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Abstract
Objective: To examine the association between use of glucagon-like peptide 1 (GLP-1) receptor agonists and 

risk of alcohol-related events.

Methods: In this register-based cohort study and self-controlled case series all Danish citizens aged 18 or above 
(n=4,296,270) in 2010 were included and followed for an alcohol-related event defined by a hospital contact with 
alcohol use disorder, registration in the National Registry of Alcohol Treatment; or purchase of drugs for treatment 
of alcohol withdrawal syndrome or alcohol dependence in Danish nationwide registers from 2010 through 2018. 
Redeemed prescriptions of GLP-1 receptor agonists identified by the Anatomical Therapeutic Chemical classification 
system codes in the Danish National Prescription Registry between 2010-2018 were used as exposure. Associations 
were examined in cohort and self-controlled case-series designs using Cox proportional hazard and conditional 
Poisson regression. 

Results: During a mean follow-up of 8.2 years, 97,868 (2.3 %) of all participants were registered with an alcohol-
related event. Among the 44,649 (1.0 %) participants who initiated GLP1 receptor agonists, 448 (1.0 %) experienced 
an alcohol-related event. Initiation of GLP-1 receptor agonists treatment was associated with lower risk of an alcohol-
related event (Hazard ratio=0.59 (95% CI: 0.53-0.65). Self-controlled case-series analysis showed that the highest 
risk of alcohol-related events was in a three month pre-treatment period (incidence rate ratio (IRR) =1.20(0.90-
2.02)), whereas the risk was lowest in the first 3 month treatment period (IRR = 0.61(0.49-0.91). During the following 
2 years of continued treatment with GLP-1 receptor agonists, the risk did not vary from the non-treatment period. 

Conclusion: Compared with non-users, individuals who start treatment with GLP-1 receptor agonists had lower 
incidence of alcohol-related events in traditional cohort analyses, but self-controlled analyses indicated that this is 
explained by confounding by indication. However, there might be a transient preventive effect the first month after 
start of GLP-1 receptor agonist treatment.

Keywords: Addiction; Addiction research; Addiction therapy; 
Alcohol; GLP-1; Treatment; Cohort study; Case-series study; 
Epidemiology; Register study

Introduction
Alcohol use disorders are some of the most prevalent mental 

disorders worldwide affecting 8.6% of men and 1.7% of women [1] and 
with a lifetime prevalence of around 30% [2,3]. Alcohol use disorders 
are associated with markedly reduced life expectancy [4], a higher 
risk for concomitant  chronic diseases and injuries as well as social 
deprivation including family disruption, unemployment and criminal 
convictions [5]. 

The treatment goal for most patients with alcohol use disorders is 
abstinence, and the way to achieve this often includes a combination 
of counselling (including motivational interviewing and encouraging 
patients to take responsibility for change) and medication [6]. To 
date, only few drugs such as disulfiram, acamprosate, nalmefene, and 
naltrexone have been approved as treatment of alcohol use disorders. 
However, the effect of the drugs varies and a recent population-based 
study found that disulfiram did not change risk of hospitalization for 
alcohol use disorder, and patients using acamprosate actually have 
a higher risk of hospitalization for an alcohol use disorder [7]. Only 

naltrexone seems to be effective in reducing heavy drinking, but less 
efficacious in promoting abstinence [8]. 

In recent years evidence from animal studies have shown that 
intestinal hormones such as ghrelin and glucagon-like-peptide 1 (GLP-
1), which are well-known as regulators of appetite and food intake, might 
also affect alcohol-related behaviours [9]. GLP-1 is a hormone secreted 
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by the intestine in response to food intake and together with other 
gut hormones, it signals to the pancreas increasing insulin secretion 
and reducing glucagon secretion [10]. GLP-1 receptor agonists have 
therefore been developed for the treatment of type 2 diabetes. Apart 
from the peripheral effects, GLP-1 has also been found to function 
in the central nervous system [11]. Here, GLP-1 has been found to 
decrease consummatory behaviour by inhibition and modulation of 
dopaminergic neurons in the ventral tegmental area and the nucleus 
accumbens which are central areas involved in the mesolimbic reward 
system [12-14]. To date, the GLP-1 receptor agonist’s liraglutide and 
semaglutide are approved for treating obesity [15]. 

Studies on the effect of GLP-1 receptor agonists on alcohol addiction 
have reported reduction in alcohol drinking behaviour in rodents and 
monkeys [16,17], and polymorphisms in the GLP-1 receptor gene have 
been associated with alcohol use disorders [18]. However, to date no 
published studies on humans have examined the potential association 
between GLP-1 receptor agonists and alcohol use disorders. Thus, the 
aim of this study was to examine the association between use of GLP-1 
receptor agonists and the risk of subsequent alcohol-related events in 
Danish adults. 

Methods
Study population

We conducted a cohort study using information on the entire 
Danish population from nationwide registers. The study population 
was identified in the Danish Civil Registration System using the unique 
personal identification number (CPR) which enables accurate linkage 
of recorded individual-level information in all registers [19]. The cohort 
consisted of all persons from 18 years of age and living in Denmark at 
the start of the follow-up period (January 1, 2010) (n=4,299,646).  

Main exposure: GLP-1 receptor agonists 

All refills of prescriptions for medication were identified in the 
Danish National Prescription Registry, which contains information 
on all prescribed drugs dispensed at pharmacies since 1995 including 
date of prescription redemption and anatomical therapeutic chemical 
(ATC) codes [20]. 

The main exposure was treatment with GLP-1 receptor agonists 
which were defined as a redeemed prescription of drugs with ATC code 
A10BJ. In Denmark, the first GLP-1 receptor agonist, Exernatide, was 
approved for antidiabetic treatment in 2006, but the number of GLP-1 
receptor agonist users was not stable until 2010 due to the initiation of 
liraglutide to the Danish marked in 2009. Consequently, we excluded 
3,376 who had initiated GLP-1 receptor agonist treatment before 2010 
as they might represent a selected group of patients [21], leaving a 
study population of 4,296,270 individuals. 

Negative control exposures: insulin and metformin

To compare the potential effect of GLP-1 receptor agonists on 
alcohol-related events to the potential effect of other antidiabetic 
agents, all redeemed prescriptions of insulin and metformin was 
included using ATC codes A10A and A10BA02.

Outcomes: Alcohol-related events 

The outcome of interest was alcohol-related events measured by: 
1) Hospital contacts with a main diagnosis of alcohol use disorders 
(international classification of diseases (ICD)-10 code DF10) in 
the Danish National Patient Registry; 2) Registered treatments 

for alcoholism in the National Registry of Alcohol Treatment; or 
3) Purchase of the benzodiazepine chlordiazepoxide (ATC code 
N05BA02), which is used for alcohol withdrawal syndrome or purchase 
of a medication against alcohol dependence (ATC code N07BB), 
registered in the Danish National Prescription Registry. 

The Danish National Patient Registry includes information on 
physicians’ diagnoses for all inpatient, outpatient and emergency 
contacts at Danish hospitals since 1995, whereas the National Registry 
of Alcohol Treatment includes data on public treatment for alcoholism 
treatment since 2006 [22,23]. For individuals with more than one 
outpatient hospital contact, events recorded within 180 days of each 
other were categorized as the same, whereas emergency and inpatient 
events recorded within 15 days of each other were categorized as the 
same (e.g. due to discharge from psychiatric hospital to go to somatic 
hospital). If an individual had more than one purchase of an alcohol-
related medication, the following purchases within 180 days of each 
were assumed to belong to the same treatment event. For details see 
Supplementary Table 2 in the Supplement for included data and 
Supplementary Table 3 for the distribution of alcohol-related events 
on data source for the different populations. 

Covariables

We selected several factors assumed to be associated with selection 
of patients for GLP-1 receptor agonists and risk of alcohol-related 
events as covariates. From the Danish National Patient Registry and 
Danish National Prescription Registry we obtained information on 
history of heart disease, stroke, diabetes, obesity, schizophrenia, major 
depression, alcohol, and substance abuse. From the Danish Civil 
Registration System, we obtained information on sex, age, marital 
status, country of origin and the region of place of living. Data on 
highest achieved educational level was obtained from the Population’s 
Education register. Educational level was categorized into four groups 
(low: primary school; middle: high school, vocational education 
(educations aimed towards manual work), and high: higher education, 
and higher advanced education and missing (patients born before 
1920, older immigrants, or still receiving education)). Codes used for 
definitions of covariates are given in supplementary Table 4.  

Ethical aspects

The study was approved by the Regional Data Protection 
Agency. As the data only included register-data, informed consent 
from participants was not required. The data used in the study are 
anonymized and located at Statistics Denmark and at the Danish 
Clinical Registries and cannot directly be accessed by others due to 
privacy restrictions.

Statistical analysis

The associations between GLP-1 receptor agonist’s prescriptions 
and alcohol-related events were analysed using the following 
approaches to address potential confounding by indication: Multiple 
adjustments, propensity score matching and self-controlled case-series 
design. Finally, we included two potential negative control exposures, 
insulin, and metformin, assuming they would have similar confounding 
but no plausible biological connection with the outcome. All analyses 
were performed in STATA-16. 

First, we used Cox proportional hazard regression to calculate 
hazard ratio (HR) and 95% Confidence Intervals (CI) and included 
GLP-1 receptor agonist treatment as a time-dependent variable. Thus, 
if a patient started GLP-1 receptor agonist treatment during follow-up, 
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this patient would change exposure status from unexposed to expose. 
Cohort members were followed from January 1st, 2010 or initiation of 
GLP-1 receptor agonist treatment until first registration of an alcohol-
related event, emigration, death, or end of follow-up (December 31st, 
2018), whichever came first. To explore if the risk varied during follow-
up, we examined the incidence rates for 0-90 and 90-365 days and 
later after first prescription of GLP-1 receptor agonists by splitting the 
data on follow-up time. We accounted for potential confounders by 
multiple adjustments for age, sex, marital status, education, country of 
origin, somatic and psychiatric comorbidity, diabetes, and time since 
diabetes diagnosis/treatment at baseline. Since the risk of alcohol-
related events vary with sex, age and comorbid obesity, we explored 
potential interactions with these variables in stratified analyses and, 
if applicable, tested by including interaction terms using likelihood 
ratio tests. This showed no significant interactions when analyses were 
stratified by these covariates.

Next, we did a propensity score (PS) calibration [24], where the 
PS was estimated by use of Cox proportional hazard regression as the 
relative hazard of exposure (to GLP-1 receptor agonists) conditional 
on the baseline covariates. With this score, we performed PS matching 
with a one-to-one match on the nearest neighbour. In Cox proportion 
hazard regression models, we subsequently estimated the hazard of 
alcohol-related event in the PS-matched sample. 

To further reduce some potential residual confounder, we secondly 
included a self-controlled case-series design [25]. In this design, only 
included participants who purchased GLP-1 receptor agonists during 
follow-up were included, and the potential association between 
GLP-1 receptor agonist treatment and an alcohol-related event was 
investigated by comparing different time periods for each individual. 
In this analysis, the available follow-up time for each individual was 
classified into five different categories: 

1.	 Time when unexposed to GLP-1 receptor agonists (non-
treatment period); 

2.	 A three months preexposure period up to and including the 
date of first prescription of GLP-1 receptor agonists; 

3.	 The first three months following GLP-1 agonist initiation 
(initial exposed time); 

4.	 4-12 months following GLP-1 agonist initiating (late exposed 
time); and 

5.	 The following 13-24 months (consolidated exposed time) 
after initiation. 

The pre-exposure period was defined because of concerns about 
confounding by indication. We used Poisson regression conditional 
on the individual person to calculate the incidence of alcohol-related 
events in the different study periods and generated incidence rate 
ratios, with 95% confidence intervals, using the non-treatment period 
as reference. Individuals who discontinued or died were censored one 
month after the last prescription of GLP-1 receptor agonists or at time 
of death. Self-controlled time series remove time constant confounders 
but are still sensitive towards time varying factors such as age which we 
adjusted for [26]. 

Finally, all the above analyses were repeated using insulin and 
metformin as negative control exposures.

Results
Of the 4,296,270 participants with a mean age 49.2 years, 50.9% 

were women, 85,456 (2.0%) had a previous diabetes diagnosis, while 
251,435 (5.1%) had a history of alcohol or substance abuse. GLP-1 
receptor agonist treatment was initiated in 44,649 individuals (1.0 %), 
while 55,157 (1.1%) individuals started insulin, and 174,467 (4.1%) 
started metformin. At baseline, GLP-1 agonist users generally had 
higher mean age, were more often men and had more comorbidities 
compared with non-users, but in the PS matched sample, there were 
only small differences in the distribution of covariates between GLP-1 
agonist treated and non-treated subjects (Table 1). During follow-up 
of a mean of 8.2 years (SD 2.0), a total of 97,868 (2.3%) participants 
experienced an alcohol-related event corresponding to an incidence 
rate (IR) of 27.3 (95% CI 27.1-27.5) cases per 10,000 person-years. 

Association of GLP-1 receptor agonists with alcohol-related 
events

In the multiple adjusted Cox proportional hazard regression 
model, GLP-1 receptor agonist use was associated with a lower risk 
of a subsequent alcohol-related event (HR 0.59 (95% CI 0.53-0.65)) 
compared to non-use (Figure 1). When splitting into time periods, 
the lower risk was more pronounced during time periods closest to 
initiation (HR1 year after 0.43 (95% CI 0.36-0.52), HR90 days after 0.30 (95% 
CI 0.20-0.45)). In the PS matched sample, the results from the Cox 
proportional hazard regression models were similar to those obtained 
by multiple adjustment (HR 0.55 (95% CI 0.49-0.63)) and with the 
lowest risk in time-period closest to GLP-1 agonist initiation (Figure 1).

In the self-controlled analysis, we compared time periods before 
and after initiation of GLP-1 receptor agonist treatment. This showed 
that the IR of an alcohol-related event was highest during the last three 
months before GLP-1 receptor agonist initiation (pre-treatment period 
IR 118.2 (95% CI 99.5-140.0) per 10,000 person-years), while the lowest 
rate was found in the three months following GLP-1 receptor agonist 
treatment initiation (initial treatment period, IR 66.0 (95%CI 52.2-
83.4) per 10,000 person-years) (Figure 2). Thus, when compared to 
the non-treatment period, the incidence rate ratio (IRR) was slightly 
higher (IRR 1.20 (95% CI 0.90-2.02)) in the pre-treatment period and 
significantly lower (0.61 (95% CI 0.42-0.91)) in the initial treatment 
period. During the following years of continued treatment, the risk did 
not vary from the non-treatment period.

Associations of the negative control exposures with alcohol-
related events

Characteristics of individuals treated with metformin or insulin 
at the time of treatment initiation is shown in supplementary Table 
5. The multiple adjusted Cox proportional hazard regression models 
with insulin or metformin as negative control exposures showed that 
both insulin and metformin users had a higher risk of an alcohol-
related event during the entire follow-up period (HRInsulin 1.90 (95% CI 
1.79-2.00), HRMetformin 1.48 (95% CI 1.43-1.52) vs. HRGLP-1 0.59 (95% CI 
0.53-0.65)) (Figure 3). For insulin users, this risk was higher during all 
time periods, while for metformin the risk was slightly lower than in 
non-users during the first year and especially, during the first 90 days 
(HRMetformin 0.81 (95% CI 0.72-0.92). In the PS-matched samples, results 
were similar to results from the multiple adjusted models (Figure 1).

The self-controlled analysis showed that compared to in the non-
treatment period, the IRR was highest in the three months preceding 
treatment initiation and lowest in the three months following initiation 
of insulin or metformin treatment (Figure 2 and Figure 4).
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Item No Recommendation Page No
Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title or the abstract P1-2

(b) Provide in the abstract an informative and balanced summary of what was done and what was found P2
Introduction
Background/rationale 2 Explain the scientific background and rationale for the investigation being reported P4
Objectives 3 State specific objectives, including any prespecified hypotheses P4-5
Methods
Study design 4 Present key elements of study design early in the paper P5
Setting 5 Describe the setting, locations, and relevant dates, including periods of recruitment, exposure, follow-

up, and data collection
P5-6

Participants 6 (a) Give the eligibility criteria, and the sources and methods of selection of participants. Describe 
methods of follow-up

P5

(b) For matched studies, give matching criteria and number of exposed and unexposed N/A
Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and effect modifiers. Give 

diagnostic criteria, if applicable
P5-6

Data sources/ 
measurement

8*  For each variable of interest, give sources of data and details of methods of assessment 
(measurement). Describe comparability of assessment methods if there is more than one group

P5-6

Bias 9 Describe any efforts to address potential sources of bias P5-8
Study size 10 Explain how the study size was arrived at P5
Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If applicable, describe which 

groupings were chosen and why
P6

Statistical methods 12 (a) Describe all statistical methods, including those used to control for confounding P6-8
(b) Describe any methods used to examine subgroups and interactions P7
(c) Explain how missing data were addressed P6
(d) If applicable, explain how loss to follow-up was addressed N/A
(e) Describe any sensitivity analyses N/A

Results
Participants 13* (a) Report numbers of individuals at each stage of study—eg numbers potentially eligible, examined 

for eligibility, confirmed eligible, included in the study, completing follow-up, and analysed
P5 and P6

(b) Give reasons for non-participation at each stage P5
(c) Consider use of a flow diagram N/A

Descriptive data 14* (a) Give characteristics of study participants (eg demographic, clinical, social) and information on 
exposures and potential confounders

P8

(b) Indicate number of participants with missing data for each variable of interest Table 1 and suppl table 4
(c) Summarise follow-up time (eg, average and total amount) P8

Outcome data 15* Report numbers of outcome events or summary measures over time P8
Main results 16 (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their precision 

(eg, 95% confidence interval). Make clear which confounders were adjusted for and why they were 
included

P8-9
Fig 1-3
Suppl Fig 1-2

(b) Report category boundaries when continuous variables were categorized N/A
(c) If relevant, consider translating estimates of relative risk into absolute risk for a meaningful time period N/A

Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, and sensitivity analyses Validations-study in 
supplementary

Discussion
Key results 18 Summarise key results with reference to study objectives P9-10
Limitations 19 Discuss limitations of the study, taking into account sources of potential bias or imprecision. Discuss 

both direction and magnitude of any potential bias
P11-12

Interpretation 20 Give a cautious overall interpretation of results considering objectives, limitations, multiplicity of 
analyses, results from similar studies, and other relevant evidence

P10-11

Generalisability 21 Discuss the generalisability (external validity) of the study results P11
Other information
Funding 22 Give the source of funding and the role of the funders for the present study and, if applicable, for the 

original study on which the present article is based
P12

*Give information separately for exposed and unexposed groups.
Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and published examples of transparent reporting. The 
STROBE checklist is best used in conjunction with this article (freely available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal 
Medicine at http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is available at http://www.strobe-statement.org.

Table 1: STROBE Statement: Checklist of items that should be included in reports of cohort studies.

Discussion
Principal findings

In this nationwide register-based cohort study, we found that 
use of GLP-1 receptor agonists was associated with a lower risk of a 

subsequent alcohol-related event after adjustment for covariates. In 
self-controlled analysis, initiation of GLP-1 receptor agonist treatment 
was also associated with a lower risk of an alcohol-related event 
compared with the non-treatment period but only during the first 3 
month after start of treatment. The negative control exposures insulin 
and metformin were both associated with higher risk of a subsequent 
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alcohol-related event in cohort analyses, whereas in the self-controlled 
design, the risk of alcohol-related events were highest in the three 
months preceding treatment initiation and lowest in the three months 
after initiation. 

Comparison with related studies 

Available data on the effects of GLP-1 receptor agonists on alcohol 
intake in patients with alcohol use disorder are extremely limited [14]. 
Data in abstract format reported that liraglutide treatment reduce 
alcohol intake in patients with diabetes [27]. Thus, most evidence of an 
effect of GLP-1 receptor agonists on alcohol consumption is based on 
rodent studies [17] and studies in velvet monkeys [28], all showing that 
GLP-1 receptor agonists reduce intake of alcohol. The present study 
was based on the hypothesis that GLP-1 receptor agonists attenuate 

the ability of alcohol to activate the mesolimbic dopamine system, and 
through this decreases motivation for alcohol consumption [29,30]. At 
first, our findings seemed to support that initiation of GLP-1 receptor 
agonist treatment is associated with fewer alcohol-related events, 
which we used as proxy for a lowered alcohol intake. However, data 
from different approaches to address confounding indicated that a part 
of this relation might be explained by unmeasured confounding: While 
the multiple adjusted and propensity score matched analyses both 
showed lower rates of alcohol-related events in individuals treated with 
GLP-1 receptor agonists, the self-controlled design - which efficiently 
accounts for unmeasured between person confounding - showed 
that GLP-1 agonist users had low rates of alcoholic events during the 
first three months after treatment start but similar rates the following 
months. In the latter analysis, individuals who discontinued treatment 

Figure 1: Association between GLP-1 receptor agonists and alcohol-related events using multiple adjustments or propensity score matching (PS). 
Note: Rates of alcohol-related events are calculated at different times of follow-up. Multiple adjustments for age, sex, marital status, education, country of origin, somatic 
and psychiatric comorbidity, diabetes and time since diabetes diagnosis/treatment at baseline. HR = hazard ratio. CI = confidence intervals. N-out = number with an alcohol-
related events.

Figure 2: Incidence rates and rate ratios of alcohol-related events in different time periods within 44,649 GLP-1 receptor agonists users.
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were censored and as the potential effect of GLP-1 receptor agonists on 
alcohol behaviour seemed to attenuate with time. Thus, it is possible 
that the effect is either only observed in the initial treatment phase, i.e. 3 
months, or is caused by GLP-1 receptor agonist-related adverse events, 
is due to unspecified factors e.g. more frequent contact to doctors, 
healthy life style advices or other lifestyle choices during this specific 
time-period. Most previous experimental studies have examined 
potential acute effects of GLP-1 receptor agonists, while evidence on 
chronic or sub-chronic use of GLP-1 receptor agonists and alcohol 
use is sparse [17]. It is thus possible, that only acute but not chronic 
use of GLP-1 receptor agonists affects alcohol consumption. In human 
studies testing the effect of the GLP-1 receptor agonist liraglutide on 
CNS activation in response to viewing food pictures or to chocolate 
milk in obese subject, liraglutide significantly reduced CNS activation 
compared to insulin during the first 12 weeks, however, the effect 

ceased to be significant after 12 weeks of treatment [31, 32]. 

Common side effects of GLP-1 receptor agonists after initiation 
include malaise and nausea [33], and it is also a possibility that these 
side effects could cause lower alcohol consumption during the first 
three months. In the self-controlled analyses, results were similar for 
users of GLP-1 receptor agonists, metformin and insulin, suggesting 
that the effect of GLP-1 may also be due to non-drug related factors 
during the specific time-period after initiating a new drug treatment.

Strengths and weaknesses

Our study benefits from a longitudinal design and the use of 
nationwide population-based registers in Denmark, a country with free 
access to health care. Register linkage enabled us to minimize probable 
selection or recall bias as all exposures were recorded independently 

Figure 3: Multiple adjusted association between GLP-1 receptor agonists, insulin and metformin use and alcohol-related events. 
Note: Rates of alcohol-related events are calculated in different time periods. Multivariable adjustment is for age, sex, marital status, education, country of origin, somatic 
and psychiatric comorbidity, diabetes and time since diabetes diagnosis/treatment at baseline. HR = hazard ratio. CI = confidence intervals. N-out = number with an alcohol-
related events.

Figure 4: Incidence rate ratios of alcohol-related events in different time periods within patients initiating treatment with GLP-1 receptor agonists, insulin or metformin.
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of the outcome. Information on drug exposures was relative complete 
and entered as time-varying covariate in cohort analysis. Finally, we 
used different strategies to account for confounding by indication as 
suggested by others [34]. 

This observational study has two main limitations. First, we 
used patients registers to identify alcohol-related events as proxies 
for alcohol consumption. To test this approach, we did a validation 
study comparing the register-based definition with information on 
self-reported data on alcohol consumption in a longitudinal study of 
2725 middle-aged men (Online-only Validation study). This study 
showed that low self-reported alcohol consumption was associated 
with fewer alcohol-related events, which indicates that our outcome 
measure may reflect changes in heavy alcohol consumption. The other 
main limitation is confounding by indication. Although we used 
several approaches to address potential confounding, each method 
has limitations. In the cohort and PS matched sample, all data used 
for adjustment were register-based and the information on education, 
comorbidities and at baseline might not fully reflect difference e.g. in 
relation to lifestyle and social relations between patients selected for 
GLP-1 receptor agonist treatment or not. The self-controlled case-series 
design, on the other hand, account for time invariant confounders, e.g. 
personality traits and family or genetic disposition but time-varying 
confounders may still influence the association. For example, the higher 
risk of outcomes during the pre-treatment period might be due to 
excessive drinking which might contribute to metabolic dysregulation 
leading to antidiabetic treatment. Similar, the lower risk during the 
initial treatment period may partly have been because of the support 
from health care facilities. Finally, we brought insulin and metformin 
into the analysis as negative control exposures. We assumed that these 
individuals in many ways would be similar to those treated with GLP-1 
receptor agonists. However, this assumption was not fulfilled as users 
of these antidiabetics had other sociodemographic profiles and health 
status than GLP-1 receptor agonist users.  

Conclusion
In conclusion, the incidence of alcohol-related events was low 

in individuals who started treatment with GLP-1 receptor agonists, 
but self-controlled analyses indicated that this might be explained 
by confounding by indication. However, there might be a transient 
preventive effect on alcohol-related events the first months after 
treatment initiation.

Overall, this study does not support that treatment with the 
presently available GLP-1 receptor agonists is an effective alternative 
to the existing treatment of alcohol use disorders, but the present study 
considers changes in heavy alcohol consumption only and our results 
may not be applicable to moderate alcohol use.
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