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Abstract

Background: Although a few meta-analyses were conducted to compare the risk of incident atrial fibrillation (AF)
between sodium-glucose cotransporter-2 inhibitor (SGLT2i), glucagon-like peptide-1 receptor agonists (GLP-1RA), and
other anti-hyperglycemic agents using indirect or direct comparison, the above analyses showed conflicting results
with each other. We aimed to evaluate the risk of new-onset AF associated with the use of SGLT2i, GLP-1RA, and
dipeptidyl peptidase-4 inhibitor (DPP4i) among a large longitudinal cohort of diabetic patients.

Methods: In this nationwide retrospective cohort study based on the Taiwan National Health Insurance Research
Database, a total of 344,893, 44,370, and 393,100 consecutive patients with type 2 diabetes without preexisting AF
receiving GLP-1RA, SGLT2i, and DPP4i, respectively, were enrolled from May 1, 2016, to December 31, 2019. We used
1:1 propensity score matching (PSM) to balance covariates across paired study groups. Patients were followed from
the drug index date until the occurrence of AF, death, discontinuation of the index drug, or the end of the study
period (December 31, 2020), whichever occurred first.

Results: After PSM, there were 245,442, 43,682, and 39,190 paired cohorts of SGLT2i-DPP4i, SGLT2i-GLP-1RA, and GLP-
TRA-DPP4i, respectively. SGLT2i treatment was associated with lower risk of new-onset AF in participants with type

2 diabetes compared with either DPP4i [hazard ratio (HR):0.90; 95% confidential interval (Cl) 0.84-0.96; P=0.0028] or
GLP-1RA [HR 0.74; 95% Cl 0.63-0.88; P=0.0007] treatment after PSM. There was no difference in the risk of incident

AF between GLP-1RA and DPP4i users [HR 1.01; 95% Cl 0.86-1.19; P=0.8980]. The above findings persisted among
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with DPP4i (P interaction =0.02).

patients with type 2 diabetes.

several important subgroups. Dapagliflozin was specifically associated with a lower risk of new-onset AF compared
Conclusions: Compared with DPP4i, SGLT2i but not GLP-1RA was associated with a lower risk of incident AF in
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Background

Type 2 diabetes mellitus and atrial fibrillation (AF) rep-
resent common chronic clinical disease burdens and
the ever-aging population globally [1]. Furthermore,
diabetes is closely related to AF, and their coexistence is
associated with substantial risks of adverse cardiovas-
cular events, hospitalization for heart failure, morbid-
ity, and mortality [1-4]. Diabetes itself also has a causal
relationship with AF, being an independent risk factor
for the development of incident AF [5, 6]. The underly-
ing pathogenic mechanisms of the development of AF in
diabetes include electrical-electromechanical, structural
and autonomic remodeling, forming the substrate for AF
development and maintenance [1]. Insulin resistance or
obesity, even without overt diabetes (e.g., glycated hemo-
globin levels<6.5%), is associated with a proinflamma-
tory state, atrial dilatation, pericardial fat accumulation,
and autonomic dysfunction are all known to increase
the risk of AF [1, 6, 7]. Furthermore, ischemic cerebro-
vascular and cardiovascular disease and heart failure
(HF) can increase the risk for the development of AF in
several ways [8, 9]. Therefore, glucose-lowering agents
that lead to loss of body weight, improvement of insulin
resistance, and cardiovascular outcomes may be associ-
ated with decreased risk of incident AF. Clinical studies
have reported that both sodium-glucose cotransporter-2
inhibitors (SGLT2i) and glucagon-like peptide-1 recep-
tor agonists (GLP-1RA) reduce body weight and risks
of major adverse cardiovascular events (MACE) and/
or hospitalization for HF in patients with type 2 diabe-
tes [10-18]. On the other hand, dipeptidyl peptidase-4
inhibitors (DPP4i) are generally safe and well-tolerated
glucose-lowering agents that have been associated with
a significant reduction in blood pressure and do not
increase body weight [18-21]. Although several animal
and pre-clinical studies demonstrated a cardioprotective
effect of DPP4i [22, 23], these have not been clearly trans-
lated into clinically significant results in landmark cardio-
vascular outcome trials [19]. Also, whether these drugs
are associated with a lower risk of AF remains unclear.
Recent meta-analyses comparing the risk of incident
atrial fibrillation (AF) between users of SGLT2i, GLP1-
RA, and placebo (DPP4i and other anti-hypoglycemic
agents) have shown conflicting results [24-29]. Some

analyses have indicated that DPP4i treatment was asso-
ciated with a higher risk for atrial arrhythmias [29, 30].
To date, a direct comparison between SGLT2i, GLP-1RA,
and DPP4i regarding the risk of incident AF has not been
conducted. We, therefore, aimed to investigate the risk of
new-onset incident AF between DPP4i, GLP-1RA, and
SGLT2i users using direct head-to-head comparisons,
specifically focused on the Asian population with type 2
diabetes, in a large real-world setting.

Methods

Database

We performed a nationwide retrospective cohort study
using the Taiwan National Health Insurance Research
Database (NHIRD), which contains detailed health-
care information for more than 23 million enrollees
with a>99% coverage rate of residents of Taiwan [31].
Informed consent was waived in the present study
because the original identification number of each
patient in the NHIRD had been encrypted and de-iden-
tified to protect their privacy. The study was approved by
the Institutional Review Board of the Chang Gung Medi-
cal Foundation (201801427B0, and 201802075B0). The
interpretation and conclusions contained herein do not
represent the position of Chang Gung Memorial Hospi-
tal or the National Health Insurance Administration in
Taiwan.

Study cohort

The study identified a total of 2,826,059 patients with
type 2 diabetes diagnosed using the International Clas-
sification of Diseases (ninth revision) Clinical Modifica-
tion (ICD-10-CM codes (E10.0, E10.1, E10.9, E11.0, E11.1,
and E11.9) between January 1, 2010, and December 31,
2019. Because the SGLT2i was the latest drug approval
(May 1, 2016) of GLP-1RA, SGLT2i, and DPP4i in Tai-
wan, the drug index date was defined as the first date
of prescription for GLP-1RA, SGLT2i, or DPP4i after
May 1, 2016, to achieve a head-to-head comparison at
the same time. There were 356,579 and 45,618 patients
receiving first prescriptions of SGLT2i (Empagliflozin
and dapagliflozin; approved on May 1, 2016, in Taiwan.
Canagliflozin; approved on March 1, 2018. Ertugliflozin;
approved on July 1, 2019) and GLP1-RA (dulaglutide,
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exenatide, liraglutide, lixisenatide, or semaglutide) after
May 1, 2016, respectively. Of the other 2,423,862 patients
not receiving SGLT2i or GLP-1RA treatments, there
were 408,878 patients receiving first prescriptions for
DPP4i (alogliptin linagliptin, saxagliptin, sitagliptin, or
vildagliptin,) during the same period. Patients with type
2 diabetics cannot use SGLT2i, GLP-1RA, and DPP4i
simultaneously (or add-on) according to Taiwan’s NHI
regulations for financial consideration. Patients with AF
diagnosis before index-drug were excluded (n=28,712).
We also excluded those patients who died before the
drug-index date (n=393). Finally, 344,893, 44,370, and
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393,100 diabetic patients without preexisting AF treated
with SGLT2i, GLP1-RA, and DPP4i after May 1, 2016,
enrolled in the present study. The flowchart of study
enrollment is summarized in Fig. 1.

Covariates

Baseline covariates were obtained from all claim records
with diagnoses, procedures, or medication codes before
the index date. A history of all prescription medications
was confined to medications used at least once within
3 months before the index date. The ICD-10-CM codes

Patients with a diagnosis of T2D
from 2010/01/01-2019/12/31
(n=2,826,059)

T2D patients treated with
SGLT2i (n = 356,579), GLP-1RA (n = 45,618), and DPP4i (n = 408,878)
after 2016/05/01

( Exclusion if a diagnosis of

AF before drug-index date
(n=28,712)

T2D patients without preexisting AF treated with
SGLT2i (n = 345,071), GLP-1RA (n = 44,409), and DPP4i (n = 393,276)

( Exclusion if died
before drug-index date
L AF (n =393)

T2D patients without preexisting AF treated with
SGLT2i (n = 344,893), GLP-1RA (n = 44,370), and DPP4i (n = 393,100)

1:1 PS matching

| 1:1 PS matching I

1:1 PS matching

SGLT2i
(n=43,682)

SGLT2i
(n = 245,442)

DPP4i
(n = 245,442)

(n=43,682)

DPP4i
(n =39,190)

GLP-1RA GLP-1RA

(n=39,190)

respectively, after propensity score matching (PSM)

Fig. 1 Enroliment of patients with type 2 diabetes (T2D) treated with sodium-glucose cotransporter 2 inhibitors (SGLT2i), glucagon-like peptide-1
receptor agonist (GLP-1RA), and dipeptidyl peptidase-4 inhibitors (DPP4i). A total of 344,893, 44,370, and 393,100 patients with T2D without
pre-existing atrial fibrillation (AF) treated with SGLT2i, GLP-1RA, and DPP4i from May 1, 2016 to December 31, 2019, respectively, were enrolled in
the present study. There were 245,442, 43,682, and 39,190 paired cohorts of SGLT2i versus DPP4i, SGLT2i versus GLP-1RA, and GLP-1RA versus DPP4i,
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used to identify baseline covariates are summarized in
Additional file 1: Tables S1.

Outcomes

The main study outcome was new-onset AF (ICD-10-CM
code 148) diagnosed in accordance with one inpatient or
at least two outpatient diagnostic codes assigned after the
drug index date. Patients were followed from the drug-
index date until the development of incident AF, discon-
tinuation of index drug, mortality, or the end of the study
period (December 31, 2020), whichever occurred first.

Statistical analysis

The propensity score matching (PSM) method com-
pares the risk of incident AF between the paired group
of SGLT2i versus DPP4i, SGLT2i versus GLP-1RA,
and GLP-1RA versus DPP4i, respectively. The PSM
re-weights the untreated group so that matched sets
of treated and untreated subjects are similar in demo-
graphic, comorbidity, and medication [32]. We calcu-
lated the propensity score, the predicted probability of
treatment conditional on all the covariates in Table 1,
using the generalized boosted model (GBM). The GBM
involves an iterative process with multiple regression
trees to capture complex and nonlinear relationships
between treatment assignment and the pretreatment
covariates without over-fitting the data and leading to
the best balance between study groups [33]. The PSM
ratio between the SGLT2i versus DPP4i, SGLT2i versus
GLP-1RA, and GLP-1RA versus DPP4i was 1:1 without
replacement and nearest neighbor matching within a
caliper width (8-to-1 digit matching) [34]. The balance
of potential confounders at the baseline (index date)
between paired study groups was assessed using the
absolute standardized mean difference (ASMD) rather
than statistical testing because balance is a property of
the sample and not of the underlying population. An
ASMD value of<0.1 indicates an insignificant differ-
ence in potential confounders between the two paired
study groups [35]. Incidence rates were estimated using
the total number of study outcomes during the follow-
up period divided by person-years at risk. The risk of
study outcomes occurring over the follow-up duration
for SGLT?2i versus DPP4i, SGLT2i versus GLP-1RA, and
GLP-1RA versus DPP4i was obtained using survival anal-
ysis. The cumulative incidence curve of AF between the
paired study groups was plotted using the Kaplan—Meier
method and compared with hazard ratios (HRs) and 95%
CIs using the Cox proportional hazards model. Noted
that only the paired study grouping was included in the
Cox model because the paired study groups were well
balanced in baseline characteristics after PSM [32]. The
cause- specific hazard model which account for deaths
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as competing risk events was also made to estimate the
subdistribution HR of new-onset AF between the paired
study groups [36]. Subgroup analysis was made to deter-
mine whether the risk of AF between the three paired
cohorts remained in specific subgroups. Statistical sig-
nificance was defined as a p value of <0.05. All statistical
analyses were performed using SAS 9.4 (SAS Institute
Inc., Cary, NC, USA).

Sensitivity analysis

We performed several sensitivity analyses to examine the
robustness of the present results. First, some severe dia-
betic patients die before AF can occur. Therefore, the HR
for risk of new-onset AF between the two paired study
groups was analyzed after PSM and using death as a
competing risk factor. Second, we repeated the analyses
using new-onset AF with a hospital discharge diagnosis.
Third, we repeated the analyses using the restricted AF
outcome defined as the specified AF outcome with the
consequent use of oral anticoagulant (OAC) and rhythm
control management either using anti-arrhythmic drug,
cardioversion, or catheter ablation after the AF outcome
was established. Fourth, we considered the study groups
with no previous SGLT2i, DPP4i, or GLP1-RA exposure
based on a 1-year washout period. Fifth, SGLT2i use is
contraindicated among individuals with end-stage kid-
ney disease (ESKD). In sensitivity analysis, we excluded
patients with ESKD (confirmed by both relevant ICD-
9-CM or ICD-10-CM codes and enrollment in the Reg-
istry of Catastrophic Illness Patient Database, a subpart
of the NHI database) to avoid confounding since ESKD
is associated with an increased risk of AF. Indeed, insulin
use may also be associated with an increased risk of AF
[3, 37, 38]. Therefore, we excluded the study patients with
concomitant use of insulin.

Results
A total of 344,893, 44,370, and 393,100 patients treated
with SGLT2i, GLP-1RA, and DPP4i were eligible for the
present study. Among the SGLT2i users, 144,058 (41.8%),
179,004 (51.9%), 21,762 (6.3%), and 69 (0.0%) were
treated with empagliflozin, dapagliflozin, canagliflozin,
ertugliflozin, respectively. Among the GLP-1RA users,
20,677 (46.6%), 19,895 (44.9%), 3,432 (7.7%), 91 (0.2%),
275 (0.6%) were treated with liraglutide, dulaglutide,
lixisenatide, exenatide, and semaglutide, respectively.
Most of the DPP4i users were prescribed with sitagliptin
(n=125,767, 32.0%), followed by linagliptin (n=119,537,
30.4%), vildagliptin (n=114,713, 29.2%), saxagliptin
(n=28,625, 7.3%) and alogliptin (n=4,458, 1.1%).

Table 1 summarizes the baseline demographic char-
acteristics of the three groups before and after paired
PSM. Before PSM, there were many differences in the
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baseline characteristics across the three study groups
(most ASMD >0.10). After PSM, there were 245,442,
43,682, and 39,190 paired cohorts of SGLT2i versus
DPP4i, SGLT2i versus GLP-1RA, and GLP-1RA ver-
sus DPP4i, respectively: the three paired cohorts were
well-balanced in most characteristics (ASMD < 0.10).

AF incidence rates among the three study groups

Before PSM, there were 1964 (0.29 per 100 patient-
years), 314 (0.32 per 100 patient-years), 3883 (0.46
per 100 patient-years) new-onset AF for the SGLT?2i,
GLP-1RA, DPP4i groups, respectively. DPP4i treat-
ment were associated with a higher risk of new-onset
AF in participants with type 2 diabetes compared with
SGLT2i [HR 1.59; 95% confidential interval (CI) 1.51—
1.68; P<0.0001] and GLP-1RA [HR 1.44; 95% CI 1.28—
1.61; P<0.0001] before PSM, respectively.

SGLT2i versus DPP4i after PSM

After PSM, For the 245,442 paired cohort of SGLT2i and
DPP4i, the mean follow-up periods for the paired SGLT2i
and DPP4i groups were 2.03 £ 1.29 and 2.01 =+ 1.28 years,
respectively. During the follow-up, there were 1,518 (0.29
per 100 person-year) and 1671 (0.34 per 100 person-year)
new-onset AF events in the SGLT2i and DPP4i groups,
respectively period. There was a clear separation of event
curves for new-onset AF between the paired SGLT2i and
DPP4i group after PSM adjustment. After PSM, SGLT2i
treatment was associated with lower risk of new-onset
AF in participants with type 2 diabetes compared with
DPP4i [HR 0.90; 95% CI 0.84—0.96; P=0.0028] treatment
(Fig. 2A).

SGLT2i versus GLP-1RA after PSM

For the 43,682 paired cohort of SGLT2i and GLP-1RA,
the mean follow-up periods for the SGLT2i and GLP-
1RA groups were 2.24 £ 1.32 and 2.24 £ 1.34 years,
respectively. There were 228 (0.23 per 100 person-
year) and 305 (0.31 per 100 person-year) new-onset
AF events in the SGLT2i and GLP-1RA groups, respec-
tively. After PSM, SGLT2i treatment was associated
with lower risk of new-onset AF in participants with
type 2 diabetes compared with GLP-1RA [HR 0.74;
95% CI 0.63-0.88; P=0.0007] (Fig. 2B).
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GLP-1RA versus DPP4i after PSM

For the 39,190 paired cohort of GLP-1RA and DPP4i, the
mean following-up periods for the GLP-1RA and DPP4i
groups were 2.30 & 1.34 and 2.26 £ 1.33 years, respec-
tively. There were 289 (0.32 per 100 person-year) and
283 (0.32 per 100 person-year) new-onset AF events in
the SGLT2i and GLP-1RA groups, respectively. There
was no difference in the risk of incident AF between the
GLP-1RA and DPP4i users [HR 1.01; 95% CI 0.86-1.19;
P=0.8980] (Fig. 2C).

Sensitivity analyses

The use of SGLT2i was still associated with a lower risk of
new-onset AF compared with either DPP4i or GLP-1RA
after PSM, using death as a competing risk factor consist-
ent with the main analyses. Specifically, when we identi-
fied incident AF using either hospitalized diagnosed AF;
AF with treatment using anti-arrhythmic drugs, cardio-
version, or catheter ablation; or only patients without
previous drug exposure, underlying ESKD, or concomi-
tant use of insulin, the results remained consistent with
the main analyses. It is noted that there was no difference
in the risk of incident AF with consequent use of OACs
treatment for each paired study group (Fig. 3).

Subgroup analysis

Subgroup analysis revealed that SGLT2i was associated
with a lower risk of new-onset AF than DPP4i or GLP-
1RA across most subgroups (Additional file 2: Figure S1,
Additional file 3: Figure S2). Dapagliflozin was specifi-
cally associated with a lower risk of new-onset AF than
DPP4i (P interaction=0.02) (Additional file 2: Figure
S1). In addition, the use of SGLT2i was associated with
greater reductions in new-onset AF events in subgroups,
including those without concomitant use of sulfonylu-
rea, when compared with GLP-1RA (P interaction <0.01)
(Additional file 3: Figure S2). There were no differences in
the risk of incident AF between the GLP-1RA and DPP4i
in all subgroups (P interaction all>0.05) (Additional
file 4: Figure S3).

Discussion

To the best of our knowledge, this is the largest obser-
vational study to specifically evaluate the risk of new-
onset AF focused on an Asian population with type 2
diabetes treated with SGLT2i, GLP-1RA, and DPP4i. The
main finding of this study was that SGLT2i treatment

(See figure on next page.)

Fig. 2 Cumulative risk of incident AF for the paired study cohorts treated with SGTL2i versus DPP4i (A), SGLT2i versus GLP-1RA (B), and GLP-1RA
versus DPP4i (C) after PSM. There was a clear separation of event curves for new-onset AF between the paired SGLT2i and DPP4i group and the
paired SGLT2i and GLP-1RA group after PSM adjustment. SGLT2i treatment was associated with a lower risk of new-onset AF in participants with
type 2 diabetes compared with DPP4i or GLP-1RA treatment after PSM. Conversely, there was no difference in the risk of incident AF between the

GLP-1RA and DPP4i treatment
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Rate Rate
Per 100-Pt-yr  Per 100-Pt-yr HR 95% Cl

Overall AF (Main analysis)

SGLT2i vs. DPP4i 0.30 0.34 —— 0.90 [0.84-0.96]

SGLT2i vs. GLP-1RA 0.23 0.31 —_— 0.74 [0.63-0.88]

GLP-1RA vs. DPP4i 0.32 0.32 —_— 1.01 [0.86-1.19]
Overall AF (Competition adjustment with death)

SGLT2i vs. DPP4i 0.30 0.34 —— 0.91 [0.85-0.98]

SGLT2i vs. GLP-1RA 0.23 0.31 —_— 0.74 [0.63-0.88]

GLP-1RA vs. DPP4i 0.32 0.32 b B — 1.04 [0.88-1.22]
Hospitalized diagnosed AF

SGLT2i vs. DPP4i 0.07 0.09 —_— 0.76 [0.66-0.88]

SGLT2i vs. GLP-1RA 0.06 0.09 @ 0.65 [0.46-0.90]

GLP-1RA vs. DPP4i 0.09 0.08 o 1.08 [0.79-1.47]
AF with OAC use

SGLT2i vs. DPP4i 0.19 0.18 -1 1.05 [0.96-1.15]

SGLT2i vs. GLP-1RA 0.14 0.15 —_— 0.89 [0.71-1.13]

GLP-1RA vs. DPP4i 0.15 0.14 L 1.14 [0.89-1.45]
AF with AAD/cardioversion/ablation

SGLT2i vs. DPP4i 0.15 0.17 — 0.88 [0.80-0.97]

SGLT2i vs. GLP-1RA 0.12 0.15 A 0.75 [0.59-0.96]

GLP-1RA vs. DPP4i 0.16 0.16 E— 1.02 [0.81-1.28]
No previous SGLT2i/DPP4i/GLP-1RA exposure

SGLT2i vs. DPP4i 0.29 0.34 —— 0.84 [0.77-0.93]

SGLT2i vs. GLP-1RA 0.20 0.29 & 0.68 [0.49-0.93]

GLP-1RA vs. DPP4i 0.29 0.32 . 0.96 [0.74-1.25]
Patients without underlying ESKD

SGLT2i vs. DPP4i 0.30 0.33 ——| 0.92 [0.86-0.99]

SGLT2i vs. GLP-1RA 0.23 0.30 —_— 0.76 [0.64-0.91]

GLP-1RA vs. DPP4i 0.31 0.29 —t—— 1.08 [0.91-1.28]
Patients without use of insulin

SGLT2i vs. DPP4i 0.28 0.31 —— 0.92 [0.85-0.99]

SGLT2i vs. GLP-1RA 0.18 0.25 L 0.71 [0.54-0.92]

GLP-1RA vs. DPP4i 0.25 0.23 L 1.10 [0.86-1.40]

0.50 1.00 2.00

Fig. 3 Sensitivity analyses of the hazard ratio for incident AF for the paired study cohorts treated with SGTL2i versus DPP4i, SGLT2i versus GLP-1RA,
and GLP-1RA versus DPP4i after PSM. The sensitivity analyses showed the results were robust, and consistent with the main analysis. The use of
SGLT2i was still associated with a lower risk of new-onset AF compared with either DPP4i or GLP-1RA after PSM, using death as a competing risk
factor consistent with the main analysis. Specifically, we identified incident AF using either hospitalized diagnosed AF; AF with treatment using
anti-arrhythmic drugs, cardioversion, or catheter ablation; or only patients without previous drug exposure, underlying ESKD, or concomitant use
of insulin, the results remained consistent with the main analyses. There were no differences in the risk of incident AF with consequent use of oral
anticoagulant treatment for three paired study groups

was associated with a lower risk of new-onset AF in
participants with type 2 diabetes compared with either
GLP-1RA or DPP4i treatment. Conversely, there was no
difference in the risk of incident AF between the DPP4i
and GLP-1RA. Furthermore, the above findings per-
sisted among several important subgroups and sensitivity
analyses.

Diabetes mellitus is an independent risk factor of
stroke development in AF patients and an independent
prognostic predictor for the development of AF (3, 4].
Nonetheless, there is conflicting literature concerning the
association between AF and anti-diabetic medications.
Several medications, such as insulin and sulfonylureas,
have been associated with an increased risk of AF, possi-
bly through hypoglycemia and glycemic fluctuation, and
stimulation of the sympathetic nervous system is asso-
ciated with an increased incidence of AF [3, 37, 38]. By

contrast, other medications such as metformin, pioglita-
zone, and DPP4i may reduce the degree of atrial remod-
eling as an upstream therapy to prevent the development
of AF [39-42]. In contrast to the treatment benefit of AF
reduction for pioglitazone and DPP4i observed in retro-
spective observational studies, no significant differences
in the risk of new-onset AF with the use of pioglitazone
were reported in the PROactive, RECORD, and BARI 2D
trials [43—45]. Furthermore, the meta-analysis of land-
mark cardiovascular outcome trials (CVOTs) showed
that DPP4i treatment did not significantly affect the
risk for AF, while they were associated with a significant
increase in the risk for atrial flutter (AFL) [30].

Several insulin-independent mechanisms include
reducing blood pressure, body weight, uric acid, epi-
cardial adipose tissue, interstitial volume, atrial dila-
tation, increasing serum magnesium, and promoting



Chan et al. Cardiovascular Diabetology (2022) 21:118

mitochondrial biogenesis, hinting that SGLT2i might
reduce the incidence of AF development [46]. SGLT2i
inhibits sodium—hydrogen exchange in cardiac myocytes,
which has been linked to ameliorating myocardial hyper-
trophy, fibrosis, remodeling, and HF [47]. Preclinical
data showed that treatment of SGLT2i inhibits sympa-
thetic overdrive, which also plays an important role in the
development and maintenance of AF [48, 49]. Post hoc
analysis of DECLARE-TIMI 58 showed that dapagliflo-
zin was significantly associated with a relative risk reduc-
tion of AF/AFL by 19% compared with placebo among
participants with type 2 diabetes, which was consistent
regardless of the established atherosclerotic cardiovascu-
lar disease, HF, or preexisting AF at baseline [50]. How-
ever, because atrial tachyarrhythmia was not a predefined
and monitored outcome, the risk reduction in AF/AFL
associated with dapagliflozin versus placebo has not
been reported consistently for other SGLT2is, such as the
case of empagliflozin and canagliflozin. Furthermore, the
DAPA-HF trial indicated that dapagliflozin did not sig-
nificantly reduce the risk of new-onset AF compared to
patients with HF and reduced ejection fraction without
AF at baseline [51]. Recently, a pooled meta-analysis of
32 trials reported that SGLT2i treatment was associated
with a significant reduction in the risk of incident AF/
AFL by 19% compared with the control (OR 0.81; 95% CI
0.69-0.95; p=0.008) [27]. The average cumulative inci-
dence of AF/AFL was around 3.6 per 1,000 patient-years.
Further subgroup analysis showed that only dapagliflo-
zin (10 trials) was associated with a significantly lower
risk of AF/AFL (OR 0.74; 95% CI 0.60-0.91; p=0.005).
Conversely, empagliflozin (9 trials) was associated with
no significant difference in risk (OR 1.17; 95% CI 0.75—
1.82; p=0.49), and canagliflozin (8 trials) was associated
with a numerically but non-significant lower risk of AF/
AFL (OR 0.81; 95% CI 0.60-1.08; p=0.15) when com-
pared with placebo [27]. The above findings are of par-
ticular interest as they are more in line with our present
study showing that dapagliflozin was specifically asso-
ciated with a lower risk of incident AF when compared
with either DPP4i or GLP-1RA (Additional file 3: Figure
S2, Additional file 4: Figure S3).

Several CVOTs have shown that human-based GLP-
1RAs reduce MACE and mortality risks in patients with
type 2 diabetes[13—17]. However, other cardiovascular
outcomes such as the incidence of incident AF have not
been thoroughly investigated in those CVOTs associated
with GLP-1RAs. Currently, there is conflicting literature
regarding the risk of AF associated with treating GLP-
1RA. Potential underlying mechanisms of treatment ben-
efit GLP1-RA include several nonglycemic effects, such
as reductions in body weight and blood pressure; anti-
fibrotic effects; and improvement of microcirculation,
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endothelial function, and conduction properties, all of
which may reduce the development of AF [52]. Con-
versely, GLP-1RAs were associated with an elevated
heart rate by around 2-8 beats per minute higher than
that of the control group, which may be related to GLP-
1RA leading to systemic vasodilation with subsequent
reflex tachycardia or a direct effect of the GLP-1RA on
the autonomic nervous system and/or sinus node [52—
54]. Due to the important role in the initiation and main-
tenance of AF medicated by sympathetic overflow [55],
this effect may raise the possibility of an increased risk
of AF. Indeed, recent observational studies have shown
that the use of GLP-1RA was independently associated
with a higher risk of incident AF (HR 2.27; 95% CI 1.49—
3.47) among participants with diabetes [29]. The post
hoc analysis of the HARMONY trial also showed that
albiglutide was associated with a greater risk of AF and
tachyarrhythmia [56]. However, these results were not
consistent across all the CVOTs regarding GLP-1RAs,
and the pooled meta-analysis of CVOTs (the LEADER,
SUSTAIN-6, REWIND, HARMONY, ELIXA, and PIO-
NEER trials) showed no significant differences in the risk
of incident AF between GLP1-RA and placebo among
participants with type 2 diabetes (OR 0.93; 95% CI 0.70—
1.23; > =58%) [28]. Conversely, some meta-analyses indi-
cated that GLP-1RA was associated with a lower risk of
AF/AFL compared to other glucose-lowering agents in
patients with type 2 diabetes [24, 26]. These above trials
are limited by AF not being a predefined and monitored
endpoint. Further prospective trials are warranted to
confirm the potential arrhythmogenic or antiarrhythmic
effect of GLP-1RAs and investigate further whether the
effect is a drug-specific or class effect.

Limitations

To date, direct comparisons of SGLT2i, GLP-1RA, and
DPP4i regarding the risk of AF among patients with type
2 diabetes are scarce. Although a few network meta-
analyses were aimed to compare the risk of incident AF
between SGLT2i, GLP-1RA, and other anti-hypoglyce-
mic agents, the above studies show conflicting results
[24-29]. Also, the data from randomized and placebo-
controlled studies may be incomplete because they were
derived from the documentation of adverse effects and
were not predefined for systematically identifying AF.
Nevertheless, there are several limitations to our present
study. First, this was a retrospective and observational
study. The clinical characteristics of the patients were
different across three study groups. Although we have
adjusted for several important parameters relevant to
clinical outcomes using PSM models, residual unmeas-
ured confounders are probably present. Nevertheless,
we suggest that future prospective randomized studies
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are needed to determine whether our findings apply to
patients with type 2 diabetes treated with these drugs.
Second, the NHIRD does not contain several important
laboratory data such as body weight, glycohemoglobin
(HbAlc), and serum creatinine, all of which may be asso-
ciated with the risk of incident AF among participants
with type 2 diabetes [57]. In addition, even with adjust-
ment for CKD, the diagnosis of CKD by coding could not
reflect the severity of renal disease, which may interfere
with DPP4i, GLP-1RA, and SGLT2i selection for each
patient. Third, the Taiwan National Health Insurance
(NHI) Program only covers prescription of only one of
DPP4i, GLP-1RA, or SGLT2i at the same time due to
financial considerations (DPP4i, SGLT2i, and GLP1-RA
are the relatively new and expensive anti-diabetic medi-
cations). If physicians prescribe two or three of these
drugs simultaneously (or add-on) for patients, only
one drug can be covered by the NHI program (and the
drug will be therefore captured in the claims database),
whereas the other one or two drugs should be paid by
patients themselves (which will not be captured in the
claims database). As obtaining the medical information
of each participant outside the Taiwan NHIRD scheme
is difficult, there would be a small number of patients
in the specific group (e.g. SGLT2i, which was captured
in the NHIRD) receiving other combination (or add-on)
therapies outside the NHIRD (e.g., GLP1-RA and/or
DPP4i, which was not captured in the NHIRD). Fourth,
AF does not necessarily lead to hospitalization, nor is
it always associated with extensive symptoms. AF can
remain entirely asymptomatic. Therefore, detection bias
due to common contacts with the healthcare system in
one of the exposure groups could bias the results. Also,
AF/AFL was not a predefined outcome lacking rigorous
prospective collection and monitoring observed in the
pivotal CVOT trials regarding the SGLT2i, GLP-1RA,
or DPP4i. We call for further study regarding the clini-
cal importance and reliability of this finding. Fifth, the
present study was conducted based on an on-treatment
design. It did not consider the changes in medical status
or activity (e.g., new diagnosis of comorbidities or dis-
continuation/add-on of co-medication) during their fol-
low-up period. Given that the mean follow-up was more
than 2 years, time-dependent confounding could become
critical. Finally, we only investigated Asian patients, and
whether our result can be extrapolated to other ethnici-
ties is unclear.

Conclusions

SGLT2i treatment was associated with a lower risk of
incident AF than DPP4i or GLP-1RA treatment among
patients with type 2 diabetes, irrespective of underlying
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comorbidities in a large real-world setting. There was
no difference in the risk of incident AF between the
DPP4i and GLP-1RA treatment.
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Additional file 1: Table S1 International Classification of Diseases (10"
edition) Clinical Modification (ICD 10-CM) codes used to define comor-
bidities and clinical outcomes in this study.

Additional file 2: Figure S1. Subgroup analysis of forest plot of hazard
ratio (HR) for sodium-glucose cotransporter 2 inhibitors (SGLT2i) versus
dipeptidyl peptidase-4 inhibitors (DPP4i) among patients with type 2
diabetes (T2D) after propensity score matching (PSM). Subgroup analysis
revealed that use of SGLT2i was associated with a lower risk of new-onset
AF compared with use of DPP4i across most subgroups. It is noted that
dapadliflozin was specifically associated with a lower risk of new-onset AF
compared with DPP4i (P interaction = 0.02).

Additional file 3: Figure S2. Subgroup analysis of forest plot of HR for
SGLT2i versus glucagon-like peptide-1 receptor agonist (GLP-1RA) among
patients with T2D after PSM. Subgroup analysis revealed that use of SGLT2i
was associated with a lower risk of new-onset AF compared with use of
DPP4i across most subgroups. Use of SGLT2i was associated with greater
reductions in new-onset AF events in subgroup including those without
concomitant use of sulfonylurea when compared with GLP-1RA (P interac-
tion < 0.01).

Additional file 4: Figure S3. Subgroup analysis of forest plot of HR for
GLP-1RA versus DPP4i among patients with T2D after PSM. There was
no difference of the risk of incident AF between the GLP-1RA and DPP4i
across all subgroups (P interaction > 0.05).
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