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Abstract

Background: Obesity and type 2 diabetes mellitus (T2DM) are independent drivers of atrial remodeling and arrhythmogenesis. Semaglu-
tide improves metabolic and inflammatory pathways, potentially mitigating the risk of atrial fibrillation (AF). This meta-analysis aims to
evaluate the incidence of AF in patients treated with semaglutide compared with placebo. Methods: We systematically pooled data from
15 randomized controlled trials (RCTs) evaluating once-weekly subcutaneous or daily oral semaglutide at various doses versus placebo.
The study population consisted of patients with T2DM or overweight/obesity, and in specific trials, these cohorts were further associ-
ated with comorbidities such as heart failure with preserved ejection fraction (HFpEF) or chronic kidney disease (CKD). The primary
outcome was the incidence of AF. Odds ratios (ORs) and 95% confidence intervals (CIs) were calculated using a random-effects model
with inverse-variance weighting. Results: A pooled cohort of 34,822 patients with 506 new-onset AF cases was analyzed. Overall,
semaglutide did not statistically significantly reduce the risk of new-onset AF compared with placebo (OR 0.86; 95% CI: 0.72-1.03;
p = 0.10), with no heterogeneity (I> = 0%). Subgroup analyses revealed no significant differences in AF risk based on administration
route. Similarly, no significant interaction was observed when stratifying by patient population, with a neutral effect in T2DM pa-
tients and a non-significant protective trend in overweight or obesity cohorts (OR 0.80; 95% CI: 0.63-1.01; p = 0.06). Concomitant
sodium-glucose cotransporter 2 inhibitor (SGLT2i) therapy did not modify the treatment effect. Meta-regression revealed no influ-
ence of baseline covariates, including treatment duration, publication year, mean participant age, body mass index (BMI), and glycated
hemoglobin (HbAlc) levels. Sensitivity analysis showed that the overall effect size was driven by the FLOW trial. When the FLOW
trial was omitted from the meta-analysis, the resulting pooled analysis revealed a significant reduction in AF incidence with semaglu-
tide therapy compared to placebo (OR 0.81; 95% CI: 0.67-0.98; p = 0.03). Conclusions: Semaglutide exhibits a robust cardiovascular
safety profile, with no significant increase or decrease in the incidence of AF compared to placebo. An exploratory sensitivity analysis
excluding populations with advanced chronic kidney disease suggested a potential protective effect. Given its hypothesis-generating
nature, this finding requires cautious interpretation and further confirmation. The PROSPERO Registration: CRD420261393817
(https://www.crd.york.ac.uk/PROSPERO/view/CRD420261393817).
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1. Introduction ocardium and secretes proinflammatory cytokines, foster-
ing localized oxidative stress, localized inflammation, and
fibro-fatty infiltration of the atrial wall [2,3]. In patients
with T2DM, this substrate is further exacerbated by chronic
hyperglycemia and insulin resistance. Advanced glyca-
tion end-products (AGEs) accumulate within the myocar-
dial matrix, promoting profound structural remodeling via

Atrial fibrillation (AF) represents the most prevalent
cardiac arrhythmia worldwide [1]. Both obesity and type 2
diabetes mellitus (T2DM) are now recognized as indepen-
dent, potent drivers of atrial remodeling and arrhythmogen-
esis. From a pathophysiological standpoint, the link among
obesity, T2DM, and AF is synergistic. Obesity promotes

AF through chronic hemodynamic alterations, including in-
creased total blood volume and cardiac output, which lead
to left atrial stretch, enlargement, and subsequent electri-
cal instability. Concurrently, expansion and dysfunction
of epicardial adipose tissue (EAT) play a critical paracrine
role. Malfunctioning EAT infiltrates the underlying my-

interstitial fibrosis.

Furthermore, diabetes induces electrical remodeling
by altering intracellular calcium handling and downregu-
lating connexin proteins, impairing gap junction conduc-
tion and creating a highly susceptible substrate for AF [4,5].
Semaglutide, a glucagon-like peptide-1 receptor agonist
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(GLP-1RA), represents a cornerstone therapy for T2DM
and obesity, improving glycemic control and promoting
weight loss. In addition to its primary metabolic actions,
semaglutide has demonstrated a spectrum of favorable car-
diovascular effects, including antiarrhythmic effects. First,
by inducing weight loss and improving glycemic control,
semaglutide exerts anti-inflammatory and antioxidant ef-
fects, reducing mechanical and metabolic stressors acting
on the atria and limiting local fibrosis. Additionally, by im-
proving endothelial function and reducing myocardial stiff-
ness, semaglutide helps stabilize the atrial substrate, poten-
tially halting or reversing structural and electrical remod-
eling [6]. Therefore, this meta-analysis aims to systemati-
cally evaluate the incidence of AF in patients treated with
semaglutide compared with placebo, providing a compre-
hensive assessment of its net arrhythmic safety and poten-
tial protective efficacy.

2. Methods
2.1 Data Source and Search Strategy

This meta-analysis was conducted in accordance with
the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) guidelines [7]. The meta-
analysis was registered on the International Prospective
Register of Systematic Reviews (PROSPERO; registration
No. CRD420261393817). A systematic search was con-
ducted across PubMed, Web of Science, Embase, and Clin-
icalTrials.gov from inception to April 2026. The follow-
ing search terms were used: “atrial fibrillation”, “diabetes”,
“obesity”, “heart failure”, and “semaglutide”. Boolean op-
erators “AND” and “OR” were used to broaden the search
criteria. The search strategy and PRISMA checklist are
available in the Supplementary Material.

2.2 Trial Selection and Eligibility Criteria

The Population, Intervention, Comparison, Out-
comes, Study (PICOS) methodology was used for trial se-
lection [8]. We included only randomized controlled trials
(RCTs) that met the following criteria:

a. The study population comprised adults aged >18
years with T2DM, overweight or obesity, heart failure with
preserved ejection fraction, or chronic kidney disease pre-
senting either as isolated conditions or in various combina-
tions of comorbidities. Eligible studies were included irre-
spective of the cardiovascular health status of the partici-
pant at baseline.

b. RCTs comparing semaglutide versus placebo.

c. Pre-specified and eligible post hoc analyses were
included.

d. Trials reporting the following outcome: new-onset
AF events.

The exclusion criteria were as follows:

a. Patients with type 1 diabetes.

b. Studies including interventions other than semaglu-
tide.

c. Observational studies, case reports, reviews, non-
randomized studies, studies with insufficient data for anal-
ysis, and non-human clinical trials.

d. There were no language restrictions, and trials of
any sample size, any follow-up duration, and from any
country were included.

Two independent reviewers (GM and EG) screened
and selected eligible studies. This process involved two
phases: in the first phase, search results were screened
based on the title and abstract; in the second phase, stud-
ies were evaluated by examining the full text and excluding
those with insufficient data or unavailable full text. Dis-
agreements were resolved through discussion and consen-
sus. Using an Excel spreadsheet, the following study char-
acteristics were extracted: first author, year of publication,
trial name, study design, study duration, number of pa-
tients, type of intervention, drug dosage and route of ad-
ministration, age, percentage of male patients, body mass
index (BMI), glycated hemoglobin (HbAlc), and back-
ground therapy with sodium—glucose cotransporter 2 in-
hibitors (SGLT2i).

For the specified outcome, AF incidence was defined
as the number of patients who developed AF rather than
the total number of events to prevent data skewing by re-
current episodes. Across all included trials, new-onset AF
events were identified through adverse event reporting and
routinely confirmed by electrocardiogram.

2.3 Statistical Analysis

For each study included in the meta-analysis, effect
measures and 95% confidence intervals (CIs) were calcu-
lated using the inverse-variance-weighted method. For the
dichotomous outcome, the odds ratio (OR) with 95% CI
was calculated. The findings were used to generate forest
plots. The presence of publication bias was investigated us-
ing funnel plots and Egger’s linear regression test. Hetero-
geneity across studies was assessed using “Tau®”, “Chi”,
and “Higgins and Thompson’s I*””. Heterogeneity was con-
sidered low, moderate, or high if I? was 25%, 50%, or 75%,
respectively [9,10]. Sensitivity analysis using the leave-
one-out method was performed to identify any outliers. A
random-effects model was applied using the DerSimonian—
Laird estimator to synthesize the effect sizes of the studies,
assuming inter-study heterogeneity. Subgroup analysis of
the main outcome was performed to compare semaglutide
versus placebo across specific patient categories, account-
ing for different routes of administration and concomitant
medications. Studies with a single-arm zero event were
managed by applying a standard continuity correction of
0.5 added to all cells. To evaluate the robustness of our
primary findings and minimize methodological bias related
to rare event analysis, we conducted a comprehensive sen-
sitivity analysis using a fixed-effects model. A random-
effects meta-regression model was used to explore potential
sources of heterogeneity for the primary outcome, consider-
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Table 1. Characteristics of the included trials and the recruited patients.

Trials Population Total Semaglutide Placebo Age (years, BMI HbAlc Follow-up Administration route and dosage SGLT2i (%)
patients (n) arm arm mean) (kg/m?) (%) (months)
SUSTAIN 6 2016 [12] T2DM 3297 1648 1649 64.6 32.8 8.7 27.2 Subcutaneous injection (0.5 and 1.0 mg) OW 4.6
PIONEER 6 2019 [13] T2DM 3183 1591 1592 66.0 323 8.2 16 Oral 14 mg OD 9.6
PIONEER 52019 [14] CKD (moderate renal 324 163 161 70.0 324 8.0 6 Oral 14 mg OD N/A
impairment)
STEP 1 2021 [15] Obesity 1961 1306 655 46.0 37.9 5.7 17 Subcutaneous injection (2.4 mg) OW N/A
STEP 2 2021 [16] Overweight/obesity and T2DM 1210 807 403 55.0 35.7 8.1 17.2 Subcutaneous injection (1.0 mg or 2.4 mg) OW 24.8
STEP 4 2021 [17] Overweight/obesity 803 535 268 46.0 38.4 5.7 17 Subcutaneous injection (2.4 mg) OW N/A
STEP 8 2022 [18]* Overweight/obesity 211 126 85 49.0 37.5 5.5 17.2 Subcutaneous injection (2.4 mg) OW N/A
STEP 6 2022 [19] Overweight/obesity with or 401 300 101 51 31.9 6.4 17 Subcutaneous injection (1.7 mg and 2.4 mg) OW 44.4
without T2DM

SELECT 2023 [20] Obesity 17,604 8803 8801 61.6 33.35 5.78 39.8 Subcutaneous injection (2.4 mg) OW N/A
STEP HFpEF 2023 [21] HFpEF 529 263 266 66.6 37.0 N/A 13.2 Subcutaneous injection (2.4 mg) OW 3.6
FLOW 2024 [22] T2DM/CKD 3533 1767 1766 66.6 32.0 7.8 40.8 Subcutaneous injection (1.0 mg) OW 15.6
PIONEER 4 2019 [23]* T2DM 427 285 142 56.0 33.0 8.0 12 Oral 14 mg OD 26
STEP 10 2024 [24] Obesity and prediabetes 202 138 64 53.0 40.1 5.9 12 Subcutaneous injection (2.4 mg) OW N/A
STEP HFpEF DM 2024 [25]  Obesity, HFpEF, and T2DM 616 310 306 69 36.9 6.9 12 Subcutaneous injection (2.4 mg) OW 32.8
PIONEER 11 2024 [26] T2DM 521 390 131 55.0 28.2 8.0 6.5 Oral 3 mg, 7 mg and 14 mg OD 0.03

BMI, body mass index; HbA lc, glycated hemoglobin; SGLT2i, sodium—glucose cotransporter 2 inhibitors; T2DM, type 2 diabetes mellitus; CKD, chronic kidney disease; OW, once weekly; OD, once daily; N/A,
not available; HFpEF, heart failure with preserved ejection fraction.

*The total sample sizes listed for PIONEER 4 and STEP 8 reflect only the semaglutide and placebo cohorts included in this study; active comparator arms (liraglutide) were excluded in accordance with the study
protocol.
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Fig. 1. Study selection flow diagram.

ing covariates such as year of publication of the trial, study
duration, BMI, age, and HbA1c levels. The regression co-
efficients and 95% CI were calculated for each covariate;
bubble plots were generated to visualize the relationship be-
tween the analyzed covariates and the treatment effect size
on AF incidence. Statistical significance was set at p <0.05
(two-tailed). Statistical analysis was performed using Re-
view Manager 5.4 software (Cochrane Collaboration, Lon-
don, UK) and StataSE version 19 (StataCorp LLC, College
Station, TX, USA).

2.4 Certainty of Evidence

The Grading of Recommendations Assessment, De-
velopment and Evaluation (GRADE) method was used
to assess the quality and strength of the evidence [11].

GRADE uses a structured approach to rate the certainty of
the evidence as high, moderate, low, or very low. Accord-
ing to the GRADE method, the quality of evidence is as-
sessed based on several factors, including study design, risk
of bias, inconsistency, indirectness, imprecision, and publi-
cation bias. Two reviewers independently rated the quality
of the evidence for each outcome. The GRADEpro Guide-
line Development Tool (GDT) software version 3.6 (Evi-
dence Prime Inc., Hamilton, ON, Canada) was used to gen-
erate an evidence profile table (Supplementary Material).

3. Results

We identified 2091 articles, of which 1986 were re-
moved as duplicates. In the first screening phase, 105 pa-
pers were examined based on the title and abstract. Of
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Fig. 2. Risk of bias assessment of randomized controlled trials (summary plot).

these, 85 articles were excluded because they did not meet
the inclusion criteria. In the second phase, after full-text
evaluation of the 20 articles eligible for inclusion, three
were excluded for incorrect study design and two for incor-
rect outcomes. At the end of this process, 15 clinical trials
were included in this systematic review and meta-analysis
[12,13,14,15,16,17,18,19,20,21,22,23,24,25,26]. A search
flow diagram illustrating the study selection process is
shown in Fig. 1. Some included studies are post hoc anal-
yses. The total population recruited consisted of 34,822
patients (18,429 in the drug-treated group and 16,393 in
the placebo-treated group). The follow-up duration ranged
from 6 to 40.8 months. The characteristics of the included
trials and the patient populations are presented in Table 1
(Ref. [12,13,14,15,16,17,18,19,20,21,22,23,24,25,26])).

3.1 Risk of Bias and Quality Assessment

The quality of the included studies was assessed using
the Cochrane Risk of Bias tool for randomized controlled
trials [27]. The Cochrane Risk of Bias tool is structured into
seven domains, potential sources of bias, which were exam-
ined by a pair of independent reviewers. The domains iden-
tified and evaluated are listed below and illustrated in Table
2 (Ref. [12,13,14,15,16,17,18,19,20,21,22,23,24,25.26])
and Fig. 2:

- Random sequence generation (selection bias).

- Allocation concealment (selection bias).

- Blinding of participants and personnel (performance
bias).

- Blinding of outcome assessment (detection bias).

- Incomplete outcome data (attrition bias).

- Selective reporting (reporting bias).

- Other bias.

To mitigate the risk of reporting bias and ensure
methodological transparency, the review was conducted in
strict adherence to the PRISMA 2020 guidelines. To min-
imize subjectivity, each stage of data selection and extrac-
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tion was performed in a double-anonymized manner by two
independent reviewers. Both reviewers evaluated the risk
of bias, lack of reproducibility of results, lack of general-
izability, and degree of imprecision as non-significant and
not important. Sensitivity analyses were performed to as-
sess the robustness of the results (leave-one-out). Statisti-
cal tests for publication bias (Egger’s test) and funnel plots
assessing potential publication bias revealed no significant
asymmetries (Fig. 3). Specifically, the Egger’s test pro-
vided no evidence of publication bias for our outcome (p =
0.24). Furthermore, although the funnel plot and Egger’s
test showed no significant asymmetry, the interpretation of
these analyses warrants caution. Testing for publication
bias has limited statistical power when fewer than 20 stud-
ies are pooled and when evaluating rare event outcomes,
making visual and statistical evaluations less reliable in this
specific clinical setting.

- SE(0G[OR]) .
Q
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! 0]
o)
0571 o
0
W ;
(¢} 0
o
15 o :
[eXeYe} o o
2 1 I 1 1 1 OR
0.005 0.1 1 10 200

Fig. 3. Funnel plots assessing publication bias. y-axis repre-
sents study precision (standard error), while the x-axis shows the
odds ratio.
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Table 2. Risk of bias assessment of randomized controlled trials (traffic light plot).

D1 D2

D3 D4 D5 D6 Other bias

SUSTAIN 62016 [12]
PIONEER 6 2019 [13]
PIONEER 5 2019 [14]
STEP 12021 [15]

STEP 2 2021 [16]

STEP 42021 [17]

STEP 6 2022 [19]

STEP 8 2022 [18]

SELECT 2023 [20]

STEP HFpEF 2023 [21]
FLOW 2024 [22]

PIONEER 4 2019 [23]
STEP 10 2024 [24]

STEP HFpEF DM 2024 [25]

PIONEER 11 2024 [26]

0000000000006 O
0000000000 OOOOO
000000000000 OOO
0000000000 OOOOO
000000000 OOOOO
000000000000 OOO
CAOCROCROROXONORORORORORORORONO

D1: random sequence generation (selection bias).

D2: allocation concealment (selection bias).

D3: blinding of participants and personnel (performance bias).

D4: blinding of outcome assessment (detection bias).

D5: incomplete outcome data (attrition bias).
D6: selective reporting (reporting bias).
Other bias.

All included trials were found to have a low risk of
bias, and the selected evidence was of moderate quality.

3.2 Primary Outcome
AF Incidence

A total of 237 events were reported in the semaglu-
tide treatment arm and 269 in the placebo arm. The overall
pooled analysis demonstrated that semaglutide did not sig-
nificantly reduce the risk of new-onset AF compared with
placebo (OR 0.86; 95% CI: 0.72-1.03; p = 0.10). There
was no evidence of statistical heterogeneity among the in-
cluded studies (I = 0%; Fig. 4). Subgroup analysis strati-
fied by administration frequency and route revealed no sta-
tistically significant differences in the risk of new-onset AF
between semaglutide and placebo. For oral once-daily ad-
ministration, the pooled OR was 0.53 (95% CI: 0.23—-1.24;
p=0.14), encompassing nine events across 2429 patients in
the semaglutide arm and 15 events across 2025 patients in
the placebo arm. Similarly, for subcutaneous once-weekly
administration, semaglutide did not significantly reduce the
odds of the outcome compared with placebo (OR 0.88; 95%

CI: 0.73-1.06; p = 0.17). Crucially, the test for subgroup
differences demonstrated no statistically significant inter-
action effect between the two administration regimens (p
=0.25; I> = 23.2%), indicating that the clinical impact of
semaglutide on AF incidence did not vary by route of ad-
ministration. Overall heterogeneity was negligible, with
I> = 0% for both cohorts (Fig. 5a). When stratifying the
included trials by patient population, studies focusing on
T2DM showed an OR of 0.96 (95% CI: 0.73-1.27; p =
0.77), suggesting a non-significant reduction in AF inci-
dence with semaglutide. Similarly, trials investigating pa-
tients with overweight or obesity reported a non-significant
trend toward a lower incidence of AF, with an OR of 0.80
(95% CI: 0.63-1.01; p = 0.06). Overall, no significant dif-
ference was observed across the entire pooled population
(OR 0.86; 95% CI: 0.72—-1.03; p = 0.10). The test for sub-
group differences confirmed no significant interaction be-
tween the two cohorts (p = 0.32), and heterogeneity was I
= 0% (Fig. 5b). To evaluate whether the effect of semaglu-
tide on AF incidence varied based on background SGLT2i
therapy, a further subgroup analysis was performed. The
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Semaglutide Placebo Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight IV, Random, 95% CI Year IV, Random, 95% ClI
SUSTAIN 6 2016 50 1648 58 1649 21.3% 0.86 [0.58, 1.26] 2016 = i
PIONEER 6 2019 6 1591 14 1591 3.4% 0.43[0.16, 1.11] 2019
PIONEER 5 2019 1 163 1 161 0.4% 0.99 [0.06, 15.93] 2019
PIONEER 4 2019 1 285 0 142 0.3% 1.50[0.06, 37.12] 2019
STEP 1 2021 2 1306 1 655 0.5% 1.00[0.09, 11.08] 2021 - 1
STEP 2 2021 4 805 2 402 1.1% 1.00[0.18, 5.48] 2021 R
STEP 4 2021 1 535 2 268 0.5% 0.25[0.02, 2.76] 2021 —
STEP 8 2022 0 126 1 85 0.3% 0.22[0.01, 5.53] 2022
STEP 6 2022 0 299 1 101 0.3% 0.11[0.00, 2.77] 2022
SELECT 2023 127 8803 152 8801 55.8% 0.83[0.66, 1.06] 2023 |
STEP HFpEF 2023 0 263 3 266 0.4% 0.14 [0.01, 2.78] 2023
FLOW 2024 31 1767 22 1766 10.4% 1.421[0.82,2.45] 2024 A
STEP 10 2024 0 138 1 69 0.3% 0.16 [0.01, 4.10] 2024
STEP HFpEF DM 2024 13 310 11 306 4.7% 1.17[0.52, 2.66] 2024 N
PIONEER 11 2024 1 390 0 131 0.3% 1.01[0.04, 25.01] 2024
Total (95% ClI) 18429 16393 100.0% 0.86 [0.72, 1.03] ¢
Total events 237 269

i D = s 2 = - - L2 = + + t t
Heterogeneity: Tau? = 0.00; Chi? = 11.68, df = 14 (P = 0.63); I = 0% 0,005 01 1 10 200

Test for overall effect: Z=1.66 (P = 0.10)

Semaglutide Placebo

Fig. 4. Forest plot showing the pooled effect of semaglutide vs. placebo on atrial fibrillation risk.

analysis demonstrated no significant difference in the in-
cidence of AF between patients receiving semaglutide and
those receiving placebo, regardless of SGLT2i treatment.
Among patients treated with SGLT21i, semaglutide did not
significantly reduce the risk of AF compared with placebo
(OR 0.93; 95% CI: 0.68-1.26; p = 0.62). Consistently, in
the subgroup of patients not receiving an SGLT?2i, the risk
remained comparable between the two arms (OR 0.81; 95%
CI: 0.64-1.03; p = 0.08). Importantly, the test for subgroup
differences confirmed that the treatment effect was consis-
tent across both groups, showing no significant interaction
between semaglutide and SGLT2i therapy (p =0.51). Over-
all heterogeneity was I = 0%, indicating low heterogene-
ity (Fig. 5c¢). Furthermore, to evaluate the robustness of
our primary findings under different statistical assumptions
and metrics, we performed an additional sensitivity analy-
sis using a fixed-effect model. This supplementary analysis
yielded results highly consistent with our primary random-
effects OR model, confirming that the choice of effect mea-
sure or model selection did not alter the statistical signifi-
cance or the overall clinical conclusions of our study.

3.3 Meta Regression

To investigate potential sources of heterogeneity and
evaluate the impact of moderators on the incidence of AF,
random-effects meta-regression analyses were conducted
with treatment duration (months), publication year, mean
participant age, BMI, and HbA ¢ levels as covariates. The
treatment effect was not significantly moderated by base-
line clinical characteristics, including patient age (coeffi-
cient: 0.039; 95% CI: -0.016 t0 0.089; p =0.164), BMI (co-
efficient: —0.067; 95% CI: —0.209 to 0.076; p = 0.361), or
HbAlc levels (coefficient: 0.047; 95% CI: —0.17 to 0.265;
p =0.670). Similarly, no significant associations were ob-
served with trial-specific factors, including publication year
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(coefficient: 0.031; 95% CI: —0.047 to 0.109; p = 0.438)
and follow-up duration in months (coefficient: 0.012; 95%
CI: —0.011 to 0.036; p = 0.304). Residual heterogeneity
remained very low across all models (I = 0% for publica-
tion year and BMI; 12 = 10.42% for age; 1> = 11.24% for
HbAlc; I? = 11.77% for follow-up duration). This lack of
significant residual variance was further confirmed by the
test for residual homogeneity, which was consistently non-
significant across all evaluated covariates, indicating that
no unexplained heterogeneity remained. The high R? val-
ues for age (99.45%) and BMI (99.12%) represent statisti-
cal artifacts due to the negligible baseline heterogeneity to
be explained rather than a true moderating effect, consistent
with the non-significant interaction p-value (Fig. 6). Meta-
regression analysis was pre-specified to explore the poten-
tial impact of relevant clinical covariates on the primary
outcome but was performed in the setting of zero statisti-
cal heterogeneity. Consequently, these findings are signif-
icantly underpowered, strictly exploratory, and should not
be used to draw definitive conclusions regarding the effect
of covariates.

3.4 Sensitivity Analysis

A leave-one-out sensitivity analysis was conducted to
identify outliers. The analysis showed that the overall effect
size was driven by the FLOW trial [22]. Notably, when
the FLOW trial was omitted from the meta-analysis, the
pooled treatment effect of semaglutide on the incidence of
AF shifted from non-significant to statistically significant.
The resulting pooled analysis revealed a significant reduc-
tion in AF incidence with semaglutide therapy compared
with placebo (OR 0.81; CI: 0.67-0.98; p = 0.03). The re-
maining trials exhibited complete homogeneity (I> = 0%;
Fig. 7).
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Semaglutide Placebo Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight IV, Random, 95% CI 1V, Random, 95% CI
1.2.1 Once Day

a PIONEER 11 2024 1 390 0 131 0.3% 1.01[0.04, 25.01]
PIONEER 4 2019 1 285 0 142 0.3% 1.50 [0.06, 37.12]
PIONEER 5 2018 | 163 1 161 0.4% 0.99 [0.08, 15.93]
PIONEER 6 2019 6 1591 14 1591 3.4% 0.43[0.16, 1.11] ]
Subtotal (95% Cl) 2429 2025 4.4% 0.53 [0.23, 1.24] -
Total events ] 15
Heterogeneity: Tau? = 0.00; Chi? = 0.95, df = 3 (P = 0.81); I = 0%
Test for overall effect: Z = 1.46 (P = 0.14)
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Fig. 5. Subgroup analysis. (a) Forest plot of a subgroup analysis comparing different semaglutide administration regimens vs
and the risk of atrial fibrillation. (b) Forest plot of a subgroup analysis assessing the risk of atrial fibrillation with semaglutide vs

. placebo
. placebo

based on patient baseline clinical status. (c) Forest plot of subgroup analysis evaluating the risk of atrial fibrillation with semaglutide vs.

placebo according to concomitant SGLT2i use.
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Fig. 7. Sensitivity analysis forest plot excluding the FLOW trial from the meta-analysis.
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4. Discussion

The findings of this comprehensive meta-analysis in-
dicate that the use of semaglutide is not associated with
a significant reduction in the incidence of AF compared
with placebo. Our overall analysis demonstrated a neu-
tral effect on arrhythmic risk. Notably, statistical hetero-
geneity across the included trials was negligible (I = 0%),
underscoring the remarkable consistency and robustness of
these results across the evaluated clinical trials. Interest-
ingly, our primary neutral findings contrast with some re-
cent meta-analyses that reported a statistically significant
reduction in incident AF in cohorts treated with semaglu-
tide [28,29]. This apparent discrepancy is influenced by
the inclusion of newly published data in our model and
by a critical methodological divergence. Specifically, our
model restricts its scope to placebo-controlled trials to iso-
late the absolute electrophysiological effects of semaglu-
tide, thereby excluding other active comparators. When ex-
amining the architecture of our meta-analysis, the statistical
power and overall pooled estimate are driven by two land-
mark trials: the SELECT trial [20] and the SUSTAIN 6 trial
[12]. Together, these two studies contribute to more than
three-quarters of the total analytical weight (77.1%).

To further assess variation in AF incidence, we per-
formed several key subgroup analyses. First, stratifying
the data by the frequency and modality of drug administra-
tion revealed no significant differences. Second, we eval-
uated the baseline metabolic phenotype of the target pop-
ulations, separating patients with T2DM from those who
were overweight or obese. In the T2DM subgroup, the drug
exhibited a neutral effect; interestingly, in overweight or
obese patients, a distinct trend toward a lower incidence
of AF was observed, approaching statistical significance.
Obesity is a well-known independent driver of atrial re-
modeling through mechanical, inflammatory, and neuro-
hormonal pathways. Excess adiposity promotes the ex-
pansion of EAT, which locally secretes proinflammatory
adipokines that promote focal atrial fibrosis, electrical het-
erogeneity, and structural alterations. Furthermore, obe-
sity leads to diastolic dysfunction, increased left atrial pres-
sure, and atrial stretch [2,3,4,5]. The protective trend ob-
served with semaglutide in this group may be explained
by its direct and indirect anti-arrhythmogenic mechanisms
[6]. Semaglutide has been shown to reduce epicardial
adipose tissue and attenuate its proinflammatory secretory
profile, thereby improving endothelial function, lowering
systemic oxidative stress, and protecting against calcium-
handling abnormalities [30,31]. The fact that this protec-
tion was more pronounced in the non-diabetic cohort sug-
gests that in the absence of advanced glucotoxicity and dia-
betic microvascular damage, the benefits of semaglutide are
more effective [32]. The exact biological pathways through
which semaglutide might influence AF risk remain to be
fully elucidated, and current hypotheses are largely derived
from preclinical data. However, because direct mechanistic

10

evidence linking GLP-1 receptor agonists to AF prevention
in humans is limited, these underlying mechanisms remain
strictly exploratory and require validation in targeted trans-
lational studies.

Recent data on the dual Glucose-dependent In-
sulinotropic  Peptide (GIP)/GLP-1 receptor agonist
tirzepatide underscore the benefits of potent metabolic
modulation.  Specifically, these therapies significantly
reduce left ventricular mass and EAT volume, thereby mit-
igating localized inflammation and myocardial wall stress.
Crucially, from an electrophysiological standpoint, these
agents display a reassuring safety profile. Clinical findings
demonstrate no signals of arrhythmogenicity or increased
risk of AF. This confirms that the intensive metabolic
advantages of incretin-based therapies do not carry unfa-
vorable arrhythmic trade-offs [33]. Furthermore, recent
meta-analytic evidence shows that peri- or post-procedural
GLP-1 receptor agonist therapy significantly reduces AF
recurrence after catheter ablation. This antiarrhythmic
benefit is driven by favorable structural and metabolic
remodeling, notably through reduced EAT volume and
localized inflammation. Consequently, these agents lower
atrial stretch and enhance electrical stability, acting as
effective upstream adjuncts to support rhythm maintenance
[34,35]. Third, we explored the impact of concomitant
SGLT2i use. Semaglutide demonstrated a neutral effect
on AF incidence in both groups. Finally, our sensitivity
analysis yielded a critical and nuanced insight into the
data. The sequential exclusion of individual trials revealed
that the primary analysis was sensitive to the inclusion
of the FLOW trial [22]. Upon removal of this trial, the
pooled analysis demonstrated a statistically significant
reduction in the incidence of AF compared to placebo. The
FLOW trial evaluated patients with T2DM and advanced
chronic kidney disease (CKD). These patients exhibit
severe underlying cardiac structural remodeling, distinct
electrolyte fluctuations, and uremic toxin retention that
elevate baseline arrhythmogenic susceptibility, potentially
confounding the protective cardiovascular pathways of
semaglutide seen in broader populations such as the
SELECT cohort [20]. This sensitivity analysis underscores
that while the drug is globally neutral, semaglutide might
exert an intrinsic protective effect against AF in popu-
lations who have not yet transitioned to advanced organ
damage.

Limitations

This meta-analysis has some limitations. First, AF
was not the primary endpoint in the included trials; this
may have led to underreporting or underdetection of asymp-
tomatic or paroxysmal AF episodes across the trial cohorts.
However, because AF events across all cohorts were con-
sistently captured as adverse events documented by electro-
cardiogram, the risk of significant bias from heterogeneous
ascertainment methods is minimized. Second, the duration
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of follow-up varied across the included trials, which might
influence the temporal window required to observe rhyth-
mic outcomes.

5. Conclusion

Semaglutide exhibits a robust cardiovascular safety
profile, with no significant change in the incidence of AF
compared with placebo. Although a leave-one-out sensi-
tivity analysis excluding the FLOW trial suggested a pos-
sible 19% risk reduction, this secondary analysis remains
exploratory. Consequently, while semaglutide may confer
a protective cardiovascular effect against AF, this post hoc
finding should not be overinterpreted and warrants valida-
tion in subsequent targeted clinical trials.
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