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Background: Type 2 diabetes mellitus (T2D) and heart failure (HF) are closely related to the increased 
risk of atrial fibrillation (AF)/atrial flutter (AFL). However, massive clinical studies have shown that sodium 
glucose cotransporter 2 inhibitor (SGLT2i) affects the occurrence of AF/AFL and its complications, but the 
promoting or inhibitory effect of SGLT2i on AF/AFL and its complications and the exact probability is not 
clear, meta-analysis can combine the existing research data to easily solve the clinical problems.
Methods: We performed a search in the registers of ClinicalTrials.gov from it,s inception to March 2021 
to evaluate the occurrence of AF/AFL adverse events in SGLT2i in patients with T2D/HF. Almost all of the 
included studies were double-blind parallel allocation randomized controlled studies, and only one was open. 
The control groups all included placebo, some of which also included glimepiride, metformin, liraglutide, 
etc. Quality risk assessment of the included randomized controlled trials (RCTs) was conducted using 
Cochrane RoB 2.0., and the publication bias assessment was conducted using STATA 17.0. The odds ratio 
(OR) combined effect of 95% confidence interval (CI) was used for bivariate variables. 
Results: We included data from 22 confirmed trials that included 52,951 T2D/HF patients. The studies 
had no risk of bias. Analysis of the cumulative results showed that compared with placebo, SGLT2i can 
significantly reduce the incidence of AF/AFL by 18% (OR =0.82, 95% CI: 0.73 to 0.93, P=0.002), and 
reduce the incidence of arrhythmia by 14% (OR =0.86, 95% CI: 0.79 to 0.94, P=0.0006); among them, the 
incidence of AF/AFL in T2D patients was reduced by 20% (OR =0.80, 95% CI: 0.69 to 0.92, P=0.002); 
Dapagliflozin reduced the incidence of AF/AFL by 15% (OR =0.85, 95% CI: 0.74 to 0.98, P=0.03); the 
incidence of intracardiac thrombosis decreased by 69% (OR =0.31, 95% CI: 0.10 to 0.91, P=0.03), while the 
incidence of AF/AFL in women decreased by 17% (OR =0.83, 95% CI: 0.72 to 0.94, P=0.004). 
Discussion: This article provides a new direction for the use of SGLT2i, and hopefully it can provide 
certain theoretical basis for the broader clinical indications of SGLT2i in the future.
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Introduction

Atrial fibrillation/atrial flutter (AF/AFL) is the most 
common persistent arrhythmia. It currently affects 33 
million people worldwide, and its incidence is expected 
to double in the next 40 years. For AF/AFL patients, 
premature mortality is increased by a factor of 2, and the 
risk of serious cardiovascular adverse events increases 
significantly (1). Type 2 diabetes mellitus (T2D) is an 
independent risk factor of AF/AFL, and the existence 
of T2D in AF/AFL is closely related to the aggravation 
of symptoms, the risk of stroke and embolism, and the 
increase of cardiovascular and cerebrovascular mortality 
(2,3). Therefore, the prevention and treatment of diabetes 
is of great significance to the control of AF. Sodium glucose 
cotransporter 2 inhibitors (SGLT2i) are a new type of oral 
hypoglycemic drug, which have been clearly highlighted 
in several large placebo-controlled randomized controlled 
trials (RCT) and meta-analyses: SGLT2i can potentially 
reduce heart failure (HF) and all-cause mortality, whether 
it is combined with T2D or not (4-7). However, some 
controversy remains regarding the difference of AF/AFL 
in T2D or HF patients, and the potential mechanism 
of SGLT2i may be the potential diuretic effect on 
myocardium and its influence on myocardial metabolism (8).  
A large-scale RCT, DECLARE-TIMI58, showed that 
dapagliflozin can reduce the incidence of AF/AFL adverse 
events in T2D patients with high risk, and this effect is 
consistent regardless of the patients' previous history of 
AF, atherosclerotic cardiovascular disease, or HF (9). For 
example, large randomized controlled studies such as 
DAPA-HF, CEREDENCE and EMPERIAL reported that 
the number of events in AF/AFL in SGLT2i intervention 
group decreased compared with the control group, but the 
research data of VERTIS CV and CAVAS showed that the 
number of events in AF/AFL in SGLT2i intervention group 
increased compared with the control group. This may be 
related to the sample size of the study, the follow-up time, 
and the number of patients lost to follow-up. The meta-
analysis combined a large number of data to evaluate the 
consistency of the research results, so as to make systematic 
evaluation and summary, and proposed some new research 
questions, to point out the direction for further research. 
At the same time, the reliability of the results can be 
improved by measuring the accuracy of the efficacy and 
effect value of the clinical experimental studies of small 
samples. Therefore, we used meta analysis study the effect 
of SGLT2i on the occurrence and progression of AF/AFL 

in T2D/HF patients to play an important guiding role in 
the clinical diagnosis and treatment of AF complicated with 
T2D/HF. We located RCTs with available results to further 
evaluate the occurrence and progression of AF/AFL in 
T2D or HF patients and its differences according to age or 
gender. We present the following article in accordance with 
the PRISMA reporting checklist (available at https://jtd.
amegroups.com/article/view/10.21037/jtd-22-550/rc).

Methods

Inclusion and exclusion criteria

Research type
The research type was required to be RCT, open or double-
blind trial, with a clear control group, the trial had been 
completed, and complete research results were available.

Participants
Patients aged 18 and over with T2D or HF were included, 
and patients with a short expected survival time such as 
those with type 1 diabetes, cardiogenic shock, severe liver 
and kidney damage, severe immune diseases, and malignant 
tumors were excluded.

Intervention measure
(I)	 Experimental group: a certain dose of SGLT2i was 

taken orally with or without other basic drugs.
(II)	 Control group: the dose of the experimental group 

was matched with the same dose of placebo or other 
drugs, with or without other basic drugs.

Outcome indicator
The main outcome measures were as follows: (I) incidence 
of AF/AFL; (II) cerebral infarction/infarction; (III) atrial/
ventricular thrombosis; (IV) arterial thrombosis/embolism.
Secondary outcome indicators included the following: (I) 
arrhythmia or tachycardia; (II) ventricular tachycardia or 
supraventricular tachycardia; (III) palpitation; (IV) other 
arrhythmia.

Exclusion criteria
The exclusion cr i ter ia  were as  fol lows:  repeated 
experimental research and overlapping data, duplicate 
published research and literature; documents with 
incomplete data or data which could not be extracted; 
comparison of hypoglycemic effect of non-RCT or SGLT2i 
combined with other drugs; research and literature in which 

https://jtd.amegroups.com/article/view/10.21037/jtd-22-550/rc
https://jtd.amegroups.com/article/view/10.21037/jtd-22-550/rc
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the population does not meet the inclusion criteria; and 
research and literature on the failure of outcome indicators.

Information sources

The retrieval time was preset to 1 March, 2021. A 
computer search was conducted by 2 researchers in the 
Chinese Clinical Trial Registry website and ClinicalTrials.
gov registration website, respectively, and they collected 
RCTs and articles involving patients who used SGLT2i to 
treat T2D and reported arrhythmia adverse events mainly 
including AF/AFL. The English-language keywords 
included the following: sodium glucose co transporter 
2 inhibitors; type 2 diabetes; arrhythmology; atrial 
fibrillation/flutter; randomized controlled trial, and so on. 
The Chinese-language keywords included the following: 
sodium-glucose cotransporter 2 inhibitor; type 2 diabetes; 
arrhythmia; atrial fibrillation/atrial flutter; randomized 
controlled study, and so on. The search strategy was as 
follows: (Sodium-glucose cotransporter 2 inhibitors OR 
Dapagliflozin OR Empagliflozin OR Canagliflozin OR 
Ertugliflozin) AND Type 2 diabetes AND Randomized 
control led tr ia l  AND (Arrhythmology OR Atrial 
fibrillation/flutter).

Selection process and data extraction

The tasks of independent of screening research, literature, 
assessment and inclusion of research, literature, and 
extraction of required data were completed independently 
by 2 researchers in turn, who then made relevant tables, and 
finally cross-checked between themselves repeatedly. When 
screening documents, the types and titles of documents 
were read first, followed by the abstracts and full texts to 
judge whether the outcome indicators were included or 
not. The contents of selection data extraction included the 
following: (I) basic information features of included research 
and literature were as follows: research topic, national 
clinical trial (NCT) registration number, years, sample size, 
average age, basic diseases of included population, gender, 
intervention drugs, control group drugs, and follow-up 
time. (II) The key factors needed to evaluate the risk of 
literature bias; (III) required outcome index data.

Bias risk assessment included in the study

When evaluating the bias risk, we referred to the bias 

risk evaluation tool of RCTs recommended by Cochrane 
Handbook for Systematic Reviews of Intervention 5.1.0 
(The Cochrane Collaboration, Copenhagen, Denmark, 
2011). Two researchers worked independently and assessed 
the quality of included RCTs using Cochrane RoB 2.0. for 
assessing the risk of bias. This tool assesses randomization, 
allocation concealment, blinding, incomplete outcome 
data and selective reporting. Each of domains is rated as 
having a high-, moderate- or low-risk of bias. Publication 
bias was also qualitatively detected by drawing funnel plots. 
The asymmetry on both sides may have a publication bias. 
Further quantitative detection using harbord’s and begg’s 
test through STATA 17.0. If P>0.05 indicates no obvious 
publication bias, otherwise there is a publication bias.

Statistical analysis

All the above-mentioned data obtained are classified 
variables, without continuous variables or grade variables. 
After consultation between 2 researchers, OR was used 
as the effect analysis statistic. The effects were estimated 
by interval,  and 95% CI was provided by default. 
Hypothesis testing was conducted to judge whether 
an effect was statistically significant according to the P 
value. The significance level of meta-analysis was set at 
α=0.05. The acquired data were statistically analyzed by 
RevMan 5.3 software (Nordic Cochrane Center, The 
Cochrane Collaboration, Copenhagen, Denmark, 2014), 
and a forest map was drawn. The heterogeneity analysis 
included in the research results adopting the Q test, and 
the test standard was set at α=0.1. At the same time, the 
heterogeneity was quantitatively judged by I2 value. If there 
was no statistical heterogeneity among the research results 
(assuming I2<50%), the fixed effects model was used for 
meta-analysis. If there was statistical heterogeneity among 
the research results (assuming I2≥50%), it was necessary 
to analyze the source of heterogeneity, exclude obvious 
clinical heterogeneity and methodological heterogeneity, 
and then use the random effects model for meta-analysis. If 
obvious clinical heterogeneity was found, subgroup analysis 
or sensitivity analysis could be used for further evaluation, 
or the merger was cancelled and descriptive analysis was 
conducted. In subgroup analysis, the data were analyzed 
with the same statistical effects model. Finally, painting 
the Galbraith plot by STATA 17.0 to further evaluate the 
heterogeneity of the primary outcomes. The sensitivity 
analysis of the main outcome was performed by eliminating 
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it one by one to evaluate the reliability of the results.

Results

Study selection

Through the above process, a computer network search 
was conducted for related research, followed by discussion 
and sorting of the retrieved articles. A total of 857 related 
studies were obtained in the initial examination. After 
screening layer by layer, 22 studies were finally included in 
the quantitative analysis, with a total of 52,951 participants. 
The specific screening process and results included in the 
literature are displayed in Figure 1.  

Study characteristics

After discussion between 2 researchers, the general 
characteristic data (Table 1) and the bias risk evaluation 
results (Figures 2,3) included in the analysis were 

summarized. It shows an overall low risk in the individual 
studies.

Incidence of AF/AFL and supraventricular tachycardia or 
ventricular tachycardia

A total of 22 RCTs that mentioned AF/AFL occurring in 
patients with T2D or HF were included in heterogeneity 
analysis. Using the fixed effects model, OR =0.82, 95% 
CI: 0.73 to 0.93, and P=0.002, and the difference was 
statistically significant. It was suggested that the incidence 
of AF/AFL in the SGLT2i group was 18% lower than that 
in the placebo group, which indicated an obvious protective 
effect. A total of 10 RCTs mentioned that supraventricular 
tachycardia or ventricular tachycardia occurred during 
medication. The heterogeneity of the results was analyzed 
by I2 as 23%. Using the fixed effects model, the results 
showed that OR =0.83, 95% CI: 0.61 to 1.12, and P=0.21, 
the difference was not statistically significant (Figure 4).  

Records identified from*:
  • Registers (n=857)

Records removed before 
screening:
  • Duplicate records removed (n=0)
  • Records marked as ineligible 
     by automation tools (n=0)
  • Records removed for other 
     reasons (n=0)

Records excluded**
  • Reason: type1 diabetes or other 
     diseases and the results of NCT not 
     completed (n=761)

Records screened
(n=857)

Reports sought for retrieval
(n=96)

Reports assessed for eligibility
(n=96)

Reports not retrieved
(n=0)

Reports excluded:
  • Reason 1 (n=62): no AF/AFL 
     in outcome;
  • Reason 2 (n=12): others

Studies included in review
(n=22)

In
cl

ud
ed

Id
en

tif
ic

at
io

n
S

cr
ee

ni
ng

Identification of studies via registers

Figure 1 Literature screening process and inclusion results. *, consider, if feasible to do so, reporting the number of records identified from each 
database or register searched (rather than the total number across all databases/registers); **, if automation tools were used, indicate how many records 
were excluded by a human and how many were excluded by automation tools. NCT, national clinical trial; AF/AFL, atrial fibrillation/atrial flutter. 
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Galbraith plot suggests the symmetrical distribution of the 
studies on both sides of the regression line and suggests no 
significant heterogeneity (Figure S1).

Incidence of arrhythmia

A total of 22 RCT mentioned the adverse events of arrhythmia 
in patients with T2D or HF during medication. The 
heterogeneity analysis of the results showed that the I2 was 0% 
and the Q test showed P>0.05. Using the fixed effects model, 
the OR =0.86, 95% CI: 0.79 to 0.94, and P=0.0006, and the 
difference was statistically significant. The results showed that 
the incidence of arrhythmia in the SGLT2i group was 14% 
lower than that in the control group (Figure 5).

Incidence of cerebral infarction, intracardiac thrombosis, 
and arterial thrombosis

A total of 14 RCTs mentioned that patients had cerebral 

infarction during medication, and the results were analyzed 
by heterogeneity, whereby I2 was 10%. Using the fixed 
effects model, the OR =1.02, 95% CI: 0.80 to 1.28, and 
P=0.89, the difference was not statistically significant. A 
total of 5 RCTs mentioned the occurrence of intracardiac 
thrombosis during the course of medication, and the 
heterogeneity of the results was analyzed. Using the fixed 
effects model, the results showed that OR =0.31, 95% CI: 
0.10 to 0.91, and P=0.03, which was statistically significant, 
suggesting that the incidence of intracardiac thrombosis in 
the SGLT2i group was significantly lower than that in the 
placebo group. A total of 6 RCTs mentioned the occurrence 
of arterial thrombosis in the course of medication, and the 
heterogeneity of the results was analyzed. Using the fixed 
effects model, OR =0.78 ,95% CI: 0.43 to 1.44, and P=0.43, 
the difference was not statistically significant (Figure 6). 
Galbraith plot suggests the symmetrical distribution of the 
studies on both sides of the regression line and suggests no 
significant heterogeneity (Figure S2).

Figure 2 Summary map of research bias. Red, high risk for bias; Yellow, unclear risk for bias; Green, low risk for bias. AF/AFL, atrial 
fibrillation/atrial flutter. 
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Figure 3 Study bias bar chart.

Figure 4 Forest map of AF/AFL, incidence of supraventricular or ventricular tachycardia. AF/AFL, atrial fibrillation/atrial flutter; CI, 
confidence interval.
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Figure 5 Forest map of the incidence of arrhythmia. CI, confidence interval.

Comparison of the incidence of AF/AFL among different 
kinds of SGLT2i drugs

A total of 2 RCTs used ertugliflozin as they type of SGLT2i 
intervention drug. The heterogeneity analysis of the results 
showed that I2=58% (>50%). Using the random effects 
model, OR =0.57, 95% CI: 0.11 to 2.88, and P=0.50, and the 
difference was not statistically significant. A total of 8 RCTs 
used canagliflozin as they type of SGLT2i intervention 
drug. The heterogeneity of the results was analyzed, 
which showed that OR =0.87, 95% CI: 0.75 to 1.00, and 
P=0.05were not statistically significant. A total of 5 RCTs 
used dapagliflozin as they type of SGLT2i intervention 
drug. The results revealed OR =0.85, 95% CI: 0.74 to 0.98, 
and P=0.03, and the difference was statistically significant. It 
was suggested that the incidence of AF/AFL in the SGLT2i 
group was 15% lower than that in the placebo group, 
and there was a significant difference. A total of 7 RCTs 
used the SGLT2i intervention drug of empagliflozin. The 
results showed that OR=0.81, 95% CI: 0.36 to 1.83, and 
P=0.62, which was not statistically significant. In summary, 
it was suggested that the use of SGLT2i intervention drug 
dapagliflozin can reduce the incidence of AF/AFL by 15%, 
which has a significant protective effect, while ertugliflozin, 
canagliflozin, and empagliflozin have no significant effect 
on reducing the incidence of AF/AFL (Figure 7).

Disease differences in the incidence of AF/AFL

A total of 17 RCTs mentioned the AF/AFL rate of patients 
with T2D. The analysis of the results showed that OR 
=0.80, 95% CI: 0.69 to 0.92, and P=0.002 were measured 
by using the fixed effects model, and the difference was 
statistically significant. It was suggested that in T2D, the 
incidence of AF/AFL in the SGLT2i group was reduced by 
20% compared with the control group, which was an obvious 
protective effect. A total of 5 RCTs which mentioned the 
incidence of AF/AFL in patients with HF were analyzed 
for heterogeneity. Using the fixed effects model, the results 
showed that OR =0.94, 95% CI: 0.72 to 1.24, P=0.67, the 
difference was not statistically significant, further analysis 
in patients with heart failure with reduced ejection fraction 
(HFrEF), the difference was not statistically significant 
(Figure 8).   

Age difference in the incidence of AF/AFL

A total of 14 RCTs included patients with AF/AFL who 
were younger than 65 years old. Of these, 13 studies were 
excluded due to large bias. The heterogeneity of the results 
was analyzed using a fixed effects model. The results 
showed that OR =0.91, 95% CI: 0.79 to 1.05, and P=0.19 
were measured, and the difference was not statistically 
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significant. A total of 8 RCTs included AF/AFL patients 
aged over 65 years. The results of heterogeneity analysis 
yielded I2%=0%, so the fixed effects model was used, which 
revealed OR =0.89, 95% CI: 0.74 to 1.06, P=0.18. The 
difference was not statistically significant, suggesting that 
SGLT2i has no significant age difference in the incidence of 
AF/AFL in patients with T2D (Figure 9).

Gender differences in the incidence of AF/AFL

The AF/AFL patients were predominantly male in  
17 studies, the results of heterogeneity analysis, I2%=0%, 
using a fixed effects model, measured OR =0.92, 95% CI: 
0.81  to 1.04, P=0.19, the difference was not statistically 
significant. The AF/AFL patients were predominantly 
female in 5 studies, the heterogeneity analysis of the 

results, I2%=0%, using the fixed effect model, measured 
OR =0.83, 95% CI: 0.72 to 0.94, P=0.004, the difference 
was statistically significant, suggesting that the incidence of 
AF/AFL in female patients in the SGLT2i group was 17% 
lower than that in the placebo group, which had obvious 
protective effect. To sum up, it was suggested that the 
protective effect of SGLT2i on the incidence of AF/AFL in 
female patients was better than that in male patients, and 
there was a significant gender difference (Figure 10). 

Sensitivity analysis

Sensitivity analysis was carried out according to the efficacy 
indexes of drugs (incidence of arrhythmia, AF/AFL, 
supraventricular tachycardia and ventricular tachycardia, 
cerebral infarction, intracardiac thrombus and arterial 

Figure 6 Forest map of cerebral infarction, intracardiac thrombosis and arterial thrombosis. CI, confidence interval.
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thrombosis, drug type, disease, gender, and age difference). 
The effectiveness index results did not change significantly, 
suggesting that the results were stable.

Reporting biases

According to the outcome of AF/AFL and its complications, 
a funnel chart (Figure 8) was drawn using RevMan 5.3 
software to qualitatively test the publication bias. The 
results showed that the left and right distribution of each 
study point was basically symmetrical, and they were all 
in the area surrounded by 2 diagonal lines. It notes that 
the included studies were no publication bias, supporting 
the reliability of the results. Further analysis, AF/AFL 

as the outcome index is symmetrical distributed on both 
sides of the funnel, and more top studies, supporting 
the effectiveness of SGLT2i in patients with T2D/HF, 
while the treatment of intracardiac thrombosis/arterial 
thrombosis distribution on left sides of the funnel map, and 
a considerable number of studies focused on the bottom of 
the funnel, indicating that such studies maybe limited to 
small samples and tend to publish positive results, which 
requires large samples to further prove the reliability of 
the results (Figures 11,12). Quantitative test of publication 
bias for outcome of AF/AFL and its complications using 
STATA 17.0 software. For AF/AFL outcome, Harbord 
test suggested no small study: z=−0.15, P=0.8798>0.05, 
begg test suggested: z=−1.25, P=0.2239>0.05, all showed 

Figure 7 Comparison of the incidence of AF/AFL among different kinds of SGLT2i drugs forest map. AF/AFL, atrial fibrillation/atrial 
flutter; CI, confidence interval; SGLT2i, sodium glucose cotransporter 2 inhibitors.
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Figure 8 Comparison of AF/AFL incidence of different diseases in forest map. AF/AFL, atrial fibrillation/atrial flutter; CI, confidence 
interval.

no publication bias.  For the outcome of AF/AFL 
complications, Harbord test suggested no small study: 
z=−0.15, P=0.1323>0.05, begg test suggested: z=−0.91, 
P=0.3875>0.05, all indicating that there is no publication 
bias. It supports the reliability of the study findings.

Discussion

As a new type of hypoglycemic drug, SGLT2i acts through 
renal tubular sodium-glucose symporter and has shown 
great benefits in reducing blood glucose through osmotic 
diuresis, especially in T2D patients. However, mounting 
studies have found that SGLT2i has a huge beneficial effect 
on cardiovascular disease, especially HF (32,33), but there 
have been few studies on the impact of AF/AFL and its 
complications, and there have been no clinical trials on 
patients with AF/AFL. After retrieval of current studies of 
SGLT2i on T2D and HF patients, meta-analysis showed 
that the incidence of AF/AFL and intracardiac thrombosis 
in patients treated with SGLT2i were significantly lower 

than those in placebo groups; the incidence of AF/AFL 
decreased by 18%, and the rate of intracardiac thrombus 
formation decreased by 69%. Among them, the protective 
effect of dapagliflozin on T2D female patients was more 
obvious, and there was no significant age difference in its 
protective effect. The difference was statistically significant. 
Conversely, empagliflozin, canagliflozin, and ertugliflozin 
exerted no significant protective effects on the incidence of 
AF/AFL, stroke and arterial thrombosis in men with HF, 
and had no significant protective effects on supraventricular 
and ventricular tachycardia, but they had obvious protective 
effects on global arrhythmias including slow arrhythmias. 
Therefore, they had significant protective effects for other 
arrhythmias. In particular, the role of slow arrhythmia 
still requires further exploration. From the results of 
heterogeneity testing, the above analysis basically had no 
obvious heterogeneity, which shows that the current results 
are reliable.

Previously, a meta-analysis of the incidence of AF/AFL 
in T2D patients conducted by Li et al. found that regardless 
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of age, body weight, glycosylated hemoglobin (HbA1c), 
and baseline systolic blood pressure, SGLT2i may give 
specific AF/AFL reduction benefits in T2D susceptible 
people, with a reduction rate of up to 24% (34). The 
benefits of this reduction in AF/AFL may be partly due to 
the pharmacological effects of reducing the incidence of 
HbA1c, weight, blood pressure, and HF. However, there 
was no further detailed discussion on the reduction rate 
of AF/AFL complications and its differences according to 
gender and age, it was only revealed that it has no obvious 
protective effect on cerebrovascular events, and the curative 
effect of dapagliflozin is significant, which is consistent 
with the results of this meta-analysis. However, the reason 
for the inconsistent incidence of AF/AFL may be that the 
meta-analysis included not only T2D patients but also HF 
patients, which yielded an AF/AFL rate of 18%. Further 
subgroup analysis showed that the combined incidence of 
AF/AFL in 17 studies (including the latest study and further 
evaluation of quality) could be reduced by 20%. There was 
a certain difference between the two. In addition, Li et al.’s 
research on the incidence of AF/AFL was limited to T2D 
patients, and its differential role in HF patients was not 

further explored. This study complements this limitation 
and finds that it does not show the same effect on the 
incidence of AF/AFL in patients with HF as in T2D, and 
its reduction is not statistically significant, but the current 
research on the effectiveness and safety of SGLT2i in 
patients with HF is limited, so its protective effect needs to 
be verified by further research.

As a hypoglycemic drug, the mechanism of SGLT2i 
reducing the incidence of AF/AFL may be related to atrial 
fibrosis and cardiac remodeling. On the one hand, increased 
glucose excretion will essentially lead to additional osmotic 
diuresis, which will lead to lower arterial blood pressure, 
delay myocardial structural remodeling, and then lead 
to atrial fibrosis (35). On the other hand, in the case of 
diuresis, the loss of glucose in urine may help to lose weight 
and maintain it for a prolonged period, thereby reducing 
the progress of cardiac remodeling (36). In addition, this 
study further analyzed the effect of SGLT2i on myocardial 
ischemia and found that SGLT2i can significantly improve 
myocardial ischemia and coronary artery ischemia. 
Long-term myocardial ischemia is closely related to 
the occurrence of arrhythmias and cardiac structural 

Figure 9 Forest map of age difference in the incidence of AF/AFL. AF/AFL, atrial fibrillation/atrial flutter; CI, confidence interval.
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Figure 10 Forest map of gender differences in the incidence of AF/AFL. AF/AFL, atrial fibrillation/atrial flutter; CI, confidence interval.
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Figure 12 Funnel rate of CI, intracardiac thrombosis, and arterial 
thrombosis. CI, cerebral infarction; OR, odds ratio.

remodeling, which may further explain the mechanism of 
SGLT2i improving the incidence of AF/AFL, but further 
research is still needed.

The meta-analysis further revealed that SGLT2i 
can significantly reduce the incidence of intracardiac 

thrombosis, but has a poor effect on cerebral infarction 
and arterial thrombosis. The mechanism may be related 
to SGLT2i reducing the incidence of AF/AFL and 
arrhythmia in patients with T2D/HF. The study found 
that 99% of thromboses in patients with non-valvular 
AF came from the left atrial appendage. The mechanism 
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can be explained by the fact that AF itself enhances the 
coagulation cascade, impairing platelet reactivity and 
fibrinolysis, and these processes are magnified along with 
pre-existing complications. Secondly, structural changes 
such as atrial fibrosis and endothelial dysfunction are 
related to the development of AF, which promotes further 
atrial remodeling, thus providing a suitable platform for 
clot formation and subsequent embolism (37). However, 
SGLT2i is not effective in the treatment of cerebral 
infarction or arterial thrombosis, which may be because 
the formation mechanism of cerebral infarction or arterial 
thrombosis is related to intracardiac thrombosis.

The meta-analysis found that the curative effect of 
female patients with SGLT2i was better than that of men. 
Medicare data show that 55% of cases of AF in 2007 were 
female (38). Westerman et al. reported that there are great 
gender differences in the occurrence of AF (39). The 
pathogenesis, etiology, and response to treatment of AF are 
different between women and men, and the risk of stroke 
is significantly higher for women than men. At the same 
time, as a risk factor, the congestive HF, hypertension, age 
≥75 (doubled), diabetes, stroke (doubled), vascular disease, 
age 65–74, and gender category (female) (CHA2DS2-
VASC) score of women was 1 point higher than that of men, 
suggesting that the incidence of thrombosis in women with 
AF was significantly higher than that in men. The use of 
SGLT2i can significantly improve the incidence of female 
AF/AFL and provide important reference value for future 
clinical research.

SGLT2i has been shown to reduce the risk of HF events 
for patients with T2D or at high risk of cardiovascular 
disease. The United States Food and Drug Administration 
has expanded the regulatory labels of empagliflozin to 
reduce cardiovascular risk in patients with T2D and 
cardiovascular disease. The inclusion of SGLT2i in people 
without diabetes is being actively studied in the context of 
the treatment of HF patients. Although there is cumulative 
data to support such treatments, cardiologists’ infrequent 
use of SGLT2i may be due to a lack of familiarity (40). 
At the same time, China also approved SGLT2i for T2D 
combined with HF, but the same problems exist with the 
use of SGLT2i. Continuing to strengthen the research on 
SGLT2i will benefit more clinical T2D/HF or AF/AFL 
patients.

Overall, SGLT2i can effectively reduce the risk of AF/
AFL and intracardiac thrombosis in T2D patients, so 
the use of SGLT2i in T2D patients should be considered 
to prevent the occurrence of AF/AFL and intracardiac 

thrombosis, and there are significant gender differences. 
However, whether it can improve the risk of AF/AFL 
in patients with HF requires many large-scale placebo-
controlled trials in the HF population to clarify whether 
SGLT2i shows beneficial effects in reducing arrhythmias 
such as AF/AFL and tachycardia.

The shortcomings and limitations of this study were as 
follows: there was a significant relationship between the 
occurrence of AF/AFL and age, but the meta-analysis did 
not reveal that there is a significant age difference in the 
reduction of AF/AFL incidence by SGLT2i. Whether this 
was related to the lack of inclusion in the study or the need 
for more detailed gender stratification needs to be verified 
by further analysis. At present, the number of studies on 
SGLT2i in patients with HF is limited, and further studies 
are needed to explore the role of SGLT2i in patients with 
HF. In the study on the efficacy of SGLT2i in patients with 
T2D, part of the control group was not a placebo control, 
which may have affected the results of the study to some 
extent. The safety of SGLT2i treatment was not further 
analyzed, which needs to be explored in future.

Conclusions

This meta-analysis found that SGLT2i, as a new oral 
hypoglycemic drug, has a good effect not only on HF 
patients, but also on the incidence of AF/AFL in T2D 
patients, which can be reduced by 20%. The incidence of 
intracardiac thrombosis decreased by 69%. Among the types 
of SGLT2i, the effect of dapagliflozin is better than that of 
empagliflozin, cagagliflozin, and ertugliflozin, and the effect 
is better for females than males. However, due to the limited 
statistical data, it was found that the effect of taking SGLT2i 
is similar in the elderly and young people. Conversely, 
SGLT2i has no significant effect on the incidence of AF/
AFL in patients with HF, but a large number of studies have 
shown that SGLT2i has a significant effect on patients with 
HF, whether it is HFrEF or heart failure with preserved 
ejection fraction (HFpEF), the conclusion remains to be 
further verified. This study will provide some guidance for 
the clinical use of SGLT2i. With the gradual deepening of 
SGLT2i research and widespread clinical use, it will play a 
more extensive value in the cardiovascular field.
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Supplementary

Figure S1 Galbraith plot of AF/AFL, incidence of supraventricular 
or ventricular tachycardia.CI, confidence interval.

Figure S2 supplement Galbraith plot of cerebral infarction, 
intracardiac thrombosis and arterial thrombosis.CI, confidence 
interval. 


