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Pesome

¢VI6PVII1I1HLI,VIH I'Ipe,Cl,CEpAVIFI — O4HO M3 CaMbIX paCI‘IpOCTpaHeHHbIX HapyLIJeHVIVI cep,quHoro pVITMa, CBA3aHHOEe C NoBbIlLEeHHbIM pVICKOM MHcyana,
CMEPTHOCTM oT CepAeHHO-CocyAMCTbIX 3a6oneBaHM|}'1 n rochTanmau,wﬁ. Ha pasawme aPMTMIAM BANAET pﬂ,q ¢aKTOPOB pMCKa, BK/1lO4aA apTepmanb—
HyIO rMnepTeH3mo, xp0Hw+e(:Kyro cep,quHyro HeA4O0CTaTO4YHOCTb, VILIJeMVI'-IeCKyiO 60ne3Hb cep,qu,a n BHAOKPVIHHbIe paCCTpoﬁcma. Hosble peKOMeH-
aaumu EBponeiickoro obuiectsa kapanoaoros (2024) nof4epKUBalOT BaXHOCTb yrpaBaeHus GakTopaMu pucka A9 NosbiweHUs 3GGeKTUBHOCTM
JIeYEHNA W y/IyYLIEHWSA NPOrHO3a y NauueHToB ¢ Gubpuansumeii npeacepanin. IHrMGUTOPbI HATPUIA-T/IOKO3HOrO KOTpaHcnopTepa 2 Tuna (rave-
I103I/|Hb|), MN3Ha4a/IbHO I'IpIAMeHFIBLIJMeCFI KaK rmnorankeMmnyeckme npenapaTbl, cerogHsa LIJMPOKO MCI‘lOI1b3yIOTCFI WU ANnAa CHMXeHUaA pwcxa He6naronpm—
ATHBIX CepAe'-IHO-CocyAVICTbIX CO6bITVIl7I. OAHaKO BOI'IPOC o I'Ipl/lMeHeHVIVI 3TUX npenapaTOB C Le/Ibi0 CHMXXeHunA pMCKa BO3HUKHOBEHUA U yﬂy'-ILIJeHVIFI
TeyeHns GubpunnALUN Npeacepanii ocTaeTcs OTKpPbITbIM. C Lie/Ibio NOMCKa OTBeTa Ha Hero 6bia NpoBeseH 0630p IMTepaTypbl, KOTOPbIN NOKasas,
4TO MHTMBUTOPbI HATPUIA-TIIOKO3HOTO KOTPAHCNOpTepa 2 TUMa TEopeTUYECKM MOTYT 061a4aTb aHTUAPUTMUYECKUM 3D PEKTOM, peanusyoLmmcs 3a
CYeT HeCKO/IbKMX MeXaHU3MoB. AHanuns HayHHbIX AAHHbIX rOBOpI/IT O TOM, 4TO B 60/lbLLIMHCTBe cnyqaeB MnCcno/2ib3oBaHune MHFI/I6IATOp0B HanMI;i—FI"O—
KO3HOro KOTpchnopTepa 2 TMna yMeHbLIJaeT pVICK pa3BVITVIFI BI'IepBble BO3HUKLLEN ¢M6pVII1/1ﬂLI,VIVI npe,qcep,qmﬁ, NMO/IOXNTE/IbHO B/INACT Ha Te4YeHune
apUTMUM U CHIKaeT PUCK ee pelngmea nocne abnauyuu. Mpu 3TOM A0 KOHLA He ACHO, ABAAIOTCA N 06CyXKAaeMble BOMPOCH Knacc-3pPpeKkToM unm
npenapaTbl, BXOAALME B rPyNny rAM¢pno3vHOB, MMeIT pasHyto 3pdekTnBHOCTb. O603HauYeHHbIe BOMPOCh 06yC/NaBANBalOT HeO6X04MMOCTb NpO-
BejeHuna p,aaneI‘/‘iLIJMX I'IpOCI'IeKTI/IBHbIX MCCﬂeAOBaHMﬁ Ana nO,qTBep)i(,quMﬂ aHTI/IapMTMI/NECKOFO 3c|>¢eKTa y MHFI/I6IATOp0B HanIAVI—FnIOKOBHOFO
KoTpaHcnopTepa 2 Tuna.
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Abstract

Atrial fibrillation is one of the most common heart rhythm disorders associated with an increased risk of stroke, cardiovascular mortality and
hospitalizations. The development of arrhythmias is influenced by a number of risk factors, including arterial hypertension, chronic heart failure,
coronary heart disease and endocrine disorders. New guidelines from the European Society of Cardiology (2024) emphasize the importance of
managing risk factors to improve treatment efficacy and prognosis in patients with atrial fibrillation. Sodium-glucose cotransporter type 2 inhibitors
(gliflozins), originally used as hypoglycemic drugs, are now also widely used to reduce the risk of adverse cardiovascular events. However, the use of
these drugs to reduce the risk of atrial fibrillation and improve the course of atrial fibrillation remains an open question. In order to find an answer
to this question, a literature review was conducted, which showed that inhibitors of sodium-glucose cotransporter type 2 can theoretically have
an antiarrhythmic effect realized through several mechanisms. Analysis of scientific data suggests that in most cases, the use of sodium-glucose
cotransporter type 2 inhibitors reduces the risk of first-time atrial fibrillation, has a positive effect on the course of arrhythmia and reduces the risk
of its recurrence after ablation. At the same time, it is not clear to the end whether the discussed issues are class-effect or the drugs belonging to the
gliflozin group have different efficacy. The mentioned issues necessitate further prospective studies to confirm the antiarrhythmic effect in sodium-
glucose cotransporter type 2 inhibitors.
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controlled studies, NHE1 — type 1 Na+/H+ exchanger, ACVD — atherosclerotic cardiovascular diseases, DPP4i — dipeptidyl peptidase-4 inhibitors

Introduction

Atrial fibrillation (AF) is the most common type of
rhythm disturbance, which is associated with a higher
risk of cardioembolic stroke, cardiovascular deaths, and
hospitalisations [1]. The incidence of AF is 2 %. In Russia,
the rates are similar [2, 3]. In some cohorts, this value
can be even higher. For example, during the first month
after the infection, the incidence of atrial arrhythmias
among post-COVID patients is 12 times higher than in
the general population [4]. Given the longer life expec-
tancy of the population, the incidence of AF is likely to
be even higher: over the next 50 years, the incidence of
arrhythmias can double [5].

In a majority of cases, the exact aetiology of AF is
unknown; however, some clinical conditions are asso-
ciated with a higher rate of arrhythmia. They include a
number of cardiovascular diseases: arterial hyperten-
sion, chronic heart failure (CHF), ischaemic heart dis-
ease, acquired and congenital heart disorders [6, 7].
In the Framingham Heart Study, CHF increases the risk
of AF by 8.5 times in men and by 14 times in women [8].
Common causes are also endocrine disorders, including
diabetes mellitus (DM), which increases the risk of AF
by 28 % [9]. DM-related factors, not the cardiovascular
comorbidity, contribute to the development of arrhyth-
mia: unstable blood glucose level, oxidative stress, and
inflammation [10].

The new European Society of Cardiology Guidelines
for the Management of AF (ESC, 2024) focus on comor-
bidities. CARE approach (C — Correction of comor-
bidities and risk factors; A - Avoidance of stroke and
thromboembolism; R — Reducing symptoms by effec-
tive use of heart rate and rhythm control; E — Evalu-
ation and follow-up) in comorbid patients involves
control of risk factors in order to prevent AF recur-
rences and progression. It allows boosting treatment
efficiency, improving prognosis, and preventing unfa-
vourable outcomes [11].

Recently, sodium-glucose linked transporter-2 inhib-
itors (SGLT24i, gliflozins) have been widely used in clini-
cal settings. Initially claimed as hypoglycaemic agents,
these medications demonstrated the ability to reduce the
number of adverse cardiovascular events and lower the
risk of hospitalisations for CHF, as well as showed effects
on the reduction of the risk of chronic kidney disease
progression [12, 13]. Currently, dapa- and empaglifloz-
ins are recommended to all patients with CHF irrespec-
tive of their ejection fraction, including those with AF
[11, 14]. Although SGLT2 inhibitors have proven to be
efficient, it is still unclear whether they can be used to
reduce the risk of AF and impact the existing arrhythmia.

The objective of this review is to study the ability of
SGLT?2i to reduce the risk of development and improved
course of AE
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Methods of search

A literature search was conducted, which included
relevant articles in PubMED, eLIBRARY databases and
also at ClinicalTrials, both in Russian and English, over
a period from 2016 to 2024. The following keywords
and phrases containing such keywords were used in
the literature search: SGLT2 inhibitors, gliflozins, atrial
fibrillation, diabetes mellitus, antiarrhythmic effect. The
search included systemic reviews, meta-analyses, both
published and unpublished randomised controlled stud-
ies (RCS), and observational studies. The final analysis of
publications did not include theses, poster reports, thesis
papers, and conference materials. All in all, 130 publica-
tions were analysed; the final analysis comprised 18 pub-
lications, including five publications discussing possible
antiarrhythmic mechanism of action of SGLT2i [19-23],
and 13 publications discussing the efficacy of gliflozins
in the reduction of risk of AF and impact for existing
arrhythmias [24-36].

Mechanisms of antiarrhythmic
effects of SGLT2i

To date, a number of pleiotropic effects of gliflozins
have been described, which include reduction of albu-
minuria, blood pressure, body mass, and uric acid levels
[15-18]. However, their antiarrhythmic effects are still
unclear. At the same time, oxidative stress and energy
deficit of cardiac cells, which underlie the AF arrhyth-
mogenesis, are associated with mitochondria dysfunc-
tion and impaired sodium and calcium exchange, which
can be a point of intervention with gliflozins.

The possible mechanism of antiarrhythmic effects
of gliflozins is additional inhibition of type 1 Na+/H+

exchanger (NHE1) [19]. The main cause of excessive
NHEI activation is intracellular acidosis induced by
myocardial ischemia [20]. In addition, the experimental
model demonstrated that NHE] is activated also during
atrial tachycardia [21]. Later, Chinese authors (2008)
reported that NHE1 activity is clearly higher both in
ageing atria and in fibrillating atria [22]. Irrespective of
the cause of excessive NHEI activation, it results in cyto-
matrix overloading with Na+ ions, which alters inversely
the function of Na+/Ca2+ exchanger and contributes
to cytomatrix overloading with Ca2+ ions. This is asso-
ciated with the development of cardiac dysfunction,
abnormal conductivity and triggered activity, which can
add to AF arrhythmogenesis [20, 23]. Simultaneously,
Na+/Ca2+ exchanger is activated on the mitochon-
dria membrane, causing higher Ca2+ outflow from the
organelle. Reduced intramitochondrial concentration of
Ca2+ leads to impairment of a number of essential func-
tions, including ATP synthase dysfunction and excessive
synthesis of reactive oxygen intermediates, which results
in more significant atrial remodelling, also in patients
with existing AF [19]. However, it does not eliminate the
contribution of other possible mechanisms in the cre-
ation of antiarrhythmic effects of SGLT2i (Fig. 1), given
there is no clear answer to the question about the key
mechanism.

Role of SGLT2iin the reduction
of the risk of AF de novo

A majority of large RCS study the effects of SGLT2i on
the incidence of atherosclerotic cardiovascular (ACVD)
complications and CHF. One of them, DECLARE-TIMI
58, studied the effects of dapagliflozin on DM patients

Inhibition of NHE 1

Decreased activity of the
sympathetic nervous system

‘—[ Antiarrhythmic mechanisms of iSGLT2 J—'

Reduction of epicardial
adipose tissue volume

Inhibition of SGLT1 in the
heart

Antifibrotic effect

Figure 1. Mechanisms putatively underlying the antiarrhythmic effect of iSGLT2

Note. iSGLT2 — sodium-glucose cotransporter type 2 inhibitors, SGLT1 — sodium-glucose cotransporter type 1, NHEI — Na+/H+ exchanger type 1
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with ACVD (n=6,974) or with a high risk of such dis-
eases (n=10,186). Since the authors of the original study
did not aim at identifying the ability of SGLT2i to delay
the onset of AF, an additional retrospective analysis was
conducted in a separate arm (n=1,116), which showed
19 % reduction in the risk of arrhythmia vs. placebo (OR
0.81; 95% CI: 0.68-0.95; p=0.009). The results did not
depend on a history of a specific diagnosis of ACVD or
CHEF [24].

Alternative results were reported in the DAPA-HF
study. Butt J.H. et al. (2022) demonstrated that the use
of dapagliflozin did not reduce the risk of AF de novo
in patients (n=2,834) with CHF and decreased ejection
fraction (OR 0.81; 95% CI: 0.60-1.22). This can be a
result of the study characteristics, which was probably
conducted for a shorter period of time than needed to
see the antiarrhythmic effects of SGLT2i: the median
observation time was 18 months, while in DECLARE-
TIMI 58, the observation lasted for 48 months; and the
effects for AF were usually seen 24 months after dapa-
gliflozin initiation, however in a completely different
patient population. Also, AF monitoring in DAPA-HF
was not active enough, which could result in missed epi-
sodes of arrhythmia and a low number of patients with
AF de novo (n=123; 4.3 %) [25].

It appears that the problem of AF underdiagnosing is
present in other large RCS of SGLT21i, because AF record-
ing was not an endpoint and the condition was treated as
an adverse event; the disease was often diagnosed only
on the basis of the medical history and ECG recording
during control visits. For example, in the EMPA-REG
OUTCOME study, the incidence of AF de novo was also
low and did not differ between placebo (n=106; 1.6 %)
and empagliflozin (n=153; 2.3 %) [26].

The favourable effects of SGLT2i in the prevention
of AF de novo are supported by the fact that analysis
results of DECLARE-TIMI 58 were similar to those of
meta-analyses. For example, a meta-analysis of 34 stud-
ies (n=63,166, 63 % of males, mean age: 60 years) dem-
onstrated that the use of SGLT2i reduced the risk of
any atrial arrhythmias in patients with DM (OR 0.81;
95 % CI: 0.69-0.95; p=0.008) [27]. However, in a larger
sample (46 studies, n=101,100) in another meta-analy-
sis, the results differed again: according to the authors,
SGLT2i did not reduce the risk of AF irrespective of the
follow-up duration, drug type or dose, and patient pop-
ulation [28].

It is likely that the contradictory conclusions can
be a result of characteristics of the studies included in
the meta-analysis. All studies had significantly differing
designs and follow-up duration; none of them had AF
as an endpoint, and the history of AF was not taken into
account during patient enrolment [29].

SGLT2i and AF progression

Up to date, there are just a few literature reports on the
studies, aiming at establishing the relationship between
SGLT2i and AF progression in patients with DM and
pre-existing AF. In one study, the authors compared the
efficacy of SGLT2i and dipeptidyl peptidase-4 inhibitors
(DPP4i) during the period from 2014 to 2019 (cohort
study). The primary endpoint was AF-associated events:
hospitalisation, A&E visits, electrical cardioversion or
catheter ablation. Secondary parameters included all-
cause mortality, hospitalisation for decompensated CHE,
ischaemic stroke or transient ischaemic attack. Among
2,242 patients with DM and AF, who were followed up
for an average period of three years, the primary end-
point was recorded in 8.7 % (n=97) of patients in SGLT2i
group vs. 10.0 % (n=112) of patients in DPP4i group (OR
0.73; 95% CI: 0.55-0.96; p=0.03). SGLT2i were associ-
ated with significantly reduced all-cause mortality rates
and hospitalisations for CHF, but did not show any dif-
ference in the risk of ischaemic stroke/transient isch-
aemic attack [30].

Similar results were obtained in a study by Korean
authors (2024), who conducted a retrospective analysis
of a database of patients (n=11,012) with DM and AF:
the use of SGLT2i resulted in significantly lower all-cause
mortality (OR 0.43; 95% CI: 0.29-0.67) and marked
kidney protection, which is also very important: higher
blood creatinine levels of over 50 % or dialysis initiation
were less common in SGLT2i group (OR 0.50; 95 % CI:
0.38-0.66; p<0.001) [31].

Undoubtedly, a major fault of these studies is their
retrospective nature, which has practical limitations
for the use of these studies due to the low level of evi-
dence. This problem is being resolved: the EMPA-AF
(NCT04583813) and BEYOND (NCT05029115) studies
are being currently planned.

SGLT2i and reduction
in post-ablation rates of AF

There are a number of articles describing that
SGLT2i can reduce the risk of AF recurrences after
ablation. One of the major studies in this domain is a
study by Abu-Qaoud M.R. et al. (2023) [32]. The study
included DM patients, who underwent AF ablation in
2014 to 2021. The patients were divided into two equal
arms (n=2,225) depending on SGLT?2i status. The pri-
mary endpoint was an episode of AF recurrence during
the 12-month follow-up. The secondary endpoints
were: decompensated CHF, ischaemic stroke, all-cause
hospitalisations and death during the same period.
The use of SGLT2i was associated with a significantly
lower risk of AF recurrence (OR 0.68; 95 % CI: 0.602-
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0.776; p<0.0001). Elements of the secondary endpoint
were also less common (OR 0.85; 95% CI: 0.77-0.95;
p=0.003); however, the incidence of strokes had only
minor differences.

Similar results were reported also by Japanese col-
leagues (2022), who conducted a prospective randomised
study to compare the efficacy of SGLT2i and DPP4i in
AF recurrence after ablation. Seventy patients with AF
and DM were randomised to tofogliflozin group (n=38)
or anagliptin group (n=32); also, patients were stratified
depending on the left atrial diameter and AF pattern. The
primary endpoint was AF recurrence during 12 months
after ablation. In anagliptin group, AF recurrences were
more common than in tofogliflozin group (47 % vs. 24 %,
p=0.0417) [33].

The limitation of these studies can be inclusion only
of DM patients, therefore, the results cannot be extrapo-
lated to all AF patients, and another RCS is required to
assess the effects of SGLT2i on AF recurrences after abla-
tion, irrespective of DM status of patients.

Efficacy of specific
SGLT2 inhibitors

Are the above issues class effects, or do various glifloz-
ins have various efficacy? The mentioned meta-analysis
of 34 studies showed that only dapagliflozin was associ-
ated with a significantly reduced risk of atrial arrhyth-
mias in DM patients (OR 0.74; 95% CI: 0.60-0.91;
p=0.005), while canagliflozin showed statistically insig-
nificant results (OR 0.81; 95% CI: 0.60-1.08; p=0.15),
empagliflozin did not affect the risk of AF (OR 1.17; 95 %
CI: 0.75-1.82; p=0.49) [27].

Similar results were obtained by investigators in
South Korea (2024). In an observational study, con-
ducted in 2016-2018, DM patients (n=137,928, mean
age: 55 years old, males: 58 %) were treated with dapa- or
empagliflozin. In dapagliflozin group, events of AF were
less common (OR 0.89; 95% CI: 0.79-0.99). It is worth
noting that the results were similar both in groups of low
and high cardiovascular risk. Age, gender, body mass
index, diabetes duration, and renal function did not
affect the final result [34].

The fly in the ointment is a retrospective cohort
study conducted by Japanese authors (2022), where the
national database analysis was used to compare specific
SGLT2i and their role in primary prevention of CHE,
ischaemic heart disease, stroke and AF in DM patients
(n=25,315, mean age: 52 years, 82.5% of males). The
risks of the mentioned cardiovascular events were simi-
lar with the use of specific SGLT2 inhibitors. However,
the database had a number of significant limitations:
there was no preliminary information on DM duration;

patients over 75 years old were excluded; there were no
data on the socio-economic status of patients [35].

It is important to note that if the antiarrhythmic
effect is indeed a result of NHE1 inhibition, then there
cannot be a significant difference in the efficacy of vari-
ous SGLT2 inhibitors, as demonstrated by Uthman L.
et al. (2018) in their study in laboratory mice [36].

Conclusion

Thus, there is no clear answer to whether SGLT2i are
efficient in reduction of the risk and improvement of
existing AF; however, there are abundant facts about the
effects of these medications on the reduction of arrhyth-
mia burden, especially in DM patients. This situation
necessitates further prospective studies.

Bknap aBTopoOB:

Bce aBTOpbI BHEC/IM CYLE@CTBEHHBbIN BKAaZ, B NOATOTOBKY paboTbl, Npoy/n
1 0406punn GUHaNLHYIO BEPCUIO CTaTbk Nepej nybankaumven

WMwmaes [.A.: cbop 1 obpaboTka MaTeprana, HanmcaHue pyKonucm
BacunbeBa M.C.: aHa/M3 M MHTeprpeTauus JaHHbIX, peAaKTUpOBaHUe
pyKonucu

Aynnskos [1.B.: paspa6oTka KOHLENUWUM U Au3aiiHa, Hay4HOe KOHCY/Ib-
TMPOBaHWe, peaKTUPOBaHWNE PYKOMUCH, YTBEPKAEHNE OKOHYATENbHOTO

BapuvaHTa CTaTbn

Author contribution:

All the authors contributed significantly to the study and the article, read
and approved the final version of the article before publication

Ishmaev D.A.: collecting and processing material, manuscript writing
Vasileva M.S.: data interpretation and analysis, editing the article
Duplyakov D.V.: concept and design development, scientific advice,

editing the article, approval of the final version of the manuscript

Cnucok autepatypsl / References:

1. Benjamin E.J., Wolf P.A., D'Agostino R.B., et al. Impact of atrial
fibrillation on the risk of death: the Framingham Heart Study.
Circulation. 1998;98(10):946-952. doi: 10.1161/01.¢ir.98.10.946.

2. Zoni-Berisso M., Lercari F., Carazza T., et al. Epidemiology
of atrial fibrillation: European perspective. Clin Epidemiol.
2014;16(6):213-220. doi: 10.2147/CLEP.S47385.

3. Mapees t0.B,, Monsakos /1.C., BuHorpagosa H.I, n gp.
3MNOXA: Snuaemnonorua pubpuanauum npeacepani
B penpeseHTaTBHO BbibopKe EBpONelickoii YacTu
Poccuiickoit degepaumuu. Kapanonorus. 2022;62(4):12-19.
doi: 10.18087/cardio.2022.4.n1997.

Mareev Yu.V., Polyakov D.S., Vinogradova N.G., et al. Epidemiology
of atrial fibrillation in a representative sample of the European

part of the Russian Federation. Analysis of EPOCH-CHF study.
Kardiologiia. 2022;62(4):12-19. doi: 10.18087/cardio.2022.4.n1997.
[In Russian]

4. Katsoularis I, Jerndal H., Kalucza S., et al. Risk of arrhythmias
following COVID-19: nationwide self-controlled case series and

21



22

REVIEW ARTICLES

The Russian Archives of Internal Medicine ® Ne 1 e 2025

10.

1.

12.

13.

14.

15.

16.

matched cohort study. Eur Heart ] Open. 2023;3(6):0ead120.

doi: 10.1093/ehjopen/oead120.

Go A.S., Hylek E.M,, Phillips K.A., et al. Prevalence of diagnosed
atrial fibrillation in adults: national implications for rhythm
management and stroke prevention: the AnTicoagulation

and Risk Factors in Atrial Fibrillation (ATRIA) Study. JAMA.
2001;285(18):2370-2375. doi: 10.1001/jama.285.18.2370.
Nieuwlaat R., Capucci A., Camm A.]., et al. European Heart
Survey Investigators. Atrial fibrillation management:

a prospective survey in ESC member countries: the Euro Heart
Survey on Atrial Fibrillation. Eur Heart ). 2005;26(22):2422-2434.
doi: 10.1093/eurheartj/ehi505.

Nabauer M., Gerth A., Limbourg T., et al. The Registry of

the German Competence NETwork on Atrial Fibrillation:

patient characteristics and initial management. Europace.
2009;11(4):423-434. doi: 10.1093/europace/eun369.

Benjamin E.J., Levy D., Vaziri S.M., et al. Independent risk

factors for atrial fibrillation in a population-based cohort.

The Framingham Heart Study. JAMA. 1994;271(11):840-844.

doi: 10.1001/jama.1994.03510350050036.

Aune D., Feng T., Schlesinger S., et al. Diabetes mellitus, blood
glucose and the risk of atrial fibrillation: A systematic review

and meta-analysis of cohort studies. ] Diabetes Complications.
2018;32(5):501-511. doi: 10.1016/j.jdiacomp.2018.02.004.

Wang A., Green J.B., Halperin J.L., et al. Atrial Fibrillation and
Diabetes Mellitus: JACC Review Topic of the Week. ] Am Coll
Cardiol. 2019;74(8):1107-1115. doi: 10.1016/].jacc.2019.07.020.
Van Gelder I.C., Rienstra M., Bunting K.V., et al. ESC Scientific
Document Group. 2024 ESC Guidelines for the management of
atrial fibrillation developed in collaboration with the European
Association for Cardio-Thoracic Surgery (EACTS). Eur Heart J.
2024:ehael76. doi: 10.1093/eurheartj/ehael76.

Zinman B., Wanner C., Lachin J.M., et al. EMPA-REG OUTCOME
Investigators. Empagliflozin, Cardiovascular Outcomes, and
Mortality in Type 2 Diabetes. N Engl ] Med. 2015;373(22):2117-2128.
doi: 10.1056/NEJMoa1504720.

Wiviott S.D., Raz |., Bonaca M.P,, et al. DECLARE-TIMI

58 Investigators. Dapagliflozin and Cardiovascular Outcomes

in Type 2 Diabetes. N Engl ] Med. 2019;380(4):347-357.

doi: 10.1056/NEJMoa1812389.

McDonagh T.A., Metra M., Adamo M., et al. ESC Scientific Document
Group. 2023 Focused Update of the 2021 ESC Guidelines for

the diagnosis and treatment of acute and chronic heart failure:
Developed by the task force for the diagnosis and treatment

of acute and chronic heart failure of the European Society of
Cardiology (ESC) With the special contribution of the Heart Failure
Association (HFA) of the ESC. Eur Heart J. 2023;44(37):3627-3639.
doi: 10.1093/eurheartj/ehad195.

Bae J.H., Park E.G., Kim S., et al. Effects of Sodium-Glucose
Cotransporter 2 Inhibitors on Renal Outcomes in Patients

with Type 2 Diabetes: A Systematic Review and Meta-Analysis

of Randomized Controlled Trials. Sci Rep. 2019;9(1): 13009.

doi: 10.1038/541598-019-49525-y.

Teo Y.H., Chia A.Z. Q., Teo Y.N., et al. The impact of sodium-glucose
cotransporter inhibitors on blood pressure: a meta-analysis and
metaregression of 111 randomized-controlled trials. ] Hypertens.
2022;40(12):2353-2372. doi: 10.1097/HJH.0000000000003280.

7.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Koshizaka M., Ishikawa K., Ishibashi R., et al. Comparing the
effects of ipragliflozin versus metformin on visceral fat reduction
and metabolic dysfunction in Japanese patients with type 2
diabetes treated with sitagliptin: A prospective, multicentre,
open-label, blinded-endpoint, randomized controlled study
(PRIME-V study). Diabetes Obes Metab. 2019;21(8):1990-1995.
doi: 10.1111/dom.13750.

. Fralick M., Chen S.K., Patorno E., et al. Assessing the Risk for Gout

With Sodium-Glucose Cotransporter-2 Inhibitors in Patients With
Type 2 Diabetes: A Population-Based Cohort Study. Ann Intern Med.
2020;172(3):186-194. doi: 10.7326/M19-2610.

. Peng X,, LiL., Zhang M., et al. Sodium-Glucose Cotransporter

2 Inhibitors Potentially Prevent Atrial Fibrillation by Ameliorating
lon Handling and Mitochondrial Dysfunction. Front Physiol.
2020;11:192. doi: 10.3389/fphys.2020.00912.

Karmazyn M., Gan X.T., Humphreys R.A., et al. The myocardial
Na(+)-H(+) exchange: structure, regulation, and its role in

heart disease. Circ Res. 1999;85(9):777-786. doi: 10.1161/01.
res.85.9.777.

Jayachandran J.V., Zipes D.P., Weksler J., et al. Role of the
Na(+)/H(+) exchanger in short-term atrial electrophysiological
remodeling. Circulation. 2000;101(15):1861-1866. doi: 10.1161/01.
cir101.15.1861.

hui Y., junzhu C., jianhua Z. Gap junction and Na+-H+ exchanger
alternations in fibrillating and failing atrium. Int J Cardiol.
2008;128(1):147-149. doi: 10.1016/j.ijcard.2007.06.070.

Jalife J., Kaur K. Atrial remodeling, fibrosis, and atrial fibrillation.
Trends Cardiovasc Med. 2015;25(6):475-484. doi: 10.1016/].
tcm.2014.12.015.

Zelniker T.A., Bonaca M.P,, Furtado R.H. M., et al. Effect

of Dapagliflozin on Atrial Fibrillation in Patients With

Type 2 Diabetes Mellitus: Insights From the DECLARE-

TIMI 58 Trial. Circulation. 2020;141(15):1227-1234.

doi: 10.1161/CIRCULATIONAHA.119.044183.

Butt J.H., Docherty K.F., Jhund P.S., et al. Dapagliflozin and

atrial fibrillation in heart failure with reduced ejection fraction:
insights from DAPA-HF. Eur ] Heart Fail. 2022;24(3):513-525.

doi: 10.1002/ejhf.2381.

Bohm M., Slawik J., Brueckmann M., et al. Efficacy of empagliflozin
on heart failure and renal outcomes in patients with atrial
fibrillation: data from the EMPA-REG OUTCOME trial. Eur ] Heart
Fail. 2020;22(1):126-135. doi: 10.1002/ejhf.1663.

Fernandes G.C., Fernandes A., Cardoso R., et al. Association of
SGLT2 inhibitors with arrhythmias and sudden cardiac death in
patients with type 2 diabetes or heart failure: A meta-analysis of
34 randomized controlled trials. Heart Rhythm. 2021;18(7):1098-
1105. doi: 10.1016/j.hrthm.2021.03.028.

Zhang H.D., Ding L., Mi L.J., et al. SGLT2 inhibitors for the prevention
of atrial fibrillation: a systemic review and meta-analysis. Eur | Prev
Cardiol. 2024; 31(7):770-779. doi: 10.1093/eurjpc/zwad356.
Villaschi A., Cesani N., Chiarito M. SGLT2 inhibitors: a therapy for
everybody but not for anything? Eur ] Prev Cardiol. 2024;31(7):768-
769. doi: 10.1093/eurjpc/zwad372.

Fichadiya A., Quinn A, AuF., et al. Association between sodium-
glucose cotransporter-2 inhibitors and arrhythmic outcomes in
patients with diabetes and pre-existing atrial fibrillation. Europace.
2024;26(3):euae054. doi: 10.1093/europace/euae054.




Apxub BHyTpeHHel MepuumHbl ® Ne 1 o 2025

OB3OPHBIE CTATbHU

31. Jang]., Park S., Kim S., et al. Clinical outcomes with the use
of sodium-glucose cotransporter-2 inhibitors in patients with
atrial fibrillation and type 2 diabetes mellitus: a multi-centre,
real-world cohort study. Eur ] Prev Cardiol. 2024;31(3):320-329.
doi: 10.1093/eurjpc/zwad322.

32. Abu-Qaoud M.R., Kumar A., Tarun T., et al. Impact of
SGLT2 Inhibitors on AF Recurrence After Catheter Ablation
in Patients With Type 2 Diabetes. JACC Clin Electrophysiol.
2023;9(10):2109-2118. doi: 10.1016/j.jacep.2023.06.008.

33. Kishima H., Mine T., Fukuhara E., et al. Efficacy of Sodium-Glucose
Cotransporter 2 Inhibitors on Outcomes After Catheter Ablation for
Atrial Fibrillation. JACC Clin Electrophysiol. 2022;8(11):1393-1404.
doi: 10.1016/j.jacep.2022.08.004.

34. LimJ., Kwak S., Choi Y.J., et al. Differing Efficacy of Dapagliflozin
Versus Empagliflozin on the Risk of Incident Atrial Fibrillation in
Patients With Type 2 Diabetes: A Real-World Observation Using
a Nationwide, Population-Based Cohort. | Am Heart Assoc.
2024;13(3):e030552. doi: 10.1161/JAHA.123.030552.

35. Suzuki Y., Kaneko H., Okada A., et al. Comparison of cardiovascular
outcomes between SGLT2 inhibitors in diabetes mellitus. Cardiovasc
Diabetol. 2022;21(1):67. doi: 10.1186/s12933-022-01508-6.

36. Uthman L., Baartscheer A., Bleijlevens B., et al. Class effects of
SGLT2 inhibitors in mouse cardiomyocytes and hearts: inhibition
of Na+/H+ exchanger, lowering of cytosolic Na+ and vasodilation.
Diabetologia. 2018;61(3):722-726. doi: 10.1007/s00125-017-4509-7.

MHpopmaums 06 aBTopax

Wwmaes JaHunn AnekcaHaposuy — cTyAeHT 5-ro kypca @I6OY BO
«CaMapCKuii rocyjapCTBeHHbIV MeMLMHCKINIA yHUBepCUTeT» MuHncTep-
cTBa 34paBooxpaHeHus Poccuiickoii ®epepauum, Camapa, e-mail: danil.
ishmaew@bk.ru, ORCID ID: http://orcid.org/0009-0002-5412-0940

Bacunbesa Mapusa CtanucnaBoBHa — Bpay-kapguonor [bY3 «Camapckuii
06/1aCTHON KNMHUYECKWIn KapAuonornyeckuii avcnancep um. B.I. Mo-
nakosa», Camapa, e-mail: masha_W@list.ru, ORCID ID: http://orcid.
org/0009-0009-3233-0104

Aynnakos AMUTpuii BukTopoBu4 — 4.M.H., npodeccop, 3aBeayroLmnii
Kadezpoii NponeseBTUYECKONM Tepanum C KypcoM kapauonorun ®rs0y
BO «CaMapckuit rocyjapCTBeHHbIN MeAULMHCKWIA yHUBepcuTeT» Mu-
HUCTepCTBa 3/paBooxpaHeHna Poccuiickoit Pegepauuu; 3amecTuTesb
r/1aBHOrO Bpaya Nno MeauLMHCKOW YacTu MbY3 «Camapckuii 06a1acTHoM
KJMHUYECKUI KapAnonornyeckuin aucnadcep uM. B.M. Monskosa», Ca-
mapa, e-mail: duplyakov@yahoo.com, ORCID ID: http://orcid.org/0000-
0002-6453-2976

Information about the authors

Daniil A. Ishmaev =] — 5th year student of the Federal State Budgetary
Educational Institution of Higher Education “Samara State Medical
University” of the Ministry of Health of the Russian Federation, Samara,
e-mail: danil.ishmaew@bk.ru, ORCID ID: http://orcid.org/0009-0002-
5412-0940

Maria S. Vasilyeva — cardiologist, State Budgetary Healthcare
Institution “Samara Regional Clinical Cardiology Dispensary named
after V.P. Polyakov", Samara, e-mail: masha_Wa@list.ru, ORCID ID: http://
orcid.org/0009-0009-3233-0104

Dmitry V. Duplyakov — MD, PhD, Professor, Head of the Department of
Propaedeutic Therapy with a Course in Cardiology, Samara State Medical
University of the Ministry of Health of the Russian Federation; Deputy
Chief Physician for Medical Affairs, Samara Regional Clinical Cardiology
Dispensary named after V.P. Polyakov, Samara, e-mail: duplyakov@
yahoo.com, ORCID ID: http://orcid.org/0000-0002-6453-2976

ABTOp, OTBeTCTBeHHbIN 3a nepenucky / Corresponding author

23



