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Abstract
Background: Glucagon- like peptide- 1 receptor agonists (GLP- 1 RAs) are new 
anti- hyperglycaemic drugs with proven cardiovascular (CV) benefit in diabetic 
and non- diabetic patients at high CV risk. Despite a neutral class effect on ar-
rhythmia risk, data on semaglutide suggest a possible drug- specific benefit in re-
ducing atrial fibrillation (AF) occurrence.
Objective: To perform a meta- analysis of randomized clinical trials (RCTs) to 
assess the risk of incident AF in patients treated with semaglutide compared to 
placebo.
Methods and Results: Ten RCTs were included in the analysis. Study popula-
tion encompassed 12,651 patients (7285 in semaglutide and 5366 in placebo arms), 
with median follow- up of 68 months. A random effect meta- analytic model was 
adopted to pool relative risk (RR) of incident AF. Semaglutide reduces the risk of 
AF by 42% (RR .58, 95% CI .40–.85), with low heterogeneity across the studies (I2 
0%). At subgroup analysis, no differences emerged between oral and subcutaneous 
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1  |  INTRODUCTION

Glucagon- like peptide- 1 receptor agonists (GLP- 1 RAs) are 
new anti- hyperglycaemic drugs which mimic the effects of 
the endogenous GLP- 1, contributing to favourable glycae-
mic control and weight loss.1 During the past decade, clini-
cal trials of GLP- 1 RAs mainly focused on effects on major 
adverse cardiovascular events (MACE) in type 2 diabetes 
mellitus (T2DM) patients beyond their beneficial glycaemic 
and weight loss effects, showing a 14% MACE reduction in 
T2DM patients (mostly with established cardiovascular (CV) 
disease).2 Interestingly, the recently published SELECT trial 
demonstrated that semaglutide was also effective in reduc-
ing MACE in a population of overweight individuals and 
pre- existing CV disease without diabetes, laying the basis 
for its possible use in non- diabetic patients at high CV risk.3

Previous large- scale cardiovascular outcome trials 
(CVOTs) in diabetic patients had raised safety concerns re-
lated to an increased arrhythmic risk in patients undergo-
ing GLP- 1 RA therapy, which were allayed following results 
of a meta- analytic analysis demonstrating no difference in 
terms of atrial arrhythmias, ventricular arrhythmias, as 
well as sudden cardiac death, between patients on GLP- 1 
RA and controls.4 Specific data on semaglutide suggested, 
instead, a potential protective effect of the drug on the in-
cidence of atrial fibrillation (AF), a common arrhythmia 
known to be a major driver of morbidity and mortality.5

The aim of the present study was therefore to perform 
a systematic review and meta- analysis summarizing cur-
rent clinical evidence and assessing the relative risk (RR) 
of incident AF in patients treated with semaglutide as 
compared to placebo.

2  |  METHODS

This systematic review and meta- analysis was per-
formed in accordance to Preferred Reporting Items 

for Systematic Reviews and Meta- Analyses (PRISMA) 
recommendations.6

2.1 | Search strategy

PubMed/MEDLINE, EMBASE, CENTRAL and Clini calTr 
ial. gov databases were screened from their inceptions to 
10 April 2024, using the following search strategy: “sema-
glutide AND (randomized OR RCT)”.

2.2 | Study selection and quality 
assessment

Two investigators (AS, MA) independently reviewed the 
titles/abstracts and studies to determine their eligibility 
based on the inclusion criteria and extracted all the rel-
evant outcomes of interest. Inclusion criteria were: (a) 
randomized design; (b) studies that compare semaglu-
tide administration (oral or subcutaneous) versus pla-
cebo; and (c) studies that report incident AF episodes 
as adverse events. Short follow- up duration (less than 
24 weeks) and non- English language were considered 
exclusion criteria. Risk of bias assessment was per-
formed at the study level using the revised Cochrane 
risk- of- bias tool (RoB2) for RCT (Supplementary 
Material—Data S1).

2.3 | Data extraction

Two investigators (AS and MA) extracted relevant data, 
which included study characteristics (study name, regis-
tration number, year of publication, population size), base-
line features of participants (mean age, male proportion, 
baseline BMI, glycated haemoglobin [HbA1c]), semaglu-
tide dosage and administration route, and outcome data. 

administration (oral: RR .53, 95% CI .23–1.24, I2 0%; subcutaneous: RR  .59, 95% 
CI .39–.91, I2 0%; p- value .83). In addition, meta- regression analyses did not show 
any potential influence of baseline study covariates, in particular the proportion of 
diabetic patients (p- value .14) and body mass index (BMI) (p- value .60).
Conclusions: Semaglutide significantly reduces the occurrence of incident AF 
by 42% as compared to placebo in individuals at high CV risk, mainly affected 
by type 2 diabetes mellitus. This effect appears to be consistent independently of 
the route of administration of the drug (oral or subcutaneous), the presence of 
underlying diabetes and BMI.

K E Y W O R D S

atrial fibrillation, glucagon- like peptide- 1 receptor agonists, overweight, semaglutide
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The primary outcome of the study was AF incidence dur-
ing follow- up, while the secondary outcome was incidence 
of ischaemic stroke. Considered that arrhythmic events, as 
well as ischaemic stroke events, were commonly reported 
as severe adverse events (SAEs), the adverse events sec-
tion of each study page on Clini calTr ials. gov was checked 
to collect outcome data, when present. Risk of bias at the 
study level was assessed using the RoB2 for RCTs7 (please 
refer to Supplementary Appendix—Data S1).

2.4 | Statistical analysis

Baseline features of the meta- analytic population are re-
ported as median values between the included studies, 
together with their interquartile range. To account for the 
likely heterogeneity across studies, a random effect model 
(inverse- variance weighting) was adopted. Meta- analysis 
of RR was performed and the results with the correspond-
ing 95% confidence interval (CI) were reported as a forest 
plot. Heterogeneity across studies was assessed using the 
Cochran Q test. Higgins I2 statistics was used to determine 
the degree of between- study heterogeneity (I2 < 25%—
low, 25%–50%—moderate and >50%—high degree of 

heterogeneity). To investigate potential publication bias, 
Egger test was run to identify asymmetry of funnel plot. A 
pre- specified subgroup analysis was also performed con-
sidering the route of administration of the drug (oral vs. 
subcutaneous). Finally, meta- regression analysis was per-
formed to assess potential influence of study- specific base-
line covariates and of the magnitude of body fat reduction 
(measured as the study- specific differential weight reduc-
tion [kg] and differential waist circumference reduction 
[cm] between the two treatment arms) on treatment effect 
for the primary outcome.

p values <.05 were considered statistically significant. 
Statistical analyses were performed with RStudio version 
1.3.959 (Posit PBC, Boston, USA).

3  |  RESULTS

Initial search retrieved 2974 results (please refer to 
Figure  1 for the PRISMA flow diagram). Forty reports 
were assessed for eligibility and 10 of them finally included 
in the present systematic review and meta- analysis.8–17 
Figure S1 reports study quality evaluation through RoB2 
tool, showing that the majority of included RCTs were 

F I G U R E  1  Flow chart of the search strategy following PRISMA guidelines.
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judged at low risk of bias. Table  1 reports main clinical 
characteristics of the included studies.

The final study population encompassed 12,651 pa-
tients (7285 in the semaglutide and 5366 in the placebo 
arm, respectively), with a nearly 1:1 male- to- female ratio 
(males 51% [IQR 45–63]). Median age was 56 years (IQR 
51–66 years), while median body mass index (BMI) and gly-
cosylated haemoglobin (HbA1c) were, respectively 33 kg/
m2 (IQR 32–36 kg/m2) and 8% (IQR 6.2–8.1%). Median 
follow- up duration was 68 months (IQR 52–68 months). 
Concerning drug administration route, four studies used 
oral semaglutide as the intervention arm (total number of 
patients: 4194), while the remaining six studies used sub-
cutaneous semaglutide (total number of patients: 8457). 
Pooled incidence rate of AF episodes in the control arm 
was .86 events per 100 person- years (Figure S2).

Meta- analysis revealed that semaglutide reduces 
the risk of incident AF episodes by 42% (RR .58, 95% CI 
.40– .85), with low heterogeneity across the included stud-
ies (I2 0%). The pre- specified subgroup analysis based on 
administration route did not report any significant differ-
ence between oral and subcutaneous (oral semaglutide: 
RR  .53, 95% CI .23–1.24, I2 0%; subcutaneous semaglutide: 
RR .59, 95% CI .39–.91, I2 0%; p- value for subgroup dif-
ferences:  .83). Figure  2 displays the meta- analytic forest 
plot, reporting overall and subgroup (oral and subcuta-
neous) treatment effect estimates. Funnel plot analysis 
(Figure S3) did not detect potential risk for publication bias 
(Egger's test p- value: .71). Concerning secondary outcome, 
for which data was available in 7 out of the 10 included 
studies, no significant difference emerged between study 
arms (RR .76, 95% CI .47–1.24, I2 0%; Figure 3). Moreover, 
at sensitivity analysis by multivariate meta- analytic ap-
proach including both outcomes into the model, results 
were similar to those of the univariate models separately 
evaluating primary and secondary outcome (Table S1).

Meta- regression analyses for the primary outcome 
did not show any potential influence of the following 
baseline study covariates (Figure  4): follow- up duration 
(p- value  .42), male sex (p- value .72), age (p- value .71), pro-
portion of T2DM patients in each study (p- value .14), BMI 
(p- value .60), Hb1AC (p- value .49). Similarly, treatment 
effect appeared to be independent from the achieved mag-
nitude of differential body fat reduction (differential body 
weight reduction: p- value .63; differential waist circum-
ference reduction: p- value .15). Table  S2 reports study- 
specific body fat reduction metrics.

4  |  DISCUSSION

The main findings of the present systematic review and 
meta- analysis (Graphical Abstract) are:

1. in a meta- analytic population constituted by over-
weight individuals mainly affected by T2DM GLP- 1 
RA semaglutide significantly reduces the occurrence 
of incident AF episodes (−42%) along a median fol-
low- up of 68 months;

2. the meta- analytic estimate did not show heterogeneity 
across the included RCTs (I2 0%);

3. the reduction in incident AF episodes appears to be in-
dependent from the administration route of the drug 
(oral vs. subcutaneous); and

4. baseline clinical variables, as well as the magnitude of 
fat reduction, did not influence the extent of drug ef-
fect; notably the treatment effect appeared to be inde-
pendent from BMI and presence of T2DM.

In the past few years, obesity has clearly emerged as 
an independent risk factor for the development of AF, as 
documented by an additional 25% risk of incident AF for 
every five- unit increase in BMI.18,19 Moreover, scientific 
evidence has accumulated demonstrating how excessive 
body weight is related to sub- optimal results of AF cath-
eter ablation and how weight loss, in a dose- dependent 
fashion, reduces long- term recurrences after ablation 
and AF severity and burden in unselected cohort of AF 
patients.20–24

Different mechanisms have been proposed to explain 
how overweight/obesity contribute to risk, progression 
and severity of AF.25,26 Obesity might be closely related 
to systemic conditions such as hypertension, obstructive 
sleep apnoea syndrome, diabetes, as well as might involve 
an increased local epicardial27,28 and intramyocardial29,30 
fat content. Additionally, in obese individuals, the white 
adipose tissue (WAT), that includes the epicardial adipose 
tissue, undergoes profound changes; it expands, becomes 
dysfunctional and develops a low- grade inflammatory 
state.31 These systemic and local changes in turn promote 
inflammation and oxidative stress, potentially leading to 
structural remodelling, left atrial enlargement and electri-
cal remodelling, ultimately causing and perpetuating AF. 
Interestingly enough, activating the thermogenic brown 
adipose tissue (BAT) and browning of WAT are both under 
active study as appealing therapeutic interventions for the 
prevention and re- versal of obesity; GLP- 1 mediated path-
ways (central and peripheral) are actively involved in this 
process.32

Among the different GLP- 1 RAs, semaglutide was 
shown to have the highest efficacy in reducing body 
weight.33 This is most likely due to an additional direct 
effect on the arcuate nucleus of the hypothalamus, affect-
ing the activity of neural pathways involved in food in-
take, reward and energy expenditure, including centrally 
mediated BAT activation and promotion of WAT brown-
ing.34,35 This peculiarity might explain why semaglutide, 
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differently to other GLP- 1 RAs appearing neutral in terms 
of risk of incident AF, reduces the risk of AF in overweight 
individuals. It should also be kept in mind that semaglutide 
is the only GLP- 1 RA with an oral formulation available, 

potentially reaching similar pharmacological effects with 
a greater compliance. Of note, it should be highlighted 
that semaglutide has shown more effective in improving 
metabolic status than the other GLP- 1 RAs,36 and this 

F I G U R E  3  Forest plot for ischaemic stroke occurrence comparing semaglutide vs placebo arms, also providing the estimates for 
subgroups based on drug administration route (oral or subcutaneous).

Subgroup

Total (95% CI)
Heterogeneity: Tau2 = 0; Chi2 = 2.13, df = 6 (P = 0.91); I2 = 0%
Residual heterogeneity: Tau2 = NA; Chi2 = 2.04, df = 5 (P = 0.84); I2 = 0%
Test for subgroup differences: Chi2 = 0.09, df = 1 (P = 0.77)

Administration = Oral

Administration = Sc

Total (95% CI)

Total (95% CI)

Heterogeneity: Tau2 = 0; Chi2 = 0.42, df = 2 (P = 0.81); I2 = 0%

Heterogeneity: Tau2 = 0; Chi2 = 1.62, df = 3 (P = 0.65); I2 = 0%
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F I G U R E  2  Forest plot for AF occurrence comparing semaglutide vs placebo arms, also providing the estimates for subgroups based on 
drug administration route (oral or subcutaneous).

Subgroup

Total (95% CI)
Heterogeneity: Tau2 = 0; Chi2 = 5.19, df = 9 (P = 0.82); I2 = 0%
Residual heterogeneity: Tau2 = NA; Chi2 = 5.15, df = 8 (P = 0.74); I2 = 0%
Test for subgroup differences: Chi2 = 0.05, df = 1 (P = 0.83)
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Heterogeneity: Tau2 = 0; Chi2 = 0.95, df = 3 (P = 0.81); I2 = 0%

Heterogeneity: Tau2 = 0; Chi2 = 4.2, df = 5 (P = 0.52); I2 = 0%

PIONEER 4
PIONEER 5
PIONEER 6
PIONEER 11

SUSTAIN 6
STEP 1
STEP 2
STEP 4
STEP 6
STEP HFpEF

Study or
Events

 1
 1
 6
 1

26
 2
 4
 1
 0
 3

Total

7285

2429

4856

 285
 163
1591
 390

1648
1306
 805
 535
 299
 263

Experimental
Events

 0
 1
14
 0

38
 1
 2
 2
 1
12

Total

5366

2025

3341

 142
 161
1591
 131

1649
 655
 402
 268
 101
 266

Control
Weight

100.0%

20.5%

79.5%

1.4%
1.9%

15.8%
1.4%

58.9%
2.5%
5.0%
2.5%
1.4%
9.2%

MH, Random, 95% CI

0.58 [0.40;  0.85]

0.53 [0.23;  1.24]

0.59 [0.39;  0.91]

1.50 [0.06; 36.53]
0.99 [0.06; 15.66]
0.43 [0.17;  1.11]
1.01 [0.04; 24.65]

0.68 [0.42;  1.12]
1.00 [0.09; 11.04]
1.00 [0.18;  5.43]
0.25 [0.02;  2.75]
0.11 [0.00;  2.75]
0.25 [0.07;  0.89]

Risk Ratio

0.01 0.1 1 10 100

Risk Ratio
MH, Random, 95% CI
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F I G U R E  4  Meta- regression bubble plots for study- level clinical features and body fat reduction metrics.
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peculiarity might be one of the potential players, adjunc-
tive to weight loss, of the AF protection effect. The rele-
vance of metabolic status has been thoroughly discussed 
over recent years, particularly because it has been used to 
explain, at least partly, the so- called ‘obesity paradox’—
the phenomenon whereby overweight and mildly obese 
patients with established CV disease have apparently bet-
ter short-  and moderate- term prognoses compared with 
leaner patients—also claimed for AF patients.37,38 Likely, 
it is rather the complex interplay between adipose tissue 
(only grossly described by BMI, not able to discriminate 
between subcutaneous and visceral fat) and metabolic sta-
tus that determines the CV risk of a specific individual.

Interestingly, since no significant association between the 
percentage of diabetic patients of the included studies and 
the meta- analytic risk estimate emerged, the present results 
suggest that drug effect is likely maintained in non- diabetic 
individuals. The target population for the drug might there-
fore be larger than the diabetic population. Of note, one 
of the included studies, the STEP HFpEF trial, enrolled a 
population of overweight patients without T2DM and with 
heart failure with preserved ejection fraction, demonstrating 
that in a higher AF risk population (incidence rate of AF 
was higher compared to that in cohorts of non- HF patients 
with T2DM, please refer to Figure S2) semaglutide has high 
efficacy in preventing incident AF episodes (study- specific 
treatment estimate: RR  .25 [95 CI .07–.89]). This translates 
into a study- specific NNT to prevent an AF episode of 30 (at 
1 year), compared to an overall meta- analytic NNT of 357. 
Albeit the overall meta- analytic population was character-
ized by low risk of incident AF (incidence rate of .86 per 100 
person- year) and resulted in a relatively high NNT, the effect 
appears to be consistent (and, at least numerically, poten-
tially stronger) in a higher- risk subpopulation, such as that 
of STEP- HFpEF (incidence rate of 4.25 per 100 person- year). 
Altogether, these findings provide interesting potential clin-
ical applications, such as considering to prescribe semaglu-
tide in T2DM or overweight individuals without known AF 
to reduce the risk of experiencing the arrhythmia and its 
potential consequences. No statistically significant differ-
ences were found in ischaemic stroke occurrences between 
semaglutide and placebo group, however secondary out-
come analysis is limited by a very low incidence rate of the 
outcome, not permitting adequate power and therefore not 
excluding that in higher risk populations these differences 
could have reached statistical significance also for ischaemic 
stroke, the most feared AF consequence. Future specifically 
designed clinical trials are needed to support the potential 
use of semaglutide as a new upstream therapy for prevent-
ing AF in T2DM and/or overweight individuals, particularly 
assessing how to select patients who will benefit most from 
the drug in terms of AF prevention.

Finally, despite the meta- regression analyses not show-
ing a relationship between absolute weight reduction and 

treatment effect, the magnitude of differential body fat re-
duction showed a trend, albeit not statistically significant, 
of an increased treatment effect when a higher reduction 
in waist circumference was achieved, potentially suggest-
ing that a key driver in reducing AF risk is central obesity 
(visceral adipose tissue). Closing the circle, visceral adi-
posity has been associated with epicardial adipose tissue 
inflammation and dysfunction, both involved in AF pro-
motion.39 Of note, a recent study performing Mendelian 
randomization analysis showed that genetically deter-
mined central obesity, as denoted by waist circumference, 
hip circumference and trunk fat mass, was associated with 
an increased risk of AF.40 This association still remained 
significant even after adjusting for potential mediators 
such as hypertension, diabetes, BMI, body fat percentage 
and sleep apnea.

4.1 | Limitations

There are some limitations to our systematic review and 
meta- analysis. First, AF episodes reported as SAE in the 
included trials are likely clinically relevant symptomatic 
episodes, thus virtually excluding possible asymptomatic 
episodes that could have been detected in dedicated tri-
als implementing ad- hoc monitoring strategies to assess 
AF occurrence (e.g. periodic ECG Holter monitoring). 
Second, due to the limited number of included studies 
and that some studies provided limited contribution to the 
pooled estimates, we cannot exclude that meta- regression 
analyses were underpowered to detect potential signifi-
cant causes of heterogeneity among the baseline clinical 
covariates. Moreover, even though we did not apparently 
detect heterogeneity across studies, we cannot exclude 
that the computed I2 index might be due to the low num-
ber of events in the majority of the studies, rather than 
indicating a real absence of heterogeneity of the investi-
gated outcomes. Finally, the lack of a deeper cardiac phe-
notyping of the included patients prevents from being 
able to perform specific meta- regression analysis based on 
specific cardiological features (e.g. left ventricular ejection 
fraction, baseline prevalence of AF).

5  |  CONCLUSION

The GLP- 1 RA semaglutide significantly reduces the oc-
currence of incident AF episodes by 42% as compared 
to placebo in overweight individuals mainly affected by 
T2DM; this effect appears to be consistent across the dif-
ferent randomized trials included in the present study 
and independent of (1) the administration route of the 
drug (oral or subcutaneous), (2) the presence of under-
lying T2DM, and (3) BMI. Altogether, these findings 
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potentially lay the basis for broadening the use of the 
drug in overweight individuals, even without a concomi-
tant diagnosis of diabetes, to reduce the risk of incident 
AF. Future dedicated trials should be designed to address 
this hypothesis.
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