(8€T) 6L6 11T (osT)zve  (8°€T) 128 CTT (Ovr)viEeTL (7'ST) 6¥CT (9¥1) €29 €L 020t
(€2T) 68T 00T (L0oT)€09  (£7TT) T6L 00T (62T) 268 €9 (T2T) €86 (62T) S£8 %9 6102
(oor)z81 18 (€9) ss€ (00T) LES 18 ('0T) 9665 1S (8'9) 1SS (¥'0T) L¥T TS 810C
M (7'8) S 89 (5e) S61 (7'8) 6L 89 (9°8) ¥9 T¥ (£€)10€ (5'8) Sv6 TP L7102
L2 (TL)S6L8S (T2) 611 (L) 16 8S (6'S) 810 62 (6'T) 95T (8'5) ¥0T 6¢ 9102
(8'9) 166 SS 1) 2L (89) 899 SS (Le)z9z 8T (£0) €s (9€)sTE 8T ST0C
(TS)L16 T¥ (0T) 65 (16) 926 T (r2) 999 1T (€0) LT (€2)€69 1T #1702
0990 2050 J23UNOdUD JO Jes A
(9'%) 89¢€ L€ (ST)£8 (9'%) 6S¥ L€ (T'e) 6z ST (01) 8L (0¢) Log ST umouxun
ans (€'66) 889 T18 (£0)T29s (0°00T) 60€ L18 AWNS (r'86) 9 S6v (9'1) €018 (0°00T) L¥L €0S lejol
(%) u (%) u lexoL (%) u (%) u [eloL
uonduosaad uondusaud uonduosaad uonduosaid
VY T-d19/dI9 N Vi 1-d19/dI1D Vi T-d19/dID N vd T-d19/dID
any jo AloisiH ano jo AoysiH

(penuuod) T 3714V1L



13600443, 0, Downloaded from https://onlinelibrary.wiley.com/doi/10.1111/add.16679 by Test, Wiley Online Library on [17/10/2024]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

SSA

GIP/GLP-1 RA AND SUBSTANCE-RELATED OUTCOMES

(ssnuiuo))

18¢°0

L(s9A) Alo3siy Juswieal; aNVIN

(S'SP) LET 69¢€ (0vs)8eoe  (S'Gv) SLT TLE - - - SOA
(S¥S) 1SS Cvy (09v) €85C  (S¥S) YET Stv - - - ON
¢/LT0 - ,AMoIsIy (@nv Suipnjaxa) ans
(T°£€) 916 TOE (8T2) L2z (0LE) EvL TOE - - - SOA
(629)TLT 0TS (@8L)véey  (0°€9) 995 ¥1S - - - ON
7€0 - pAI03s1Y UonEDIXOJUI [OYOD )Y
sa|qeleA Juawisnipe oyads-gNy
- - - (T°0) 919 (Tos (T0) 129 SIA
- - - (6'66) 820 S6% (666) 8608  (6'66) 9CT €05 ON
,asnqge
- 1200 3nup aAI3deOYIASd JO AlO3SIy Ajlweq
g@»mE
- - - - 9910 (81°£6)8T°6C (0T'sv1) €L°6V (L186) TS'6T  ,Al0ISlY guonelnp uondisaid ploido
- - - (0e)1€9 ¥T (£€) 10€ (0€)zes vi 05= Jusnedino
- - - (0€T) 2sT ¥IT (6'0g)cosz  (2'€2) ¥S9 9TT 05> Jusiedino
- - - (¢0) 866 (To 11 (¢'0) 6001 juanedu)
- - - (8'€£) €98 59¢ (€59) 6825 (L'€L)TST TLE SUON
SJA01s1y
- 6810 (FININ) Buisop uopduasaid proido
- - - (T'92) VT 621 (082) L9z  (1°92) LOV TET SIA
- - - (6°€£) ¥0S 99¢€ (0cL)9e8s  (6€L) OVE TLE ON
- €700 suonduosaud suidazelpozuag
- - - (0T) 1SS 65 (S'0T) 8¥8 (0CT) 66€ 09 SIA
- - - (0'88) €60 9¢¥ (5°68) G5z,  (088) 8¥E EVY ON
- 6%0°0 L(s9A) Auoasiy Juswieas gqNOW
- - - (e'sS) €€ vLT (C9ov)TvLe  (2GS) ¥£0 8LT SIA
- - - (Lvy)11E TCT (8'€s)zoer  (8vb) €49 STT ON
- 870 >A0381Y (@NO Bulpnpxs) ANS
ans (c'66) 889 118 (£0)TZ9S (0°00T) 60€ T8  AWS (r°86) ¥¥9 S6v (9°'T) €018  (0°00T) L¥7L €0S leoL
(%) u (%) u [e10L (%) u (e%6) U [eoL
uonduosaad uondusaud uonduosaad uonduosaid
Vd 1-d19/d19 ON Vd 1-d19/d19 Vd 1-d19/d19 ON Vi 1-d19/d1D
anv jo AloisiH ano jo AoysiH

(penuuod) T 3714V1L



13600443, 0, Downloaded from https://onlinelibrary.wiley.com/doi/10.1111/add.16679 by Test, Wiley Online Library on [17/10/2024]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

2
i
Z
AD_“ '93ep 1els paquasaud 3saiy pue a3els dojs paquasald 1se| Usamlaq 9ouaIaids
% "paqudsaud s|dijnw pey aaey pinod sjusljed ‘SAISN|IXd Ajleninwl JON,
*J93UNOdUd Xapul (3uIpn|dul pue) 240J9q JeaA ayl UIyIM uonipuod Joud Auy,
*193unodus xapul 3sod sAep 9 03 dn pue uoRipuod Joud Auy,
*J9]UN0JUS Xapul 03 dn SAISN[PUI UORIPUO) JoLd Auy,
‘(UoneInap pJepue)s) UBIN,
*dnoJ8 uwn|od si Jojeuiwouaq,
'S9]1e1G PAUN ‘SN DOUIDHIP UBSW pazipiepuels ‘QIAS HSpJosIp asn adueIsgns ‘gns dluedsiH-uou ‘HN :1apJosip asn pioido Joj suoiedipaw ‘GNOIN ‘SiusjeAinba
weJ3i||iw sujydiow ‘JIAA SNOSUE|ISISIW DSIW ISPIOSIP SN [0Yod|e 10} SUOIedIpaw ‘QNVIA 4apJosip asn pioido {gNnoO FuawuidA08 A08 ‘sysiuose 103dadad T-apiidad ayj1-uoSedn|8 Jo/pue apiydadAjod
a1dosjoulnsul Juapuadap-asodn|8 vy T-d19/dIO Xapul AHpIGIOWod UosleyD ‘|2 4apJosip asn [oyodje ‘QNV apue|s| d1410ed JO UISY ‘|dV DAIFEN UBSE|Y JO UelpU| UBdLIBWY ‘NV/IV :SUOIIeIADIqqY
- - (e2) 0T - - - (€72) 681 - apnedazil|
- - (6'L8) 8TTC - - - (€£8) 920€ - apin|3ewas
- - (cozt - - - (o) v - Spleussixi
- - (o€2) v6z1 - - - (€'€7) G887 - apin|eln
- - (9'2) Lzv - - - (0'2) 895 - dpljeusxy
- - (§°6€) zTee - - - (€Ty) LEE - apinideinQg
- - (¥'0) 0T - - - (€0) 92 - apan|3iqy
,S9lqelieA d3123ds Y T-d19/d1D
(T'£2) 9¥C 0TT (6s2)v92y  (5£2) 0TS ¥eT (€°€€) 896 ¥91 (€18) 1659  (T'7€) 655 TLT SOA
(6CL) T T6S (T've) LsET (STL) 66L T6S (£°99) 9.9 oge (£81) 2157 (659) 88T z€€ ON
L1TT A" ,Ao1s1y Aisaqo
(0°£7) £8T 8ET (T°98) z8LY (S£1) 696 TP (¥'v2) €58 0CT (£'98) S¥69 (#'S2) 864 LTT SOA
(0'e8) T0S €£9 (6'7T) 6€8 (S'C8) OvE vL9 (9°SL) T6L VLE (€¥T)8STT (9vL) 6v6 SLE ON
< 8581 9951 ,MoIsy sa39qeip Z adAL
(7)) sa|gelieA SulAyilens
L2 (€°0) ¥€9C (¥'0) €T (€°0) £59C - - - SOA
(£°66) 150 608 (9°66) 8655 (L'66) TS9 V18 - - - ON
+100 - ,asnge |oyod|e Jo Alo3siy Ajiweq
(¢'9) 89 05 (8'¥T) 1€8 (€9) 69v 16 - - - SOA
(8'€6) 050 T9L (¢e8)06Ly  (L'€6) OV8 S9L - - - ON
ans (€'66) 889 T18 (£0)TZ9S (0°00T) 60€ T8  AWS (¥'86) ¥¥9 S6v (9'1) €018  (0°00T) L¥7L £0S lezoL
(%) u (%) u [eyol (%) u (e%6) U [eoL
uonduosaad uondusaud uonduosaad uonduosaid
Vi 1-d19/dI9 °N Vi 1-d19/dI19 Vi 1-d19/dI9 °N Vi T-d19/dI9
any jo AloisiHy ano jo AoysiH

(penuuod) T 3714V1L



GIP/GLP-1 RA AND SUBSTANCE-RELATED OUTCOMES
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among individuals with GIP/GLP-1 RA prescriptions compared
29.2 days among those without prescriptions.

Among those with history of AUD, the mean (SD) age was 46.8
(16.2) years, 67.7% were male, 70.8% were single, 62.2% were NH
White, 36.3% were from the Western United States and 28.5%
reported Medicaid for insurance. There were 10% of patients in the
AUD cohort with a comorbidity score 25, 8.9% had a mental health
condition history, 34.4% had a tobacco dependence history and 6.3%
had a MAUD treatment history. Those with AUD and a GIP/GLP-1
RA prescription had an average age of 54.7 years and were 64.7%
male compared to an average age of 46.8 years and 67.7% male
among those without prescriptions. Those with AUD and GIP/GLP-1
RA prescriptions 15.5% had history of mental health condition and
50.1% had tobacco dependence history compared to 8.8% with men-
tal health condition history and 34.4% with tobacco dependence in
those without prescriptions. Among individuals with AUD and a
GIP/GLP-1 RA prescription, 21.8% had alcohol intoxication history
and 14.8% had MAUD treatment history compared to 37.1% alcohol
intoxication history and 6.2% with MAUD treatment history among
those without a GIP/GLP-1 RA prescription in the AUD cohort.

The crude and adjusted IRR and 95% Cls that estimate the rate of
incident substance-use outcomes (opioid overdose and alcohol intoxi-
cation) for those prescribed any GIP/GLP-1 RA compared to those
without a GIP/GLP-1 RA prescription are presented in Table 2.
Among individuals with OUD, those with a GIP/GLP-1 RA prescrip-
tion had a 40% lower rate of incident opioid overdose compared to
those without a GIP/GLP-1 RA prescription (alRR [95% CI] = 0.60
[0.43, 0.83]). When stratified by comorbid conditions, the rate of
incident opioid overdose remained significantly protective for those
prescribed GIP/GLP-1 RA. There was a 38% lower rate of opioid over-
dose among those with Type 2 diabetes and a GIP/GLP-1 RA pre-
scription (alRR [95% CI] = 0.62 [0.46, 0.82]), 33% lower among those
with obesity and a GIP/GLP-1 RA prescription (alRR [95% CI] = 0.67
[0.49, 0.92]), and 35% lower among those with both Type 2 diabetes
and obesity and a GIP/GLP-1 RA prescription (alRR [95% CI] = 0.65
[0.48, 0.88]). Among individuals with AUD, those with a GIP/GLP-1
RA prescription had a 50% lower rate of incident alcohol intoxication
compared to those without a GIP/GLP-1 RA prescription (alRR [95%
Cl] = 0.50 [0.40, 0.63]). When stratified by Type 2 diabetes, obesity
and Type 2 diabetes and obesity, the rate of incident alcohol intoxica-
tion for those with a GIP/GLP-1 RA prescription was, respectively,
49% lower (alRR [95% CI] = 0.51 [0.40, 0.65]), 42% lower (alRR [95%
ClI] = 0.58 [0.45, 0.75]), and 42% lower (alRR [95% CI] = 0.58 [0.45,
0.75]) compared to those without GIP/GLP-1 RA prescriptions among
the cohort with AUD.

Figures 1(a,b) display the rate (per 10 000 patients) of incident
substance-related outcomes (opioid overdose and alcohol intoxica-
tion) versus the time since index encounter for individuals with and
without GIP/GLP-1 RA prescriptions among those with OUD
and AUD. Figure 1(a) examines patients with OUD, whereas Figure 1
(b) examines those with AUD. For those without GIP/GLP-1 RA pre-
scriptions, the rate (95% CI) per 10 000 patients of opioid overdose
was 81.16 (78.46, 83.89) at month zero and decreased to 52.39

(48.08, 56.88) at month 24. The rate of opioid overdose, for those
with GIP/GLP-1 RA prescriptions, in Figure 1(a) started at 30.44
(19.29, 44.08) at month zero and ended ~17.22 (4.69, 37.74) at
month 24. In Figure 1(b), the rate (95% Cl) per 10 000 patients of
alcohol intoxication for those without a GIP/GLP-1 RA prescription
was 280.85 (276.41, 285.31) at month zero and decreased to 201.47
(193.93, 209.15) at month 24. For those with GIP/GLP-1 RA prescrip-
tions in Figure 1(b), the rate of alcohol intoxication started at 82.09
(57.80, 110.58) at month zero and decreased to ~62.35 (26.92,
112.41) at month 24. Generally, the rates between individuals with
and without a GIP/GLP-1 RA prescriptions remained significantly dif-
ferent over time.

Sensitivity analyses in Table S15 revealed similar protective find-
ings as those of the main analysis, in that under all analysis modifica-
tions, those prescribed GIP/GLP-1 RA had lower rates of opioid
overdoses and alcohol intoxications than those not prescribed.
Opioid overdose alRRs (95% Cls) ranged from 0.49 (0.32, 0.73) to
0.70 (0.46, 1.06) and alcohol intoxication alRRs (95% Cls) ranged from
0.43 (0.31, 0.59) to 0.72 (0.53, 0.98) across all analysis modifications.
Supplemental analyses in Table S16 additionally revealed protective
associations when treating outcomes as time to events, with associa-
tions matching those of the main analysis more closely when consid-
ering recurrent outcomes (opioid overdose [first outcome] adjusted
HR [aHR] [95% CI] = 0.68 [0.56, 0.82]; opioid overdose [recurrent
outcomes] aHR [95% CI] = 0.61 [0.51, 0.73]; alcohol intoxication [first
outcome] aHR [95% ClI] = 0.74 [0.63, 0.87]; alcohol intoxication
[recurrent outcomes] aHR [95% Cl] = 0.47 [0.43, 0.52]) Additionally,
protective associations were found between GIP/GLP-1 RA prescrip-
tions and SUD-related encounters, although these associations were
not as strongly protective as associations between GIP/GLP-1 RA pre-
scriptions and opioid overdose and alcohol intoxication (among those
with OUD [2 years of follow-up] alRR [95% CI] = 0.90 [0.84, 0.97];
among those with AUD [2 years of follow-up] alRR [95% CI] = 0.85
[0.80, 0.90])).

DISCUSSION

The results of this study suggest that among individuals diagnosed
with OUD and AUD, those with GIP/GLP-1 RA prescriptions have a
lower rate of opioid overdose and alcohol intoxication compared to
individuals without GIP/GLP-1 RA prescriptions even when account-
ing for similarities within and differences between hospital systems.
The GIP/GLP-1 RA prescriptions exhibited a strong protective associ-
ation with alcohol intoxication among those with AUD. The
GIP/GLP-1 RA and related prescriptions additionally displayed a
strong protective association with opioid overdose among individuals
with OUD. The protective effects of GIP/GLP-1 RA prescriptions
were found to be strongest for the overall sample of participants and
weakened only slightly for those with Type 2 diabetes, then obesity,
and last both Type 2 diabetes and obesity while all remaining signifi-
cant. These findings highlight foundational estimations of the associa-

tion between GIP/GLP-1 RA prescriptions and opioid overdose/
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FIGURE 1 Rate (95% Cl) of incident substance-related outcomes ([a] opioid overdose; [b] alcohol intoxication) versus time since index
encounter, for those prescribed any GIP/GLP-1 RA compared to those not prescribed, among those with a history of opioid use disorder and

those with a history of alcohol use disorder.

alcohol intoxication and introduce the idea that GLP-1 RA and other
related drugs should be investigated as a novel pharmacotherapy
treatment option for individuals with OUD or AUD.

Among those with OUD or AUD, we found that the incidence of
substance-related outcomes opioid overdose and alcohol intoxication
is lower for individuals with GIP/GLP-1 RA prescriptions compared to
those without prescriptions. This finding aligns with recent research in
animals that has found GLP-1 RA drugs to effectively treat acute
substance use-related behavioral effects of ethanol, cocaine, amphet-
amine and nicotine in rodents [37]. For example, a study by Vallof
et al. [59] concluded that weekly treatment of dulaglutide, a GLP-1 RA
medication, reduced ethanol intake and ethanol preference in both
male and female rats with prolonged effects seen in male rats.
Exendin-4 has exhibited reduction in cue-induced heroin seeking
behaviors and drug-induced reinstatement of heroin seeking in
rodents indicating a possibly effective treatment of opioid use
in humans [38]. Although numerous animal studies suggest the
potential role of GLP-1 RA in SUD, there is very little human evidence
to support this theory. Bouhlal et al. [60] observed significant effects
on the GLP-1 hormone after intravenous cocaine administration

indicating a possible association between the two. Additionally, a
translational study examined connections between four human
genetic studies and one preclinical study and concluded that GLP-1
RA could be effective personalized pharmacotherapy in the treatment
of AUD [61]. The potential of GIP and GLP-1 RA medications to treat
substance use related outcomes is an important discovery for individ-
uals struggling to access or achieve success with current substance-
use pharmacotherapy. However, embracing novel pharmacotherapies
involves not only validating their clinical efficacy, but also addressing
accessibility, cost and patient retention challenges, as highlighted by
Morgan and Assoumou [62]. These authors stress the importance of
real-world applicability of novel treatments, noting that without
addressing the known challenges of access and retention, even the
most clinically effective treatments can fail to make a real-world
impact. Future studies should attempt to identify the possible mecha-
nisms of action of GLP-1 RA in substance use behaviors and further
examine the association between GLP-1RA drugs and individuals
with SUD.

The association between GIP/GLP-1 RA prescriptions and opioid
overdose and alcohol intoxication was strongest for the overall
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participant group. When stratified by comorbidity, the association
grew gradually weaker, while remaining significantly protective of the
outcomes, among groups of individuals with Type 2 diabetes, obesity
and both Type 2 diabetes and obesity. This finding is consistent with
research indicating those with diabetes and obesity are at a higher risk
of adverse substance-related outcomes than those without these
comorbid conditions [63-65]. Yet, notwithstanding the burden of
Type 2 diabetes and obesity, stratification analyses showed that
GIP/GLP-1 RA prescriptions still displayed significantly protective
effects of both opioid overdose and alcohol intoxication among those
with OUD and AUD diagnoses. Additional research could investigate
this association among these comorbid groups to better characterize
the extent of GIP/GLP-1 RA prescriptions to protect against various
substance-related outcomes among individuals burdened with multi-
ple comorbid conditions.

The rate of incident opioid overdose and alcohol intoxication for
individuals with GIP/GLP-1 RA prescriptions was significantly lower
than those without GIP/GLP-1 RA prescriptions over time. As
described previously in the discussion, this result is consistent with
current literature that has found GIP/GLP-1 RA to effectively reduce
alcohol-, nicotine- and other substance-seeking behaviors [35-37]. In
addition to this significant finding, it may be important to note the
gradual decrease in opioid overdose and alcohol intoxication that is
seen in individuals without GIP/GLP-1 RA prescriptions among both
OUD and AUD cohorts of our study. The gradual decline in
substance-use outcomes for individuals without GIP/GLP-1 RA pre-
scriptions could be explained by trends in treatment for OUD and
AUD. Research has found that individuals seeking treatment for alco-
hol dependence were more likely to relapse within the first year, espe-
cially within the first 3 months of abstinence [66]. One study
examined lapse and relapse among patients with opioid dependence
admitted to a 6-week treatment plan and found that 91% of individ-
uals reported a relapse and 60% of those relapses occurred within the
first week of treatment [67]. Yet, notwithstanding this gradual decline
in those not prescribed, rates of overdose and intoxication among
those prescribed were immediately low even in the first month fol-
lowing index encounter and remained lower throughout the study
period. Future research with experimental designs can be performed
to investigate the causal effects of GIP/GLP-1 RA drugs more thor-
oughly as well as dive deeper into the short (acute) and long-term

(chronic) impacts.

Implications

This study’s findings have the potential to suggest significant implica-
tions for both clinical practice and public health policy in the coming
years. Clinically, these findings may encourage healthcare providers to
research using GIP/GLP-1 RA medications as part of a holistic treat-
ment approach, especially for patients with coexisting metabolic disor-
ders. From a public health perspective, the results—strengthened by
similar findings—may support a reevaluation of current treatment

guidelines and policies to potentially encompass GIP/GLP-1 RA

treatments, with an emphasis on accessibility and research support.
Future research should focus on prospective clinical trials to validate
these findings, explore the underlying mechanisms and determine the
long-term efficacy and safety of GIP/GLP-1 RA medications in diverse
populations. Additionally, the study highlights the importance of inter-
disciplinary research in understanding the neurobiological links
between metabolic disorders and problematic substance use, poten-
tially leading to more effective treatment strategies within healthcare

systems.

Limitations

This study does have several limitations to note. First, the retrospec-
tive correlational nature of the data limits the ability to assume causal-
ity between GIP/GLP-1 RA prescriptions and lower rates of opioid
overdose and alcohol intoxication. Additional prospective research is
needed to examine if GIP/GLP-1 RA drugs have the ability to impact
substance use-related behaviors and confirm our findings. Second,
although the Cerner database is one of the largest electronic medical
record repositories available, the data is limited to Cerner-affiliated
hospitals and clinics meaning events occurring outside these partici-
pating partners were not measured. Third, the accuracy of the results
produced in this study is limited by our team’s ability to use the most
appropriate classification algorithms and enter data correctly, as well
as other limitations inherent in EHR data such as real-world timing
capture (difference between onset of disease and actual capture of
disease in the hospital), higher severity in hospital populations com-
pared to general public and inter-hospital/physician differences
affecting diagnosis/treatment [68]. However, to overcome these par-
ticular issues, we used validated classification algorithms (such as
those from the Centers for Medicare and Medicaid Services) [69],
focused on more emergency-based outcomes (opioid overdose and
alcohol intoxication) that would be more likely to be captured in real
time, adjusted for healthcare utilization in sensitivity analyses and
accounted for inter-hospital differences in all analyses. Further, we
were only able to assess overall generic prescription associations.
Future studies could examine all generic types as well as explore spe-

cific brands.

CONCLUSION

Our study, focusing on assessing the association between GIP/GLP-1
RA prescriptions and substance-related outcomes, specifically opioid
overdose and alcohol intoxication, in patients with OUD and AUD,
reveals the possibilities of a novel therapeutic pathway in substance
use treatment. The potential of GIP/GLP-1 RA medications, tradition-
ally used for metabolic disorders, in mitigating these critical
substance-related outcomes emphasizes the importance of exploring
existing drugs for new applications. Although the results are promis-
ing, they highlight the need for further research, particularly prospec-
tive clinical trials, to validate these associations and understand the
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underlying mechanisms. This study not only contributes to the evolv-
ing landscape of substance use therapy but also opens avenues for
more comprehensive and effective treatment strategies for those
affected by OUD and AUD.
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