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BACKGROUND Sodium-glucose cotransporter 2 inhibitors
(SGLT2i) exhibit potential antiarrhythmic effects, but their influ-
ence on atrial fibrillation (AF) recurrence after catheter ablation
(CA) remains unclear.

OBJECTIVE This study aimed to assess the association between
SGLT2i therapy and the risk of recurrent AF after CA through an up-
dated systematic review and meta-analysis of observational studies.

METHODS A systematic search of PubMed and Scopus (inception
to July 2025) identified eligible observational studies. Pooled haz-
ard ratios for AF recurrence after CA were estimated using Mantel-
Haenszel random-effects models, with heterogeneity assessed by
T2. The protocol was registered in PROSPERO (CRD42024620765).

RESULTS 6 observational studies were included, comprising 2165
patients (mean age 65.2 years; 34.9% female), of whom 663
received SGLT2i therapy and 1502 did not. The average follow-up
duration was 19.9 months. Pooled analysis showed a significantly
reduced risk of AF recurrence in patients treated with SGLT2i
compared with those not receiving SGLT2i (hazard ratio 0.49;

95% confidence interval 0.36-0.67; P < .0001; I> = 68.3%). Sub-
group analyses confirmed consistent benefits in both diabetic and
nondiabetic patients and with the use of radiofrequency or cryoa-
blation. A multivariable meta-regression model including age, fe-
male sex, diabetes mellitus, and follow-up duration accounted
for a significant portion of the observed heterogeneity (R? =
58.1%; P = .01).

CONCLUSION SGLT2i therapy is associated with a significantly
lower risk of AF recurrence after CA, independent of diabetic status.
Further randomized controlled trials are warranted to validate
these findings and explore the mechanisms underlying this associ-
ation.
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Introduction

Catheter ablation (CA) has become a cornerstone therapy for
rhythm control in patients with symptomatic or recurrent
atrial fibrillation (AF), demonstrating clear superiority over
antiarrhythmic drugs in maintaining sinus rhythm and
improving cardiovascular outcomes. ' However, AF
recurrence remains a significant clinical challenge,
occurring in approximately 20% to 50% of patients after
CA, after 5 years.”’ These recurrences often require
further interventions, including repeat ablation procedures,
reinitiation of  antiarrhythmic  drug therapy, or

cardioversion, all of which entail additional risks, health
care costs, and a negative impact on patients’ quality of life.*

Over the last decade, growing evidence has suggested a
potential antiarrhythmic effect of sodium—glucose cotrans-
porter 2 inhibitors (SGLT2i),”'"" beyond their established
role in glycemic control and cardiovascular protection.'’
Emerging data suggest that SGLT2i may also lower the inci-
dence of AF or atrial flutter by approximately 20% in pa-
tients with type 2 diabetes mellitus (DM).'>"
Furthermore, preliminary observational studies have re-
ported a reduced risk of AF recurrence after CA in patients
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m Treatment with sodium-glucose cotransporter 2 in-
hibitors (SGLT2i) was associated with a substantially
lower risk of atrial fibrillation recurrence after catheter
ablation, corresponding to an approximate 51% rela-
tive risk reduction compared with patients not
receiving SGLT2i therapy.

m The observed benefit remained consistent across
multiple sensitivity analyses and was evident in both
diabetic and nondiabetic populations, as well as across
different ablation modalities (radiofrequency and
cryoballoon), suggesting that the antiarrhythmic ef-
fect of SGLT2i may be independent of glycemic control
or procedural technique.

m Meta-regression analyses identified age, female sex,
and diabetes as significant predictors of atrial fibril-
lation recurrence, whereas longer follow-up durations
were inversely associated with recurrence risk,
collectively accounting for more than half of the
observed heterogeneity across studies.

treated with SGLT2i compared with those not treated, partic-
ularly among those with diabetes.'>'* However, these find-
ings are largely based on single-center, retrospective
studies with inherent limitations, including small sample
sizes, lack of randomization, and limited statistical power.

To strengthen and expand upon these preliminary obser-
vations, we conducted an updated systematic review and
meta-analysis based on observational studies, aimed at syn-
thesizing the available evidence on the effect of SGLT2i
therapy, compared with no SGLT2i use, on the risk of AF
recurrence after CA. By incorporating data from both dia-
betic and nondiabetic populations, this analysis seeks to
clarify the potential role of SGLT2i in secondary AF preven-
tion and to inform future clinical decision making.

Methods

This meta-analysis was conducted and reported following
the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses guidelines (Supplemental Table 1).'” The
prespecified study protocol was registered in PROSPERO
(CRD42024620765).

Search strategy

We conducted a systematic search of PubMed/MEDLINE
and Scopus from inception to July 1, 2025, without lan-
guage restrictions, using predefined Medical Subject Head-
ings terms and keywords. The following search terms were
used: “Sodium-Glucose Cotransporter-2 Inhibitor” OR
“SGLT2i” AND “Atrial Fibrillation” OR “AF’ AND
“Catheter Ablation.” The full electronic search strategy is
presented in Supplemental Table 2. In addition, we manu-
ally screened the reference lists of all included studies

and relevant reviews to identify any additional eligible pub-
lications. Studies were included if they were (1) prospective
or retrospective investigations; (2) enrolling patients who
underwent CA for AF, comparing those treated with
SGLT?2i with those not receiving SGLT2i therapy; and (3)
reporting adjusted hazard ratios (HRs) with corresponding
95% confidence intervals (Cls) for the risk of AF recur-
rence. In particular, AF recurrence was defined as any
episode of AF lasting more than 30 seconds, occurring after
a 3-month postablation blanking period and in the absence
of ADD therapy. In contrast, exclusion criteria were (1)
studies comparing SGLT2i with other antidiabetic medica-
tions rather than with no SGLT?2i use, (2) studies not report-
ing HRs with corresponding 95% CIs for AF recurrence
risk, and (3) case reports, review articles, editorials, letters,
conference abstracts, or case series with fewer than 15 par-
ticipants.

Data extraction and quality assessment

Study selection was independently performed by 2 authors
(L.C. and F.V.) in a blinded manner. Any discrepancies
regarding study inclusion were resolved through discussion
with a third reviewer (M.B.). Data extraction was likewise
conducted independently by 2 authors (M.Z. and M.B.),
and disagreements were resolved by consensus. The
following information was extracted from each eligible
study, when available: publication year, study design, num-
ber of participants, mean or median age, sex distribution, car-
diovascular comorbidities (including hypertension, DM,
stroke, and coronary artery disease), left ventricular ejection
fraction, type of AF (ie, paroxysmal or persistent), type of
CA performed, and duration of follow-up. The quality of
observational studies was assessed using the Newcastle—
Ottawa scale (NOS), which evaluates studies based on 3 do-
mains: selection of study groups (0—4 points), comparability
of cohorts (0-2 points), and outcome assessment (0-3
points), for a maximum total score of 9 points. Studies
with an NOS score of >6 were considered to be of moderate
to high quality.'®

Study outcomes

The primary outcome of this study was the risk of AF recur-
rence after CA in patients treated with SGLT2i compared
with those not receiving SGLT2i therapy. Secondary out-
comes included subgroup analyses evaluating the risk of
AF recurrence in diabetic and nondiabetic patients separately
and according to the CA modality (radiofrequency vs cryoa-
blation) consistently comparing those treated with SGLT2i
with those not receiving such therapy.

Data synthesis and analysis

Continuous variables were reported as means, whereas cat-
egorical variables were expressed as absolute numbers and
corresponding percentages. Risk estimates for recurrent AF
after CA were pooled using the Mantel-Haenszel random-
effects model, with HRs and 95% Cls as the effect
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Figure 1

measures. When available, HRs derived from propensity
score—matched cohorts were preferentially used over those
from unmatched analyses to reduce confounding. Between-
study heterogeneity was assessed using the Higgins and
Thompson I? statistic, with values interpreted as follows:
low (<25%), moderate (25%—75%), and high heterogene-
ity (>75%). The DerSimonian and Laird method was
used to estimate the between-study variance (tau”). Poten-
tial publication bias was evaluated through visual inspec-
tion of funnel plots. However, given the small number of
included studies (<10), formal tests for small-study effects
were not performed, given that the analysis was underpow-
ered to reliably detect such bias. To confirm the robustness
of our findings, we conducted several dedicated subgroup
and sensitivity analyses. A leave-one-out sensitivity anal-
ysis was performed by sequentially removing each study
to assess its influence on the overall effect estimate. To
further explore the impact of potential baseline con-
founders, univariate and multivariable meta-regression an-
alyses were also conducted. All statistical analyses were
performed using Comprehensive Meta-Analysis software,
version 3 (Biostat).

Results

Search results and included studies

A total of 58 articles were obtained using our search strategy.
After excluding duplicates and preliminary screening, 36 full-
text articles were screened. Among them, 16 studies were
excluded because they did not report the outcome of interest
and 8 for not meeting the inclusion criteria, leaving 6 investi-
gations fulfilling the inclusion criteria (Figure 1).'*'""%!

Duplicate records removed (n = 22)

Records excluded:
(n=24)
No outcomes of interest (n = 16)
Review (n=6)
Case series (n=2)
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PRISMA flowchart. PRISMA = Preferred Reporting Items for Systematic Reviews and Meta-Analyses.

Characteristics of the population and quality
assessment

Among the 6 studies included in this meta-analysis, only 1
had a prospective design.'” The baseline characteristics of
the included studies are presented in Table 1. A total of
2165 patients (mean age 65.2 years; 34.9% female) were
included in the pooled analysis. Of these, 663 received
SGLT?2i therapy, whereas 1502 did not. Although comor-
bidities were not systematically reported across all studies,
the populations largely consisted of middle-aged patients,
with hypertension and type 2 DM being the most observed
associated conditions. The average left ventricular ejection
fraction was 55.3%. 4 studies used radiofrequency CA as
the ablation strategy,''®'”*' whereas the remaining 2
used cryoballoon ablation.'’” The mean follow-up dura-
tion after the index ablation procedure was 19.9 months. Ac-
cording to the NOS, all included studies were assessed as
having moderate to high methodological quality
(Supplemental Table 3).

Risk of recurrent AF

During the follow-up period, 710 patients (23.5%) experi-
enced recurrent AF, including 138 (20.8%) in the SGLT2i
group and 572 (38.0%) in the non-SGLT2i group. Pooled
analysis of adjusted HRs for recurrent AF after CA
(Supplemental Tables 4 and 5) showed that patients treated
with SGLT2i had a significantly lower risk of recurrence
than those not receiving SGLT2i therapy (HR 0.49; 95%
CI10.36-0.67; P < .0001; I> = 68.3%) (Figure 2). Visual in-
spection of the funnel plot suggested possible asymmetry,
likely owing to the limited number of included studies and
the absence of smaller studies at the base of the plot triangle
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Study name Statistics for each study Weight (Random) _Hazard ratio and 95% CI
Hazard Lower Upper Relative
ratio limit limit 2-Value p-Value weight
Cetinetal2025 0545 0260 0874 -2519 0,012 16,51 -
Luo et al. 2024 0610 0382 0975 -2,068 0,039 16,61
Zhaoetal. 2023 0,630 0440 0901 -2531 0,011 19,75 L 5
Noh et al. 2024 0,140 0,006 0460 -3,239 0,001 5,40
Hagkor etal. 2025 0,310 0,219 0459 -5855 0,000 18,75 k3
Qietal. 2024 0650 0289 0,830 -3454 0,001 22,99 ||
Random Effect: 0,497 0,365 0678 -4,427 0,000 <&
Q-value: 15.8 0,01 01 1 10 100
Tau?: 0.09
12: 68.3%, p=0.007
Figure 2  Forrest plot investigating the risk of recurrent atrial fibrillation who underwent catheter ablation and were treated with or without sodium—glucose

cotransporter 2 inhibitors. CI = confidence interval.

benefits of SGLT?24i, including reductions in heart failure hos-
pitalization and cardiovascular mortality.”>** Our subgroup
analysis showed consistent benefits in both diabetic and
nondiabetic populations, suggesting that the antiarrhythmic
effect of SGLT2i may be independent of glycemic control.
This hypothesis is biologically plausible, given that
SGLT?2i have been shown to modulate several mechanisms
implicated in AF pathophysiology, including improvement
in ventricular loading conditions,” attenuation of atrial
fibrosis,”®** reduction in systemic inflammation,””*" and
favorable effects on autonomic tone and myocardial ener-
getics.”!

Our findings were also consistent when accounting for
study-level characteristics. Meta-regression analyses identi-
fied age, female sex, and DM as significant positive moder-
ators of AF recurrence risk, as previously described.’”
Age is a well-established risk factor for both the develop-
ment and recurrence of AF. In fact, aging promotes structural
and electrical remodeling of the atria, including increased
interstitial fibrosis, cellular apoptosis, and impaired gap
junction function, all of which contribute to a substrate that

A Diabetes mellitus type I

promotes AF persistence and reduces the success of CA.”’
Similarly, female sex has been independently associated
with a higher risk of AF recurrence after CA.*® Potential ex-
planations include sex-related differences in atrial size, hor-
monal influences on ion channel expression, and autonomic
regulation.”” Moreover, a greater distribution of periatrial fat
in women may contribute to a more arrhythmogenic sub-
strate.*® In addition, women are often referred for ablation
later in the disease course, which may result in more
advanced atrial remodeling at the time of the procedure.”’
Finally, DM promotes a proarrhythmic atrial substrate
through mechanisms such as chronic systemic inflammation,
oxidative stress, insulin resistance, and myocardial
fibrosis."” These changes not only increase the susceptibility
to AF but also reduce the likelihood of long-term mainte-
nance of sinus rhythm after ablation.

Conversely, in the multivariate meta-regression analysis,
follow-up duration was inversely associated with the risk of
recurrent AF, suggesting that longer follow-up periods may
dilute the observed effect of SGLT2i on AF recurrence. This
could reflect a progressive attenuation of treatment benefit

Hazard ratio and 95% ClI
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ratio limit limit  Z-Value p-Value weight
Zhao etal. 2023 0,630 0,440 0,901 -2,531 0,011 41,03 .
Noh et al. 2024 0,140 0,006 0,460 -3,239 0,001 11,19 ’
Qi et al. 2024 0,650 0,509 0,830 -3,454 0,001 47,78
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Figure 3

Forest plot illustrating the risk of recurrent atrial fibrillation in patients who underwent catheter ablation, comparing those treated with vs without

sodium—glucose cotransporter 2 inhibitors, stratified by diabetic status. CI = confidence interval.
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Study name ics for each study Weight (Ra Hazard ratio and 95% Cl
Hazard Lower Upper Relative
ratio limit  limit 2Z-Value p-Value weight
Luoetal. 2024 0610 0,382 0975 -2,068 0,039 23,71
Zhaoetal 2023 0630 0440 0901 -2531 0,011 30,78 =
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Random Effect: 0402 0234 0692 -3289 0,001 <@
Q-value: 3.1
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Figure 4  Forest plot illustrating the risk of recurrent atrial fibrillation in patients who underwent catheter ablation, comparing those treated with vs without

sodium—glucose cotransporter 2 inhibitors, stratified by type of cardiac ablation. CI = confidence interval; RFCA = radiofrequency cardiac ablation.

over time; the influence of competing risk factors, such as ag-
ing and/or structural remodeling of the heart; and increased
AF recurrence in both groups owing to the natural history
of the disease.” Alternatively, shorter follow-up studies
may overestimate treatment effects owing to early suppres-
sion of arrhythmia recurrence, often influenced by proce-
dural success and early antiarrthythmic effects. The
multivariable model incorporating these covariates ex-
plained more than half of the observed heterogeneity, sug-
gesting that baseline population characteristics may have
substantially influenced treatment effect estimates in the
revised observational studies.

This meta-analysis offers several important advance-
ments over previous investigations. First, it represents the
most up-to-date synthesis of available evidence and is the

Table 2 Univariate and multivariate meta-regression analyses
for the risk of recurrent atrial fibrillation after catheter ablation in
patients treated or not with sodium-glucose cotransporter 2
inhibitors

first to include both diabetic and nondiabetic patients under-
going CA for AF. In contrast, earlier meta-analyses were
limited to diabetic populations or included comparator
groups who received a mix of treatments, including other
antidiabetic agents, potentially introducing confounding
and biasing the results.”**” In contrast, by focusing exclu-
sively on studies comparing SGLT2i users with untreated
controls (ie, no SGLT2i use), we ensured a cleaner and
more clinically relevant comparison. Moreover, we only
included studies reporting adjusted HRs, thereby accounting
for baseline imbalances in key confounding variables.***
This approach is methodologically superior to pooling unad-
justed event rates or crude risk estimates, which fail to ac-
count for differences in patient characteristics and may
lead to misleading conclusions, particularly in observational
research. In addition, compared with previous meta-ana-
lyses,”® we also performed a multivariable meta-
regression, which allowed us to explore the contribution of
study-level covariates to the observed heterogeneity.
Together, these methodological refinements enhance the
robustness and clinical relevance of our findings, providing

. . o 2
Moderator Coefficient 95% (1 Pvalue R more reliable evidence on the potential role of SGLT2i in
Univariable analysis reducing AF recurrence after CA.
Age (y) . 0.015  0.005-0.026 003 0.12 Nonetheless, this meta-analysis provides updates and
Women (%) 0.031  0.019-0.041 01 0218 clinically relevant insights, extending and supporting previ-
HTN (%) 0.003 —0.0174 to 0.024 .73 0 - . . . . .
DM (%) 0.007  0.002-0.013 008 0.142 ous preliminary evidence on their antiarrthythmic potential.
LVEF (%) 0.002  —0.027 t0 0.033 .19 0 Given the clinical burden of AF recurrence, the favorable
FW length (mo) —0.042  —0.062 to .01 0.148 safety profile of SGLT2i, and their growing use in both dia-
o . —0.028 betic and nondiabetic cardiovascular patients, our findings
Multivariate analysis : ot - :
Age (y) 0.011  0.009-0.019 01 0.581 support further investigation of SGLT2i in randomized
Fgmalyes (%) 0026  0.018-0.0.42 03 ) controlled trials specifically designed to assess AF-related
DM (%) 0.006  0.002-0.013 .02 outcomes.
FW length (mo) —0.038 —0.489 to .03
—0.284

CI = confidence interval; DM = diabetes mellitus type II; FW = follow-
up; HTN = hypertension; LVEF = left ventricular ejection fraction.

Limitations
This study has several limitations, primarily stemming from
the observational nature of the included studies, with their
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inherent risk of bias and confounding. Moreover, owing to
limited data, we were unable to evaluate the potential differ-
ential effects of specific SGLT2i. The overall number of
eligible studies was small, which precluded a formal assess-
ment of small-study effects and publication bias. Heteroge-
neity also represents a significant limitation. Although
moderate to high heterogeneity is common in meta-
analyses based on observational data, particularly in condi-
tions like AF, which is influenced by multiple clinical and
procedural factors, our meta-regression analysis accounted
for approximately 50% of the observed heterogeneity.
Importantly, various sensitivity analyses consistently
confirmed the robustness of our findings. Nonetheless, we
cannot exclude the possibility that unmeasured confounders
may have influenced the results. In addition, another key lim-
itation of our study is that it is based solely on observational
data, and therefore, the results should be interpreted as
hypothesis-generating rather than definitive evidence.
Finally, baseline comorbidities and procedural characteris-
tics were not uniformly reported across studies, which may
have introduced residual confounding.

Conclusion

SGLT2i therapy was associated with a significantly reduced
risk of AF recurrence after CA, regardless of diabetic status.
Adequately powered randomized controlled trials with more
diverse populations and longer follow-up durations are
needed to confirm the potential role of SGLT2i as a preven-
tive strategy for postablation AF recurrence.
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