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Abstract

Background and  Atrial fibrillation (AF) disease burden is increasing. Pharmacotherapy of cardio-renal-metabolic diseases may
Aims prevent incident AF. This meta-analysis estimates the effect of different pharmacotherapies on risk of incident
AF across cardio-renal-metabolic diseases.

Methods The Medline, Embase, and Cochrane Central databases were searched to 7 October 2025 for randomized clinical
trials (RCTs) comparing the effect of a non-antiarrhythmic cardio-renal-metabolic medication with control or another
agent for incident AF. Random-effects meta-analysis using the Mantel-Haenszel method, with between-study vari-
ance estimated using the DerSimonian-Laird method, was performed to synthesize risk ratios (RR) with 95% confi-
dence intervals (CI).

Results Two hundred and forty-nine RCTs involving 745 041 patients were included, of which 207 identified AF
through adverse event reports, 161 were placebo-controlled, and 15 had AF as a pre-specified endpoint.
In placebo-controlled trials, significant differences in incident AF were observed with treatment of heart fail-
ure with reduced ejection fraction with angiotensin-converting enzyme inhibitors and angiotensin receptor
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blockers (RR 0.69, 95% Cl 0.60-0.80), mineralocorticoid receptor antagonists (RR 0.62, 95% CIl 0.43-0.90),
and sodium-glucose co-transporter 2 (SGLT2) inhibitors (RR 0.62, 95% Cl 0.44-0.87); treatment of chronic
kidney disease with SGLT2 inhibitors (RR 0.53, 95% CI 0.33-0.85); and treatment of obesity with gluca-
gon-like peptide-1 receptor agonists (RR 0.79, 95% CI 0.63-0.99). However, the number of AF events per
trial was low and none were adequately powered for incident AF.

Conclusions Prospective RCTs with AF as a pre-specified outcome should be integrated into the design of future trials of
cardio-renal-metabolic medications to determine whether they reduce incident AF.

Structured Graphical Abstract

Key Question
What are the effects of pharmacotherapies on risk of incident atrial fibrillation (AF) across cardio-renal-metabolic diseases?

Key Finding

In this meta-analysis of randomized trials, significant reductions in incident AF were observed with:

» treatment of heart failure with reduced ejection fraction with angiotensin converting enzyme inhibitors and angiotensin receptor
blockers, mineralocorticoid receptor antagonists, and sodium-glucose co-transporter-2 (SGLT2) inhibitors

» treatment of chronic kidney disease with SGLT2 inhibitors

* treatment of obesity with glucagon-like peptide-1 receptor agonists

Take Home Message
In high-risk individuals, cardio-renal-metabolic medications may reduce the risk of incident AF.

Meta-analysis summarises primary prevention of AF with data of 249 RCTs:
Mainstay therapies 4 RR in placebo-controlled RCTs

Q  94.0% of RCTs did not have AF as pre-specified endpoint | 41.0% did not report 21 AF event per arm

Placebo
Participants  control Association
o SGLT2i ——i & 10703 Y JRROS53 95% Cl: 0.33-0.85 ARR:042%
Statin —o— & 2119 w4 NS
MRA o—i & 8244 4 NS
@ HFpEF  SGLT2i —o—i & 17 591 v NS
ARNI (- & 1147 X NS
ACEi/ARB o & 12385 < YRR0.69 95% Cl: 0.60-0.80 ARR: 2.63%
MRA —o—i & 3074 < YRR0.62 95% Cl:043-090 ARR: 2.35%
@ HFrEF  sGiT2; o & 9784 4 YRRO062 95% Cl: 0.44-0.87 ARR:0.72%
ARNI —e—i & 10082 X NS
Statin ——————— & 218 X NS
@ Obesity GLP-1 RA o— & 36258 < YRRO079 95%Cl: 0.63-0.99 ARR:0.32%
0 1 2

7

Prospective RCTs with AF as a pre-specified endpoint are needed

ACEi/ARB, angiotensin-converting enzyme inhibitor/angiotensin-Il receptor blocker; AF, atrial fibrillation; ARNI, angiotensin receptor-neprilysin inhibitor; ARR, absolute risk
reduction; Cl, confidence interval; CKD, chronic kidney disease; diabetes, diabetes mellitus; GLP-1 RA, glucagon-like-peptide-1 receptor agonist; HFpEF, heart failure with
preserved ejection fraction; HFrEF, heart failure with reduced ejection fraction; HTN, hypertension; MRA, mineralocorticoid receptor antagonist; NS, not significant; RCT,
randomised controlled trial; RR, risk ratio; SGLT?2i, sodium-glucose cotransporter-2 inhibitor

Raveendra K, et al. European Heart Journal.
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Non-antiarrhythmic pharmacotherapy in cardio-renal-metabolic disease and incident atrial fibrillation 3

Introduction

Atrial fibrillation (AF) confers an increased risk of stroke, heart
failure, cognitive decline and death, and the incidence of AF
is rising,2 such that by 2060 almost 18 million people may
have this condition in Europe.® Preventing the onset of AF be-
fore clinical manifestation has clear potential to improve the
lives of the general population and reduce the considerable
health and social care costs associated with development
of AF.*

Cardio-renal-metabolic factors and comorbidities—such as
hypertension, heart failure, diabetes, chronic kidney disease
(CKD), and obesity—substantially increase the risk of developing
AF.> Upstream therapy of these cardio-renal-metabolic co-
morbidities with non-antiarrhythmic medicines may prevent
the occurrence of the arrhythmia, and is recommended in the
most recent European Society of Cardiology (ESC) guidelines, al-
beit with level of evidence B.* Previous systematic reviews and
meta-analyses of randomized clinical trials (RCTs) have limited
utility to inform patient-centred strategies to prevent AF be-
cause they only focus on a pharmacological class rather than
the condition being treated,® *? incorporate data for the effect
of medicines on recurrence of AF in patients with a known his-
tory of AF—rather than first presentation of AF,%*2 and include
studies in post-operative settings.®*® Furthermore, the most re-
cent guidelines make no mention of the potential for treatment
with glucagon-like peptide-1 receptor agonists (GLP-1 RAs) to
reduce incident AF in patients with obesity, despite their proven
effectiveness for bringing about sustained, clinically relevant re-
duction in body weight.1*

To address this knowledge gap, we conducted a systematic
review and meta-analysis of the effect of non-antiarrhythmic
pharmacotherapies in patients with cardio-renal-metabolic dis-
ease on incident AF as reported in published RCTs to inform
strategies to reduce the incidence of AF and identify future re-
search priorities.

Methods

This study was registered on PROSPERO (CRD42024481598) and
was reported following the PRISMA statement.'®

Data sources and searches

We conducted a systematic search of the Medline, Embase, and
Cochrane Central databases from inception to 7 October 2025. A
qualified research librarian contributed to the development of the
search strategy. We used a combination of keywords and subject
headings related to AF and its prevention based on previous litera-
ture (see Supplementary data online, Tables $1-53).611-1316-18 e
completed forward and backward citation searching for included
studies and previous systematic reviews. Duplicates were removed
using Endnote, and then checked manually.

Study selection criteria

We included RCTs that evaluated the relationship between a
pharmacological therapy and the development of incident AF.
Included RCTs had to (i) be in adults (aged > 18 years) with a parallel
design, (ii) compare a pharmacological agent with a placebo control
or another medicine, and (jii) evaluate incident AF as an outcome or
adverse event. Studies were excluded if: (i) recurrent AF was in-
cluded in the outcome definition,”*® (ii) reports included

participants who were hospitalized with an acute illness such as
acute coronary syndrome or for a procedure (e.g. cardiac surgery)
at the point of recruitment given the distinct pathophysiological me-
chanisms of AF in this acute inflammatory context,?%° or (jii) re-
ports investigated the medicines that are recommended for rate
or rhythm control of AF (e.g. amiodarone, beta-blockers, non-
dihydropyridine calcium channel blockers).*

We focused on the following cardio-renal-metabolic conditions:
hypertension, heart failure [both reduced (HFrEF) and preserved
ejection fraction (HFpEF)], diabetes mellitus (with and
without target organ damage), CKD, and obesity.> Within these con-
ditions, we considered the following non-antiarrhythmic
cardio-renal-metabolic medications, which have been referenced
in ESC guidelines®®: angiotensin-converting enzyme inhibitor
(ACEi), angiotensin receptor blocker (ARB), angiotensin receptor-
neprilysin inhibitor (ARNI), GLP-1 RA, mineralocorticoid receptor
antagonist (MRA), sodium-glucose co-transporter 2 (SGLT2) inhibi-
tor, dipeptidyl peptidase-4 (DPP-4) inhibitor, statin, and omega-3
fatty acid. Other anti-hypertensives such as dihydropyridine cal-
cium channel blockers and thiazide diuretics have been shown to
have no effect on incident AF in previous meta-analyses,?%?? and
are not referenced in the contemporary ESC guidelines for primary
prevention of AF,* and so were not included here.

Data extraction and quality assessment

Two investigators (K.R., M.F.) independently screened articles for
inclusion by title, abstract, full text, and Supplementary data
online, materials. Disagreements were resolved by consultation
with a third investigator (R.N.). Three investigators (K.R., U.C., and
R.N.) independently extracted information from the included stud-
ies, including that pertaining to the intervention and outcome, and
study and participant characteristics. We extracted the number of
cases with AF occurrence in the intervention and control groups,
as well as whether AF incidence was a pre-specified efficacy or
safety endpoint. Disagreements about data were discussed with
two other investigators (H.L. and J.W.). Two investigators (K.R.
and M.F.) assessed risk of bias using the Cochrane collaboration’s
Risk of Bias 2 (RoB 2) tool.?®

Statistical analysis

We calculated unadjusted risk ratios (RR) with 95% confidence in-
tervals (Cl) for each study to report effect estimates for AF events.
We synthesized the overall RR by indication and class of pharma-
cotherapies, and by subgroup (indication: diabetes mellitus with
and without end-target organ damage, heart failure with reduced
or preserved ejection fraction) using a random-effects Mantel-
Haenszel model. The between-study variance was estimated using
the DerSimonian-Laird method. Statistical heterogeneity was as-
sessed using Cochran’s Q and I°. For meta-analyses with fewer
than five studies (k<5), we applied the Hartung-Knapp-Sidik-
Jonkman adjustment to derive Cl. Trials with zero events in either
arm were excluded from the primary RR meta-analysis and do not
inform relative effects. We quantified their prevalence and con-
ducted sensitivity analyses including them via Mantel-Haenszel
risk difference (finding that the results were directionally consistent
with the primary analyses). We present forest plots for the (i) indica-
tion for therapy (e.g. HFrEF) separately for placebo and non-placebo
controlled trials. Where a class of pharmacotherapy in placebo-
controlled trials was found to be associated with a significant differ-
ence in relative risk we then present forest plots by individual agents
within that class. As individual participant-level data were not avail-
able and follow-up durations varied across trials, precise person-
time data were lacking. Therefore, we could not derive robust esti-
mates of incidence rates or event rates per year. Instead, we
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performed a random-effects meta-analysis of absolute risk differ-
ences using study-level event counts and sample sizes in treatment
and control groups, employing the risk difference measure in the
‘metafor’ package.?* We estimated absolute risk reduction (ARR)
by pooling the RR across studies and then converting.

Heterogeneity was evaluated using the |2 statistic and regarded as
high if the value was >50%. An I? value of 0%-40% would indicate
that heterogeneity might not be important, 30%-60% may re-
present moderate heterogeneity, 50%-90% may represent sub-
stantial heterogeneity, and 75%-100% represents considerable
heterogeneity. Publication bias was examined by funnel plots and
Egger’s test when there were 10 or more trials, with statistical sig-
nificance set at P <.05. We conducted sensitivity analyses to (i) ex-
clude studies at high risk of bias and (ii) exclude studies where AF
was not a pre-specified endpoint. Network meta-analyses were
not conducted because of the insufficient numbers of events re-
ported in eligible trials. Meta-regression was not conducted as there
were too few trials per subgroup for meaningful results. All analyses
were conducted using R software (version 3.6.3).2°

Results

We reviewed 9371 unique records and included 249 RCTs com-
prising 745041 patients (see Supplementary data online,
Figure S1). Across all trials, the number of patients ranged
from 46 to 25 620, the mean age from 41.2 to 76.0 years, the
proportion of women from 0.0% to 79.0%.

Of the included RCTs, 15 (6.0%, n = 81 338 participants) re-
ported AF as a pre-specified endpoint, whereas 234 (94.0%) re-
ported AF in post hoc analysis (Table 1). Incident AF was a
pre-specified primary endpoint in only one trial.?® While AF
was a pre-specified endpoint for 5 of 27 RCTs (18.5%) for
HFrEF, it was not a pre-specified endpoint for any of the RCTs
with obesity indication (Table 1). AF ascertainment was by elec-
trocardiogram (ECG) in 5 of 13 (38.4%) included RCTs for vascu-
lar disease, 4 of 12 (33.3%) RCTs for hypertension, and 7 of 27
(25.9%) RCTs for HFrEF, but for only 5 of 146 (3.4%) diabetes
trials, and 1 of 6 (16.7%) CKD trials, and none of the included
obesity trials (Table 1). For RCTs utilizing adverse event reports
for AF ascertainment, it was not possible to determine if the
events were hospitalization for AF or a new AF diagnosis, irre-
spective of setting (see Supplementary data online, Tables S5,
S6, 58, 510, 512,514,516, 518, 520, and S22).

Hypertension

Placebo-controlled RCTs

For patients with hypertension, two placebo-controlled trials
evaluated statins including 1887 participants. Treatment with
statins (RR 1.01, 95% Cl 0.75-1.36, [1°=0.0%) (see
Supplementary data online, Figure S2) was associated with no
significant difference with regard to incident AF.

Non-placebo-controlled RCTs

For patients with hypertension, three non-placebo-controlled
trials evaluated ACEis including 33 800 participants, two evalu-
ated ARBs including 23 329 participants, four evaluated ARNIs
including 3641 participants, and one evaluated MRAs including
118 participants. Treatment with ACEis/ARBs was associated
with a 11% relative risk reduction (RR 0.89, 95% Cl 0.81-0.97,
I>=76.0%) (see Supplementary data online, Figure $3) and

0.42% ARR (95% CI 0.12%-0.72%). Treatment with ARBs was
associated with a 23% relative risk reduction (RR 0.77, 95% CI
0.68-0.87, I>=71.5%) and ARR of 1.08% (95% Cl 0.57%-
1.59%) (see Supplementary data online, Figure S3).

Risk of bias, publication bias, and heterogeneity

Risk of bias was moderate (25.0% high, 50.0% moderate, 25.0%
low) (see Supplementary data online, Table S37). Publication bias
was not apparent (see Supplementary data online, Figure S16).
Heterogeneity was significant for pooled trials of ACEis and
ARBs (I? = 76.0%), including for trials of ARBs (I* = 71.5%).

Heart failure

Heart failure with reduced ejection fraction
Placebo-controlled RCTs

For patients with HFrEF, one placebo-controlled trial evaluated
ACEi including 391 participants, two evaluated ARBs including
11 994 participants, three evaluated MRAs including 3074 par-
ticipants, eight evaluated SGLT2 inhibitors including 9784 parti-
cipants, and one evaluated statins including 1822 participants.
Treatment with ACEis/ARBs was associated with a 31% relative
risk reduction in incident AF (RR 0.69, 95% Cl 0.60-0.80, I =
86.7%; Figure 1) and 2.63% ARR (95% Cl 1.63%-3.64%).
Treatment with MRAs was associated with a 38% relative risk
reduction for incident AF (RR 0.62, 95% Cl 0.43-0.90, I*=
3.7%; Figure 1) and 2.35% ARR (95% Cl 0.56%-4.14%).
Treatment with SGLT2 inhibitors was associated with a 38%
relative risk reduction for incident AF (RR 0.62, 95% Cl 0.44-
0.87, 12 = 0.0%; Figure 1) and 0.72% ARR (95% C1 0.22%-1.23%).

Non-placebo-controlled RCTs

For patients with HFrEF, six non-placebo-controlled trials eval-
uated ARNIs including 10 028 participants, and two evaluated
statins including 218 participants. In trials of ARNIs, the control
arm was treated with ACEi/ARBs, and no significant difference
was observed for AF incidence (RR 0.99, 95% C1 0.77-1.27, I? =
0.0%) (see Supplementary data online, Figure S4). Trials of statin
were controlled with usual care, and showed no significant dif-
ference between additional statin intervention and usual care
(RR 0.87, 95% Cl 0.43-1.73, I>=0.0%) (see Supplementary
data online, Figure S4).

Risk of bias, publication bias, and heterogeneity

Risk of bias was moderate (25.9% high, 37.0% moderate, 37.0%
low) (see Supplementary data online, Table S36). Publication bias
was not apparent (see Supplementary data online, Figure S15).
There may have been substantial heterogeneity in trials of
ACEIi/ARB (2 =86.7%), including in trials investigating ARBs
(I” = 62.0%).

Heart failure with preserved ejection fraction
Placebo-controlled RCTs

For patients with HFpEF, two placebo-controlled trials evalu-
ated MRAs including 8244 participants, six evaluated SGLT2 in-
hibitors including 17 591 participants, one evaluated ARBs
including 3080 participants, one evaluated GLP-1 RAs including
731 participants, and one evaluated statins including 1868 par-
ticipants. Treatment with neither MRA nor SGLT2 inhibitor was
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Table 1 Trial characteristics by pharmacological indication

Indication CKD DM
RCTs Total (n) 6 146
AF as pre-specified Endpoint 1 1
AF ascertainment ECG 1 5
Adverse event 5 140
Medical records
Not reported 1
Cohort Participants (n) 13567 309054
Age (years) 60.65 62.20
Male (%) 65.89  60.86
HTN (%) 28.04 78.35
DM (%) 85.39 100.00
HF (%) 12.94 1241

HFpEF HFrEF HTN Obesity Vasc. disease Other Total

15 27 12 18 13 12 249

2 5 1 2 3 15

2 7 4 5 4 28

11 20 6 18 3 4 207

3 1 4

2 2 2 3 10
37201 39999 85687 37009 90290 132030 745041
7049 66.05 6532 54.09 64.90 6445  63.51
51.54 7459 5568 51.23 72.55 62.92 6191
96.08 63.24 100.00 63.47 52.38 59.26  72.69
3947 3419 24.09 263 23.33 2501 56.78
100.00 100.00 0.21 2587 3.81 0 18.04

AF, atrial fibrillation; CKD, chronic kidney disease; DM, diabetic mellitus; ECG, electrocardiogram; HFpEF, heart failure with preserved ejection fraction; HFrEF, heart
failure with reduced ejection fraction; HTN, hypertension; RCT, randomized clinical trial.

associated with a significant difference in incident AF (MRA: RR
0.92, 95% Cl 0.73-1.15, I? = 67.9%; SGLT2 inhibitor: RR 1.18,
95% Cl1 0.94-1.47, I? = 0.0%) (Figure 2).

Non-placebo-controlled RCTs

For patients with HFpEF, three trials evaluated ARNIs compared
with ACEi/ARB including 7695 participants, and one evaluated
ARBs with 1147 participants. Treatment with ARNIs did not
show a significant difference for risk of incident AF (RR 1.07,
95% ClI 0.87-1.32, I?> =0.0%) (see Supplementary data online,
Figure S5).

Risk of bias, publication bias, and heterogeneity

Risk of bias was moderate (33.3% high, 13.3% moderate,
53.3% low) (see Supplementary data online, Table S35).
Publication bias was not apparent in pooled heart failure indi-
cations (see Supplementary data online, Figure S15). There
may have been substantial heterogeneity in trials of MRA
(I = 67.9%).

Diabetes mellitus
Placebo-controlled RCTs

For patients with diabetes, two placebo-controlled trials evalu-
ated ACEis including 14 247 participants, two trials evaluated
ARBs including 15 232 participants, 29 evaluated SGLT2 inhibi-
tors including 71 279 participants, 42 evaluated GLP-1RAs in-
cluding 88 395 participants, four evaluated MRAs including
16 387 participants, three evaluated DPP-4 inhibitors including
26074 participants and two evaluated statins including
5248 participants. Treatment with none of ACEis/ARBs (RR
0.98, 95% Cl 0.86-1.12, 1>=0.0%), MRAs (RR 0.86, 95%
Cl 0.72-1.03, I? = 68.3%), statins (RR 0.83, 95% Cl 0.60-1.16,
I?=0.0%), SGLT2 inhibitors (RR 0.88, 95% Cl 0.76-1.04, I> =
0.0%), and GLP-1 RAs (RR 0.96, 95% Cl 0.86-1.06, 1> = 14.4%)

showed a significant difference in risk of AF (see
Supplementary data online, Figure S6A-C). This was consistent
when subcategorizing trials into those inclusive of patients
with and without target organ damage (see Supplementary
data online, Figures S7 and S8).

Non-placebo-controlled RCTs

For patients with diabetes, 18 non-placebo-controlled RCTs
evaluated SGLT2 inhibitors including 16 829 participants, 40
evaluated GLP-1 RA including 32200 participants, one
evaluated MRA including 818 participants, one evaluated
DPP-4 inhibitor including 6033 participants, and one evaluated
ARB including 16 514 participants. Treatment with neither
GLP-1RAs (RR 1.17,95% C1 0.60-2.29, I? = 0.0%) nor SGLT2 in-
hibitors (RR 1.01, 95% Cl 0.30-3.46, I?>=49.5%) showed a
significant difference in risk of AF (see Supplementary data
online, Figure S9A-C). This was consistent when subcategorizing
trials into those inclusive of patients with and without target or-
gan damage (see Supplementary data online, Figures S10 and
S11).

Risk of bias, publication bias, and heterogeneity

Risk of bias was moderate (17.8% high, 41.7% moderate,
40.5% low) (see Supplementary data online, Table S$34).
Publication bias was not apparent across all diabetic indications
(see Supplementary data online, Figure S14), and heterogeneity
may not have been important except in ACEi trials (I? = 51.9%)
and MRA trials (I? = 68.3%).

Chronic kidney disease
Placebo-controlled RCTs

For patients with CKD, two placebo-controlled trials evaluated
statins including 2119 participants, two evaluated SGLT2 inhibi-
tors including 10 703 participants, one evaluated GLP-1 RA
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HFrEF Events (n)/total
Intervention Control Cases Controls RR [95% CI]
ACEi
SOLVD 2003 Enalapril Placebo  10/186 45/188 ] 0.22 [0.12, 0.43]
ACEi_ARB
CHARM 2003 Candesartan Placebo  177/2700  215/2709 [ —! 0.83[0.68, 1.00]
SOLVD 2003 Enalapril Placebo  10/186 45/188 i — 0.22[0.12, 0.43]
VALHEFT 2003 Valsartan Placebo  113/2205  174/2190 [ —— 0.65[0.51, 0.81]
RRof AF (@ =15.00, df =2, p = 0.00; I* = 86.7%) <> 0.68 [0.60, 0.80]
ARB
CHARM 2003 Candesartan Placebo  177/2700 215/2709 I—-— 0.83 [0.68, 1.00]
VALHEFT 2003 Valsartan Placebo  113/2205  174/2190 |- : 0.65[0.51, 0.81]
RROf AF (Q=2.63,df=1,p=0.10; I* = 62.0%) O» 0.74 [0.64, 0.86]
MRA
EMPHASIS-HF 2012 Eplerenone Placebo  25/911 40/883 [ —_S— 0.61[0.37, 0.99]
GAO 2007 Spironolactone Placebo 13/58 24/58 . : 0.54[0.31, 0.96]
J EMPHASIS HF 2018 Eplerenone Placebo 41111 2/110 f - 3 1.98 [0.37, 10.60]
RROfAF (Q=2.08, df=2,p=0351"=37%) <> 0.62 [0.43, 0.90]
SGLT2i
DAPA HF 2019 Dapaglifiozin Placebo  26/2368 39/2368 L 0.67 [0.41, 1.09]
DEFINE HF 2019 Dapaglifiozin Placebo  2/131 11132 | | 2.02 [0.18, 21.96]
DETERMINE-REDUCED 2019 Dapaglifiozin Placebo 11156 21157 o | 3 0.50 [0.05, 5.49]
EMPEROR-REDUCED 2020 Empagliflozin Placebo  24/1863 44/1863 [ —— 0.55[0.33, 0.89]
SUGAR-DM-HF 2020 Empaglifiozin Placebo 1/52 1153 L ] » 1.02 [0.07, 15.87]
RROfAF (@=143,df=4,p=084;1>=00%) <> 0.62 [0.44, 0.87]
Statin
GISSI-HF (2) 2008 Rosuvastatin Placebo  123/905 126/917 - 0.89[0.79, 1.25]
T T T 1
01 0.25 05 1 4

Relative Risk of Incident AF

Figure 1 Association between pharmacotherapy for heart failure with reduced ejection fraction indication and incident atrial fibrillation

in placebo-controlled trials

including 101 participants, and one evaluated MRA including
644 participants. Treatment with SGLT2 inhibitors was asso-
ciated with a 47% relative risk reduction (RR 0.53, 95% ClI
0.33-0.85, 1>=0.0%) (Figure 3) and 0.42% ARR (95% ClI

0.11%-0.73%).

Risk of bias, publication bias, and heterogeneity

Risk of bias was moderate (16.7% high, 50.0% moderate, 33.3%
low) (see Supplementary data online, Table $33). Heterogeneity

may not have been important here (SGLT2 inhibitor: I = 0.0%;

statin: I? = 0.0%).
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HFpEF Events (n)/total
Intervention Control Cases Controls RR [95% CI]
ACEi_ARB :
I-PRESERVE 2008 Irbesartan Placebo  103/1529 99/1551 }—-—| 1.06 [0.81, 1.38]
ARB
I-PRESERVE 2008 Irbesartan Placebo  103/1529 99/1551 }—a—| 1.06 [0.81, 1.38]
GLP1RA
SUMMIT 2025 Tirzepatide Placebo  7/364 31367 ! > 2.35[0.61, 9.03]
MRA
FINEARTS-HF 2024 Finerenone Placebo 76/1347 99/1367 | E— 0.78 [0.58, 1.04]
TOPCAT 2020 Spironolactone Placebo 581111 49/1117 P 1.19[0.82, 1.72]
RRof AF (Q = 3.11, df =1, p = 0.08; I* = 67.9%) <> 0.92[0.73, 1.15]
SGLT2i
DELIVER 2022 Dapaglifiozin Placebo  69/3126 57/3127 ] 1.21[0.86, 1.71]
DETERMINE-PRESERVED 2020 Dapagliflozin Placebo 2/252 1/249 > 1.98 [0.18, 21.65]
EMPERIAL-PRESERVED 2019 Empagliflozin Placebo 2/157 2/158 I - B 1.01 [0.14, 7.06]
EMPEROR-PRESERVED 2021 Empaglifiozin Placebo  92/2997 80/2991 ] 1.15[0.85, 1.54]
RRof AF (Q = 0.26, df =3, p = 0.97, I* = 0.0%) <> 1.18[0.94, 1.47)
Statin
GISSI-HF (1) 2009 Rosuvastatin Placebe  135/950 168/918 —=—] 0.78 [0.63, 0.96]
I T T T T T 1
0.1 0.25 05 1 2 3 4

Relative Risk of Incident AF

Figure 2 Association between pharmacotherapy for heart failure with preserved ejection fraction indication and incident atrial fibrilla-

tion in placebo-controlled trials

Obesity

Placebo-controlled RCTs

For patients with obesity, 17 placebo-controlled trials evaluated
GLP-1 RAs including 36 258 participants. Treatment with GLP-1
RA therapy led to a 21% relative risk reduction of incident AF
(RR 0.79, 95% Cl 0.63-0.99, I?=0.0%) (Figure 4) and 0.32%
ARR (95% CI 0.02%-0.62%).

Non-placebo-controlled RCTs

For patients with obesity, one non-placebo-controlled trial
evaluated GLP-1 RA including 751 participants, and thus
meta-analysis was not conducted.

Risk of bias, publication bias, and heterogeneity

Risk of bias was low (16.7% moderate and 83.3% low) (see
Supplementary data online, Table S38). Publication bias was
not apparent (see Supplementary data online, Figure S17).
Heterogeneity may not have been important here (GLP-1 RA:
1% =0.0%).

Vascular disease
Placebo-controlled RCTs

For patients with vascular disease (as defined in Supplementary
data online, Table S4), one placebo-controlled trial evaluated
ARB including 20 332 participants, two evaluated omega-3 fatty
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Chronic kidney disease Events (n)/total

Intervention Control Cases Controls RR [95% CI]
MRA
ALCHEMIST 2025 Spironolactone Placebo 15/320 19/324 L = 4 0.80 [0.41, 1.55]
SGLT2i
DAPA CKD 2020 Dapaglifiozin Placebo 8/2149 17/2149 i 0.47 [0.20, 1.09]
EMPA-KIDNEY 2022 Empagliflozin Placebo 18/3304 32/3305 D—l—< 0.56 [0.32, 1.00]
RROf AF (Q=012,df=1,p=0.73; I*=00%) —_— ‘ 0.53 [0.33, 0.85]
Statin
4D 2005 Atarvastatin Placebo  38/619 50/636 b - 1 0781052, 1.17]
PREVEND IT 2004 Pravastatin Placebo 8/433 8/431 1.00 [0.38, 2.63]
RROofAF (Q =020, df =1, p = 0.65; I = 0.0%) -:3— 0.81[0.56, 1.18]
I T T I T | |
0.1 0.25 0.5 1 2 3 4

Relative Risk of Incident AF

Figure 3 Association between pharmacotherapy for chronic kidney disease indication and incident atrial fibrillation in placebo-

controlled trials

acid including 13 519 participants, one evaluated SGLT2 inhibi-
torincluding 105 participants, and six evaluated statins including
50 961 participants. Treatment with a statin was associated with,
on average, a 11% increased risk of AF (RR 1.12, 95% Cl 1.01-
1.24, > = 0.0%), and treatment with omega-3 fatty acid with
a 32% increased risk of AF (RR 1.32, 95% Cl 1.03-1.70, I? =
33.9%) (see Supplementary data online, Figure S12).

Non-placebo-controlled RCTs

For patients with vascular disease, one non-placebo-controlled
trial evaluated omega-3 fatty acid including 2460 participants,
and one trial evaluated statin including 2442 participants.
Therefore, meta-analysis was not conducted (see
Supplementary data online, Figure S13).

Risk of bias, publication bias, and heterogeneity

Risk of bias was moderate (23.1% high, 46.1% moderate, 30.8%
low) (see Supplementary data online, Table S39). Publication bias
was not apparent (see Supplementary data online, Figure S18).
Heterogeneity may not have been important (omega-3 fatty
acid: I? = 33.9%; statin: I? = 0.0%).

Medicines within pharmacological classes
ACEi/ARB for heart failure with reduced ejection
fraction

Amongst three placebo-controlled trials of ACEis and ARBs in
HFrEF, no single agent was trialled more than once, and there-
fore meta-analysis of individual agents could not be conducted.

MRA for heart failure with reduced ejection fraction

Two of the three placebo-controlled trials of MRAs for HFrEF
indication trialled eplerenone and included 2015 participants.
Meta-analysis did not find a significant relative risk difference
(RR 0.67, 95% Cl 0.42-1.07, I?> =43.5%) (see Supplementary

data online, Figure S19). Risk of bias was high in both trials
(see Supplementary data online, Table 529).

SGLT2 inhibitors for heart failure with reduced ejection
fraction

Amongst five placebo-controlled trials of SGLT2 inhibitors in
HFrEF indication, three trialled dapagliflozin and included
5312 participants. Meta-analysis did not find a significant rela-
tive risk difference (RR 0.69, 95% Cl 0.43-1.11, I* = 0.0%) (see
Supplementary data online, Figure 520). Two of the five placebo-
controlled trials trialled empagliflozin and included 3831 partici-
pants. Meta-analysis found a 44% decreased relative risk (RR
0.56, 95% Cl 0.34-0.90, I°=0.0%) (see Supplementary data
online, Figure S20).

Heterogeneity may not have been important in the empagli-
flozin finding (1% = 0.0%). Risk of bias was high in trials of dapagli-
flozin (66.7% high, 33.3% moderate) (see Supplementary data
online, Table S31), and moderate in those of empagliflozin
(50% moderate, 50% low) (see Supplementary data online,
Table S31).

GLP-1 RA for obesity

Amongst four placebo-controlled trials of GLP-1 RAs in obesity
indication including 20897 participants, treatment with
semaglutide was associated with decreased risk of AF (RR
0.79, 95% Cl 0.63-0.99) (see Supplementary data online,
Figure S21). Heterogeneity may not have been important here
(I? = 30.5%). Risk of bias in these trials was low (75% low, 25%
moderate) (see Supplementary data online, Table 528).

Sensitivity analysis
Risk of bias

When RCTs at high risk of bias were excluded from
meta-analysis, the relative risk reduction for incident AF in
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Obesity Events (n)/total
Intervention Control Cases Controls RR [95% CI]

GLP1RA

SCALE OBESITY 2015 Liraglutide Placebo  4/1505 2/748 1.00[0.18, 5.42]
SELECT 2024 Semaglutide Placebo  127/8803 152/8801 e 0.84 [0.66, 1.06]
STEP-HFPEF 2024 Semaglutide Placebo 3/263 12/266 0.25[0.07, 0.89]
STEP 12021 Semaglutide Placebo  2/1306 1/655 1.00 [0.09, 11.04]
STEP 4 2021 Semaglutide Placebo 1/535 2/268 0.25[0.02, 2.75]
SURMOUNT-1 2024 Tirzepatide Placebo 2/1896 1/643 0.68 [0.06, 7.47]

RR Of AF (Q = 4.40, df =5, p = 0.49; I* = 0.0%)

0.1

—_— 0.79 [0.63, 0.99]

T T T T T ]
0.25 0.5 1 2 3 4

Relative Risk of Incident AF

Figure 4 Association between pharmacotherapy for obesity indication and incident atrial fibrillation in placebo-controlled trials

placebo-controlled trials of treatment with SGLT2 inhibitor in
patients with CKD, treatment with SGLT2 inhibitor in HFrEF,
and treatment with GLP-1 RA in obesity was preserved. Four
of eight trials testing ACEi/ARB in hypertension and HFrEF
were at high risk of bias, as were two of three trials testing
MRA in HFrEF, and thus the reduced incidence of AF with these
treatments could not be confirmed on this sensitivity analysis.

AF as a pre-specified endpoint

AF was a pre-specified endpoint in 15 trials, with one evaluating
ACEi, three evaluating ARBs, one evaluating ARNI, six evaluat-
ing MRAs, three evaluating omega-3 fatty acid, and one evaluat-
ing statin. Omega-3 fatty acid was associated with an increase in
the relative risk of AF (RR 1.26, 95% Cl 1.11-1.42). No signifi-
cant difference was seen for AF incidence with the other trialled
pharmacological classes (see Supplementary data online,
Figure S22).

Discussion

This contemporary systematic review and meta-analysis of
249 RCTs provides hypothesis-generating data for the associ-
ation of commonly used pharmacotherapies in patients with
cardio-renal-metabolic diseases and incident AF. AF was a pre-
specified endpoint in only 6% of trials and ascertained by ad-
verse event reports in 83% of trials. Thus, the number of AF
events per trial was low, and none of the trials were adequately
powered to inform whether these pharmacological classes
are protective of AF. With the available data from placebo-
controlled trials a reduction in incident AF was observed for
treatment of HFrEF with ACEi/ARB, MRA, and SGLT2 inhibitor,
for treatment of CKD with SGLT2 inhibitors, and the treatment
of obesity with GLP-1 RAs, including semaglutide specifically
(Structured Graphical Abstract). However, prospective RCTs
with AF as a primary outcome and with systematic AF detection
are required to determine if cardio-renal-metabolic medicines
are protective for incident AF.

Comparison with previous individual studies

The key strength of our study is its sample size and breadth and
relevance to clinical practice. Previous studies have focussed on

the effect of a single pharmacological class,&811-131617.27 1y,

the effect of a cardio-renal-metabolic pharmacotherapy on AF
will depend on the underlying substrate, and the relationship
of that disease to AF. By contrast, by considering the effect of
agents in a specific cardio-renal-metabolic disease, we provide
an analysis that is more relevant to patient care.

Our results concord with treatment recommended in current
ESC guidelines for prevention of AF. ACEis and ARBs are recom-
mended first line for the management of hypertension to reduce
the risk of AF.* Furthermore, we add to data from existing
meta-analyses that guideline-directed treatment for HFrEF
with ACEis/ARBs, MRAs, and SGLT2 inhibitors may be asso-
ciated with reduction in incident AF.® We extend beyond previ-
ous analyses by investigating trials for patients with HFpEF,
though we did not observe a significant difference in incident
AF from any medicine.'®

In contrast to previous studies, we did not find that SGLT2 in-
hibitor treatment was associated with a reduction in incidence
of AF in patients with diabetes.*>?” These differences may re-
flect the choice of inclusion criteria for RCTs. Our study sought
to specifically assess incident, rather than recurrent AF, and for
the results to be generalizable to the general population, rather
than a specific hospitalized sub-cohort.282? However, low event
rates, as AF was ascertained by adverse event reporting, in trials
of SGLT2 inhibitors across diabetes and CKD make it challen-
ging to determine the true nature of the association between
SGLT2 inhibitors and incident AF in diabetes and CKD.

Implications for clinicians, policy makers and
future research

First, importantly, we did not find evidence of excess risk of AF
with currently recommended guideline-directed treatment of
cardio-renal-metabolic conditions, including hypertension,
HFrEF, diabetes, and CKD.

Second, while the most recent ESC guidelines emphasized the
importance of weight management for prevention of AF, they
did not specifically mention GLP-1 RAs. Our results provide
hypothesis-generating evidence that GLP-1 RA treatment in
obesity may be associated with a reduction in incident AF, but
trials included a low number of AF events, only detected as ad-
verse event reports (Table 1). In patients with obesity, it is logical
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that the weight reduction benefit of GLP-1 RA therapy may con-
fer a reduction in incident AF given the wealth of observational
evidence that body weight is associated with AF genesis.>%3? It
is possible that there are direct effects, as the GLP-1 receptor is
highly expressed in the atria of the heart,®2 and in type 2 diabetic
murine models, chronic treatment with GLP-1 RA reduced the
susceptibility to AF in association with lower levels of atrial fi-
brosis and improvements in atrial conduction.®® However, given
the limitations of the available data, prospective randomized
evidence is required to determine whether GLP-1 RA therapy
has an effect on incident AF in patients with obesity.

Third, the main finding from this study is that RCTs across
hypertension, diabetes, heart failure, obesity, and CKD—all
high risk disease states for AF—have frequently failed to system-
atically collect standardized AF information, thereby failing to
provide data for the effect of medicines on incident AF. The
low event rates attest to likely under-detection of AF in these
trials. Novel RCT evidence for these pharmacological classes
with the primary outcome of incident AF are required to truly
determine if these medicines have an effect on incident AF.
Conduct of primary prevention trials for AF has historically
been limited by difficulties in identifying groups at sufficiently
high risk, the prolonged timescale necessary to achieve an
adequate number of relevant endpoints,>* and the inability to
efficiently and inexpensively diagnose AF as a study end point.
These barriers need no longer limit research into primary
prevention of AF. There are now unparalleled opportunities to
comprehensively estimate AF risk by considering multiple risk
factors,2>%¢ and there is now a plethora of inexpensive and non-
invasive methods for identifying and characterizing incident AF
and AF burden to make robust ascertainment of AF in primary
prevention trials more feasible.®”

Limitations

Despite this being a meta-analysis of RCTs, the quality of evi-
dence overall must be considered carefully when interpreting
these findings. First, only one RCT had incident AF as a primary
endpoint and therefore these data may be prone to multiple-
testing error and data-derived emphasis biases. Second, there
was risk of bias in outcome measurement. That is, the detection
of AF is largely dependent on the methods applied, with the fre-
quency of ECG checks being a key determinant for AF detection
when symptoms are absent or not specific.®” Accordingly, as the
included studies were not primarily targeted to enhance AF de-
tection and assess AF burden, it is inevitable that asymptomatic
AF may be under-detected,®® and the relatively low rate of AF
events compared to population incidence estimates furthermore
suggests that AF event rates were underestimated.? This may
lead to an overestimation of the alterations to relative risk of
AF that we observed with some pharmacological classes and a
false assessment that there is an effect on AF as a type | error.
Third, we used aggregated study-level data rather than individual
participant data, which precluded estimates of event rates over
time and means that different follow-up periods are included in
meta-analysis estimates. Fourth, the exact inclusion criteria
and definitions and ascertainment methods for endpoints varied
among the included RCTs. Fifth, we were unable to conduct a
network meta-analysis between pharmacological classes due
to the low numbers of events in eligible RCTs. Sixth, included

RCTs did not provide details for the burden and symptoms of
AF. Seventh, while we subdivided RCTs by predominant indica-
tion for the trial, participants did not have that disease alone
and commonly had multiple cardio-renal-metabolic diseases
(e.g. diabetes and CKD), which we could not overcome in the ab-
sence of individual-patient level data.

Conclusion

This meta-analysis of data from 249 RCTs is limited by the fact
that data are predominantly post hoc, often from adverse events
reports, and at risk of bias, overestimation, and underestimation
with regard to treatment effects. Available data provide
hypothesis-generating estimates that treatment of HFrEF with
ACEi/ARB, MRA, and SGLT2 inhibitors, treatment of CKD with
SGLT2 inhibitors, and treatment of obesity with GLP-1 RAs, may
be associated with a relative risk reduction in incident AF.
Prospective RCTs with AF as a pre-specified outcome should be in-
tegrated into the design of future trials of cardio-renal-metabolic
medications to determine whether they reduce incident AF.

Supplementary data

Supplementary data are available at European Heart Journal
online.
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