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Accumulation and attenuation of cardiovascular benefit with 
glucagon-like peptide 1 receptor agonists
Jonathan A Batty  ‍ ‍ ,1,2,3,4 Tamara del Toro  ‍ ‍ ,3,4 Marlous Hall  ‍ ‍ 3,4

Use of GLP-1 receptor agonists reduces the risk of 
cardiovascular events in people with type 2 diabetes, 
but these benefits may be reduced if treatment is 
interrupted; a linked study highlights the importance 
of target trial emulation in evaluating long term 
treatment strategies and informing future clinical and 
policy decisions, write Batty and colleagues

Glucagon-like peptide 1 receptor agonists (GLP-
1RAs) improve glycaemic control,1 promote 
weight loss,2 delay progression of kidney 
disease,3 and reduce major adverse cardiovas-
cular events (including myocardial infarction and 
stroke)4–6 in people with type 2 diabetes mellitus. 
The expanding indications of GLP-1RAs—
including for individuals with obesity but who 
do not have diabetes—have driven rapid global 
uptake.7 However, discontinuation is common, 
with studies reporting that up to half of patients 
stop treatment with a GLP-1RA within the first 
year.8 9 Although previous evidence suggests that 
interruption or discontinuation of GLP-1RAs may 
diminish or reverse their beneficial cardiometa-
bolic effects,10 the impact on major adverse cardi-
ovascular events has remained uncertain.

To investigate this, Xie and colleagues 
conducted a target trial emulation analysis 
using routinely collected electronic health 
record data from the US Department of Veterans 
Affairs healthcare system (doi:10.1136/bmjmed-
2025-002150).11 The target trial emulation 
framework provides a structured approach to 
mimicking a hypothetical randomised trial (the 
target trial) using large amounts of observational 
data according to a prespecified protocol.12 By 
aligning eligibility criteria, treatment strategies, 
follow-up, outcomes, and analytical methods 
with the target trial, the target trial emulation 
approach provides a structured way to answer a 
specific causal question from extensive health-
care data. If specified properly, target trial emula-
tion can mitigate common biases in observational 
research, such as immortal time, misclassifi-
cation, and selection bias,13 while offering the 
opportunity to efficiently investigate treatment 
effectiveness at whole population scale.

The authors assembled a retrospective cohort 
of 333 687 individuals with type 2 diabetes who 
had started treatment with either a GLP-1RA or a 
sulphonylurea (a class of glucose-lowering drug 
with no established cardioprotective benefit) 
between 2017 and 2023. Within the GLP-1RA 
arm, the researchers emulated a series of prespec-
ified treatment strategies, reassigning treatment 

status every six months. This approach, known 
as sequential trial design, allowed the authors to 
investigate the complex structure of time-varying 
treatment regimens to capture continued GLP-1RA 
use, discontinuation, or interruption.14 15 Using 
inverse probability weighted marginal structural 
models to account for baseline and time-varying 
confounding, they estimated the three year cumu-
lative incidence of major adverse cardiovascular 
events for 16 GLP-1RA treatment trajectories.

The key findings of this study suggest a duration 
dependent association between GLP-1RA usage 
and reduction in major adverse cardiovascular 
events. In total, 26% of new initiators of GLP-1RA 
discontinued treatment during follow-up, with 
two thirds of discontinuations occurring during 
the first year. Compared with those who received 
a sulphonylurea, a short duration (≤1.5 years) of 
GLP-1RA use was not associated with a signifi-
cant reduction in major adverse cardiovascular 
events; however, continued GLP-1RA use for two 
years or longer was associated with significant 
risk reduction, with an 18% (95% confidence 
interval (CI) 15% to 22%) reduction in major 
adverse cardiovascular events for those who 
received continuous GLP-1RA treatment during 
the three year follow-up period. Interruption 
of GLP-1RA treatment was associated with an 
increased risk of major adverse cardiovascular 
events compared with continued GLP-1RA use: 
interruption at six months, one year, and two 
years was associated with 4% (95% CI 1% to 8%), 
14% (9% to 18%), and 22% (16% to 27%) greater 
cumulative incidence of major adverse cardiovas-
cular events, respectively.

These findings are plausible and in line with 
earlier randomised trial findings, which demon-
strated consistent reductions in major adverse 
cardiovascular events in high risk populations 
with type 2 diabetes.4 5 Proposed mechanisms 
include favourable effects on glycaemic control, 
weight loss, lipid profiles, blood pressure, and 
systemic inflammation.16 17 Discontinuation has 
been observed to lead to weight regain and dete-
rioration in cardiovascular risk factors,10 which 
may erode the benefits accrued. In their study,11 
Xie and colleagues were not able interrogate the 
causal mechanisms through which discontinua-
tion was associated with adverse cardiovascular 
outcomes.

This linked study11 highlights the value of 
applying the target trial emulation framework 
to routinely collected data to answer questions 
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that cannot otherwise be reasonably examined 
in conventional randomised controlled trials. 
Randomising GLP-1RA de-prescription in type 2 
diabetes would pose ethical concerns, given the 
proven benefits of GLP-1RAs in this population. 
Implementation of the target trial emulation 
framework enabled researchers to capitalise on 
inherent variation in clinical practice, allowing 
the impact of GLP-1RA discontinuation to be 
investigated in an ethical and efficient manner, 
at scale. While effective implementation of target 
trial emulation can be used to produce trial-like 
findings, their success depends on the appro-
priate use of causal inference methodology to 
minimise systematic biases seen in observational 
pharmacoepidemiology.18–20 The authors made 
several robust methodological choices, including 
the use of a sequential trial design and marginal 
structural models to mitigate the possible effect 
of time-varying confounding of treatment contin-
uation on major adverse cardiovascular events. 
The scale of the Veterans Affairs healthcare 
dataset enabled well powered comparisons across 
multiple treatment trajectories for more than 330 
000 individuals followed for three years—beyond 
what would be feasible in a randomised setting.

Several potential limitations of the reported 
study11 must also be considered. Although the 
authors reported their predefined protocol at 
the time of publication (complete with eligibility 
criteria, treatment strategies, outcomes, and esti-
mands), advanced registration of a full study 
protocol is considered best practice. Given the 
non-randomised nature of this study, important 
unmeasured differences may remain between 
individuals who continued and discontinued 
treatment. The authors were unable to explore 
reasons for high discontinuation rates observed 
or to evaluate differences between individual 
GLP-1RA agents. The cohort under investiga-
tion included mostly older men with diabetes, 
so further work is required to substantiate these 
findings for younger people, female groups, and 
those who do not have diabetes but who use GLP-
1RAs for obesity.

As GLP-1RAs move from specialist diabetes 
clinics into wider clinical practice, greater clin-
ical attention must be given to long term treat-
ment trajectories and improvement of treatment 
continuity, to maintain the cardioprotective 
effects seen with GLP-1RAs. Future research 
should focus on the generalisability of these 
findings, better understanding drivers of discon-
tinuation, and evaluation of strategies that 
support sustained GLP-1RA use in people with 
type 2 diabetes. These approaches may include 
structured follow-up during treatment initiation, 
improved management of gastrointestinal side 
effects, and the development of novel agents with 

improved side effect profiles. Leveraging popula-
tion scale data to monitor and optimise long term 
treatment trajectories will be central to trans-
lating the cardiovascular promise of GLP-1RAs 
into durable real world benefit.

AUTHOR AFFILIATIONS
1Hull York Medical School, York, UK
2Academic Cardiovascular Unit, James Cook University Hospital, 
South Tees NHS Foundation Trust, Middlesbrough, UK
3Leeds Institute for Data Analytics, University of Leeds, Leeds, UK
4Leeds Institute of Cardiovascular and Metabolic Medicine, 
University of Leeds, Leeds, UK

Contributors  JAB drafted the initial text. TdT and MH reviewed 
the text, provided feedback, and suggested changes. All authors 
contributed to editing and final approval of the manuscript. JAB is 
responsible for the overall content as guarantor.

Funding  JAB received funding from a National Institute for Health and 
Care Research (NIHR) Clinical Lectureship and 4ward North Clinical 
PhD Fellowship (Wellcome Trust; 227498/Z/23/Z). TdT received 
funding from a University of Leeds British Heart Foundation 4 year PhD 
Studentship (FS/4yPhD/F/23/34194). MH received funding from the 
Wellcome Trust (Wellcome CDA; 327557/Z/25/Z).

Competing interests  We have read and understood the BMJ policy 
on declaration of interests and declare the following interests: none.

Provenance and peer review  Commissioned; not externally peer 
reviewed.

Open access  This is an open access article distributed in accordance 
with the Creative Commons Attribution 4.0 Unported (CC BY 4.0) 
license, which permits others to copy, redistribute, remix, transform 
and build upon this work for any purpose, provided the original 
work is properly cited, a link to the licence is given, and indication 
of whether changes were made. See: https://creativecommons.org/​
licenses/by/4.0/.

ORCID iDs
Jonathan A Batty https://orcid.org/0000-0003-4102-5418
Tamara del Toro https://orcid.org/0009-0005-5253-0227
Marlous Hall https://orcid.org/0000-0003-1246-2627

REFERENCES

	1	 Yao H, Zhang A, Li D, et al. Comparative effectiveness of GLP-1 
receptor agonists on glycaemic control, body weight, and lipid 
profile for type 2 diabetes: systematic review and network 
meta-analysis. BMJ 2024;384:e076410. 10.1136/bmj-2023-
076410

	2	 Vilsbøll T, Christensen M, Junker AE, et al. Effects of glucagon-like 
peptide-1 receptor agonists on weight loss: systematic review and 
meta-analyses of randomised controlled trials. BMJ 2012;344:d7771. 
10.1136/bmj.d7771

	3	 Badve SV, Bilal A, Lee MMY, et al. Effects of GLP-1 receptor agonists 
on kidney and cardiovascular disease outcomes: a meta-analysis 
of randomised controlled trials. Lancet Diabetes Endocrinol 
2025;13:15–28. 10.1016/S2213-8587(24)00271-7

	4	 Marso SP, Daniels GH, Brown-Frandsen K, et al. Liraglutide and 
Cardiovascular Outcomes in Type 2 Diabetes. N Engl J Med 
2016;375:311–22. 10.1056/NEJMoa1603827

	5	 Marso SP, Bain SC, Consoli A, et al. Semaglutide and Cardiovascular 
Outcomes in Patients with Type 2 Diabetes. N Engl J Med 
2016;375:1834–44. 10.1056/NEJMoa1607141

	6	 Stefanou M-I, Theodorou A, Malhotra K, et al. Risk of major adverse 
cardiovascular events and stroke associated with treatment with 
GLP-1 or the dual GIP/GLP-1 receptor agonist tirzepatide for type 
2 diabetes: A systematic review and meta-analysis. Eur Stroke J 
2024;9:530–9. 10.1177/23969873241234238

	7	 Ukhanova M, Wozny JS, Truong CN, et al. Trends in glucagon-like 
peptide 1 receptor agonist prescribing patterns. Am J Manag Care 
2025;31:e228–34. 10.37765/ajmc.2025.89778

	8	 Weiss T, Yang L, Carr RD, et al. Real-world weight change, 
adherence, and discontinuation among patients with type 2 
diabetes initiating glucagon-like peptide-1 receptor agonists in 

https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0003-4102-5418
https://orcid.org/0009-0005-5253-0227
https://orcid.org/0000-0003-1246-2627
http://dx.doi.org/10.1136/bmj-2023-076410
http://dx.doi.org/10.1136/bmj.d7771
http://dx.doi.org/10.1016/S2213-8587(24)00271-7
http://dx.doi.org/10.1056/NEJMoa1603827
http://dx.doi.org/10.1056/NEJMoa1607141
http://dx.doi.org/10.1177/23969873241234238
http://dx.doi.org/10.37765/ajmc.2025.89778


Batty JA, et al. BMJMED 2026;5:e002704. doi:10.1136/bmjmed-2026-002704 3

OPEN ACCESSOPEN ACCESS

the UK. BMJ Open Diabetes Res Care 2022;10:e002517. 10.1136/
bmjdrc-2021-002517

	9	 Do D, Lee T, Peasah SK, et al. GLP-1 Receptor Agonist 
Discontinuation Among Patients With Obesity and/or Type 
2 Diabetes. JAMA Netw Open 2024;7:e2413172. 10.1001/
jamanetworkopen.2024.13172

	10	 Wilding JPH, Batterham RL, Davies M, et al. Weight regain and 
cardiometabolic effects after withdrawal of semaglutide: The STEP 
1 trial extension. Diabetes Obes Metab 2022;24:1553–64. 10.1111/
dom.14725

	11	 Xie Y, Choi T, Al-Aly Z. Glucagon-likepeptide 1 receptor agonist 
discontinuation andrisks of major adverse cardiovascular events in 
adults with type2 diabetes: target trial emulation. BMJMED 2026. 
10.1136/bmjmed-2025-002150

	12	 Hernán MA, Robins JM. Using Big Data to Emulate a Target 
Trial When a Randomized Trial Is Not Available. Am J Epidemiol 
2016;183:758–64. 10.1093/aje/kwv254

	13	 Fu EL, Harhay MO, Schneeweiss S, et al. Starting right: aligning 
eligibility and treatment assignment at time zero when emulating a 
target trial. BMJ 2026;392:e084909. 10.1136/bmj-2025-084909

	14	 Keogh RH, Gran JM, Seaman SR, et al. Causal inference in survival 
analysis using longitudinal observational data: Sequential trials and 
marginal structural models. Stat Med 2023;42:2191–225. 10.1002/
sim.9718

	15	 Murray EJ, Caniglia EC, Petito LC. Causal survival analysis: A 
guide to estimating intention-to-treat and per-protocol effects 
from randomized clinical trials with non-adherence. Research 
Methods in Medicine & Health Sciences 2021;2:39–49. 
10.1177/2632084320961043

	16	 Szekeres Z, Nagy A, Jahner K, et al. Impact of Selected Glucagon-like 
Peptide-1 Receptor Agonists on Serum Lipids, Adipose Tissue, and 
Muscle Metabolism-A Narrative Review. Int J Mol Sci 2024;25:8214. 
10.3390/ijms25158214

	17	 Alharbi SH. Anti-inflammatory role of glucagon-like 
peptide 1 receptor agonists and its clinical implications. 
Ther Adv Endocrinol Metab 2024;15:20420188231222367. 
10.1177/20420188231222367

	18	 Hernán MA, Sauer BC, Hernández-Díaz S, et al. Specifying a target 
trial prevents immortal time bias and other self-inflicted injuries in 
observational analyses. J Clin Epidemiol 2016;79:70–5. 10.1016/j.
jclinepi.2016.04.014

	19	 Hansford HJ, Cashin AG, Jones MD, et al. Reporting of Observational 
Studies Explicitly Aiming to Emulate Randomized Trials: A 
Systematic Review. JAMA Netw Open 2023;6:e2336023. 10.1001/
jamanetworkopen.2023.36023

	20	 Schaffer AL, Hulme WJ. The importance of properly specifying your 
target trial emulation: commentary on Mésidor et al. J Clin Epidemiol 
2025;180:111683. 10.1016/j.jclinepi.2025.111683

http://dx.doi.org/10.1136/bmjdrc-2021-002517
http://dx.doi.org/10.1001/jamanetworkopen.2024.13172
http://dx.doi.org/10.1111/dom.14725
http://dx.doi.org/10.1136/bmjmed-2025-002150
http://dx.doi.org/10.1093/aje/kwv254
http://dx.doi.org/10.1136/bmj-2025-084909
http://dx.doi.org/10.1002/sim.9718
http://dx.doi.org/10.1177/2632084320961043
http://dx.doi.org/10.1177/2632084320961043
http://dx.doi.org/10.3390/ijms25158214
http://dx.doi.org/10.1177/20420188231222367
http://dx.doi.org/10.1016/j.jclinepi.2016.04.014
http://dx.doi.org/10.1001/jamanetworkopen.2023.36023
http://dx.doi.org/10.1016/j.jclinepi.2025.111683

	Accumulation and attenuation of cardiovascular benefit with glucagon-­like peptide 1 receptor agonists
	References


