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Abstract

Diabetes mellitus (DM) is an independent risk factor for atrial fibrillation (AF), which is the most common sustained
arrhythmia and is associated with substantial morbidity and mortality. Advanced glycation end product and its receptor
activation, cardiac energy dysmetabolism, structural and electrical remodeling, and autonomic dysfunction are implicated
in AF pathophysiology in diabetic hearts. Antidiabetic drugs have been demonstrated to possess therapeutic potential for
AF. However, clinical investigations of AF in patients with DM have been scant and inconclusive. This article provides a
comprehensive review of research findings on the association between DM and AF and critically analyzes the effect of dif-
ferent pharmacological classes of antidiabetic drugs on AF.
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Introduction

Diabetes mellitus (DM) is a complex chronic disease, and
its prevalence continues to increase worldwide [1]: it was
6.4% among adults in 2010, and this rate is expected to
increase to 7.7% by 2030 [2]. Accumulating evidence sug-
gests that DM is an independent risk factor for atrial fibrilla-
tion (AF), which is the most common sustained arrhythmia
[3, 4]. AF not only causes heart failure and stroke, but also
increases the risk of myocardial infarction. Clinical stud-
ies showed that AF doubles the risk of myocardial infarc-
tion [5, 6]. Therefore, AF has a critical impact on human
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health and socioeconomic burden. The Framingham Heart
Study comprising 4731 participants demonstrated that DM
significantly increased the risk of AF during up to 38 years
of follow-up [3]. The Women’s Health Initiative Obser-
vational Study involving 81,892 postmenopausal women
reported that patients with DM had a 55% increased risk
of AF over an average follow-up period of 9.8 years [7]. A
meta-analysis of 29 studies that included 8,037,756 individ-
uals reported that DM was associated with a 49% increase in
the development of AF [8]. This analysis also showed that
women with DM were 24% more likely to develop AF than
men with DM. Moreover, an investigation on 228 patients
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with paroxysmal AF who had undergone catheter ablation
found that patients with DM or impaired fasting glucose
had a higher AF recurrence rate than did those with normal
glucose metabolism [9]. A population-based case—control
study (including 1410 people with new-onset AF and 2203
controls without AF in the United States) indicated that the
risk of AF was significantly higher in people who had DM
for over 5 years or average hemoglobin Alc (HbAlc) level
above 7.0%. The estimated risk of AF increases by 3% per
additional year of DM duration, supporting a causal relation-
ship between DM and AF [10]. By contrast, a meta-analysis
involving 4357 patients with paroxysmal AF, 1083 with per-
sistent AF, and 1777 with long-standing AF revealed that
DM was not an independent predictor of AF recurrence [11].
An investigation on 496 patients receiving implantable elec-
tronic devices found that DM was not a predictor of atrial
high-rate episodes which are associated with an increased
risk of developing AF [12]. This finding suggests that DM
may not significantly contribute to the occurrence of pre-
clinical AF. Therefore, the discrepancy in type, duration, or
severity of DM; treatment with different antidiabetic drugs;
and variable adjustment for confounding risk factors may
lead to contradictory results in clinical studies regarding the
link between DM and AF.

The results of the Action to Control Cardiovascular Risk
in Diabetes study indicated that the incidence of new-onset
AF was similar between the intensive treatment group (tar-
geting HbA lc level < 6.0%) and the standard therapy group
(targeting HbA1c level of 7.0-7.9%) [13], implying that
glycemic control alone is not adequate to mitigate AF risk.
Furthermore, several prospective cardiovascular outcome
trials have demonstrated that treatment with either glucagon-
like peptide 1 (GLP-1) receptor agonists or sodium—glucose
cotransporter-2 (SGLT?2) inhibitors, but not dipeptidylpepti-
dase-4 (DPP-4) inhibitors, reduced cardiovascular events
in patients with type 2 DM and established cardiovascu-
lar disease [14], suggesting that antidiabetic drug-specific
properties might have diverse effects on the cardiovascular
system. Antidiabetic drugs may have varying effects on AF
risk through their distinctive biological effects and phar-
macological mechanisms. In this review, we evaluate the
pathological mechanisms of DM in the genesis of AF and
highlight the potential role of different antidiabetic drugs on
the risk of AF from laboratory and clinical evidence.

Pathophysiological mechanisms of DM
in the genesis of AF

The pathogenesis through which DM promotes the devel-
opment of AF remains incompletely elucidated. However,
as shown in Fig. 1, advanced glycation end product (AGE)
and receptor for AGE (RAGE) activation; cardiac energy
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dysmetabolism; structural and electrical remodeling; and
autonomic dysfunction in the atria have been hypothesized
to contribute to increased AF risk in patients with DM
[15-17].

Atrial structural remodeling in DM and AF

Chronic inflammatory and oxidative stress, activation of
the renin—angiotensin system, alternation of gap junc-
tion protein expression, and upregulation of AGE/RAGE
signaling all contribute to atrial structural remodeling
in diabetic hearts [15, 18], which is characterized by
atrial dilatation and interstitial fibrosis. A study in 2623
Framingham Heart Study participants revealed that those
with higher insulin resistance and hyperglycemia had
increased left ventricular mass [19]. Another retrospec-
tive analysis involving 4014 patients in Japan found that
left ventricular hypertrophy was accompanied by poor left
ventricular function, large left atrial size, and high preva-
lence of AF [20]. Compared with those from individuals
without DM, atrial fibroblasts from patients with type 2
DM expressed higher levels of type 1 collagen, which may
induce interatrial conduction delay and enhance AF occur-
rence [17, 21].

AGE/RAGE activation: signaling mechanism
for DM-mediated AF

AGE:s are generated and accumulated during hyperglyce-
mia, oxidative stress, inflammation, aging, and renal failure
[22, 23]. Cross-linking of AGEs and type I collagen and
elastin in the extracellular matrix in diabetic hearts induces
atrial fibrosis [24]. Moreover, AGEs bind to their transmem-
brane receptor, RAGE, eliciting inflammatory and oxida-
tive responses, thus promoting the development of AF [25].
Administration of either an AGE-formation inhibitor or an
AGE cross-link breaker suppressed DM-induced atrial fibro-
sis [24, 26]. Furthermore, soluble RAGE (sRAGE), the trun-
cated isoform of the membrane-bound full-length RAGE,
may act as an endogenous competitive inhibitor of RAGE in
circulation [27]. Plasma AGEs and sRAGE levels were sig-
nificantly higher in AF patients both with and without DM
than in those who had sinus rhythm [28, 29]. By contrast,
another study demonstrated that high plasma sRAGE levels
were associated with low AF recurrence after catheter abla-
tion in patients with DM [30]. In our previous studies, we
found that RAGE may be downregulated by calcitriol with
increased SRAGE production, which may contribute to the
known effects of vitamin D on AF risk reduction through big
data analysis in 20,788 osteoporosis women over a S-year
follow-up [23, 31].
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Fig. 1 Schematic illustration of the proposed mechanisms underlying
the effects of DM on AF arrhythmogenesis, and potential therapeutic
targets for antidiabetic drugs. AGE/RAGE activation, cardiac dysme-
tabolism, structural and electrical remodeling, and autonomic dys-
function in the atria contribute to the development of AF in DM. AGE

Cardiac dysmetabolism in diabetic cardiomyopathy:
effect on AF genesis

Fatty acids and glucose are principle substrates for myocar-
dial energy metabolism. Fatty acid metabolism is less effi-
cient because it consumes more oxygen to produce adenosine
triphosphate (ATP) than does glucose metabolism. There-
fore, fatty acid B-oxidation constitutes the major energy
source in a normal heart, whereas glycolysis predominates
during pathological stimuli, such as AF [32, 33]. Because of
insulin resistance, the diabetic heart has increased fatty acid
utilization and decreased glucose uptake; thus, it is more
vulnerable to ischemic injury because of its constrained fuel
substrate flexibility [32]. Furthermore, excessive fatty acid
uptake in the diabetic heart results in altered mitochondrial
architecture and decreased mitochondrial oxidative phos-
phorylation, leading to toxic lipid metabolite accumulation
and reactive oxygen species (ROS) generation [34, 35]. The
mitochondria in the atrial tissue of patients with DM demon-
strated sharply decreased respiration capacity and increased
oxidative stress [36]. Additionally, the diabetic heart is asso-
ciated with an increase in epicardial adipose tissue infiltra-
tion, leading to AF arrhythmogenesis [17, 37].

Adenosine monophosphate-activated protein kinase
(AMPK) is a major regulator of cardiac metabolism and

Atrial Fibrillation

advanced glycation end product, AMPK adenosine monophosphate-
activated protein kinase, APD action potential duration, Cx connex-
ion, RAGE receptor for AGE, ROS reactive oxygen species, SRAGE
soluble RAGE

is activated in response to energy depletion. AMPK acti-
vation promotes fatty acid and glucose uptake and facili-
tates subsequent p-oxidation and glycolysis, thus increasing
ATP production in cardiomyocytes [38, 39]. When facing
AF-induced metabolic stress, AMPK activation might con-
tribute to greater resistance to AF progression by restoring
atrial calcium homeostasis [40]. Moreover, mice with inac-
tive AMPK developed spontaneous AF [41]. Our previous
studies have revealed that cardiac AMPK activity was sup-
pressed in diabetic animal models [42, 43]. Thus, AMPK
activation that reduces metabolic stress may protect against
the development or perpetuation of AF in DM.

Atrial electrical remodeling in DM and AF

The main features of electrical remodeling in the diabetic
atrium include increased slowing and heterogeneity of elec-
trical conduction, prolongation of action potential duration
(APD), increased spatial dispersion and frequency-depend-
ent shortening of APD, and increased incidence of APD
alternans [15, 44]. Changes in Na*, K*, and Ca>* currents
may contribute to alterations in atrial action potential mor-
phology and affect conduction velocity or susceptibility
to triggered activity in diabetic hearts [15, 17]. Decreased
Na™ current and reduced expression of ion channel proteins
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Kv4.3, Kv1.5, and Cav1.2 have been observed in the atria of
diabetic animals [45—47]. An atrial action potential analysis
in patients with AF indicated that L-type Ca** current (I ;)
was strongly decreased [48]. Moreover, gap junctions are
composed of connexin (Cx) proteins and play a crucial role
in electrical conduction in the heart. Cx40 and Cx43 are
predominant isoforms in the atrial myocardium [49]. Altered
Cx expression in atrium was commonly found in diabetic
animals [17, 44]. DM affects the expression and distribu-
tion of Cxs, resulting in atrial conduction abnormalities and
ensuing AF development.

DM autonomic dysfunction in AF initiation

Autonomic dysfunction critically initiate the occurrence
of AF. The importance of autonomic dysfunction in AF
pathogenesis has been widely recognized [50]. Activation
of either sympathetic or parasympathetic nerve activity may
enhance the genesis of AF through different mechanisms
[51]. An analysis of heart rate variability in patients with
DM revealed that DM-increased sympathetic and reduced
parasympathetic activity in the heart [52]. Autonomic dys-
function was linked to increased episodes of asymptomatic
AF, which were evaluated through 48-h Holter’s ECG moni-
toring in patients with type 2 DM [53]. Heart rate recovery,
another index of cardiac autonomic function, is reportedly

an independent predictor of AF risk in patients with type 2
DM [54]. These findings suggest that autonomic remodeling
plays an essential role in increased AF vulnerability in DM.
However, the underlying cellular mechanisms remain largely
unknown and require further investigation.

Effect of antidiabetic drugs on AF:
beyond glycemic control

Glucose fluctuations stimulated ROS production, activated
sympathoadrenal activity and contributed to epinephrine-
induced fall in plasma levels of potassium, thereby pro-
moting AF genesis [55-57]. A retrospective analysis in
1,509,280 Korean patients with type 2 DM aged between
30 and 75 years showed that severe hypoglycemia led to a
significant increase of 10% in subsequent AF occurrence
during the follow-up period of 8.5 years [58]. Therefore,
antidiabetic drugs causing more hypoglycemia, such as sul-
fonylureas and insulin, may increase the risk of AF, and
drugs causing less hypoglycemia may reduce the risk of AF.

In addition to glycemic control, multiple clinical studies
have demonstrated that antidiabetic drugs may have differ-
ing effects on the risk of new-onset AF according to their
distinctive biological mechanisms (Table 1).

Table 1 Effect of antidiabetic drugs on the risk of new-onset atrial fibrillation in patients with diabetes mellitus

Antidiabetic drug  Study type

Patient number Subject of study

Main results

NHIRD in Taiwan (1999-2010),
mean follow-up 5.4 years

Metformin users had a lower risk of
new-onset AF as compared with
nonusers (HR: 0.81) [62]

Metformin Retrospective cohort study 645,710
Sulfonylurea Case—control study 14,410
TZD Retrospective cohort study 108,624

Retrospective cohort study 12,065
DPP-4 inhibitors ~ Retrospective cohort study 90,880
SGLT?2 inhibitors Randomized controlled 17,160

trial, post-hoc analysis

Insulin Case—control study 14,410

NHIRD in Taiwan (2004-2013), 2882
new-onset AF and 11,528 controls

Danish nationwide registry (2000—
2012), patients treated with met-
formin or sulfonylurea as first-line
drugs

NHIRD in Taiwan (2000-2007),
mean follow-up 5.3 years

NHIRD in Taiwan (2009-2012),
patients treated with metformin as
first-line therapy, mean follow-up
2.4 years

Patients with DM and high CV risk,
median follow-up 4.2 years

NHIRD in Taiwan (2004-2013), 2882
new-onset AF and 11,528 controls

No association between use of sulfo-
nylurea and new-onset AF [67]

TZD was associated with a reduced
risk of new-onset AF as compared
with other second-line antidiabetic
drugs (HR: 0.76) [71]

Rosiglitazone users had a lower risk
of new-onset AF as compared with
nonusers (HR: 0.69) [70]

DPP-4 inhibitors was associated with
a decreased risk of new-onset AF
as compared with other second-line
antidiabetic drugs (HR: 0.65) [77]

Dapagliflozin was associated with a
reduced risk of new-onset AF as
compared with placebo (HR: 0.81)
[92]

Users of insulin were at a higher risk
of new-onset AF than were nonusers
(OR: 1.19) [67]

AF atrial fibrillation, CV cardiovascular, DM diabetes mellitus, DPP-4 dipeptidylpeptidase-4, HR hazard ratio, NHIRD National Health Insur-
ance Research Database, OR odds ratio, SGLT2 sodium—glucose cotransporter-2, 7ZD thiazolidinedione
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Metformin

Metformin is currently regarded as the first-line drug treat-
ment for type 2 DM [59, 60]. Metformin reduces hepatic
glucose production and increases the insulin sensitivity of
the liver, skeletal muscle, and adipose tissue [61]. Analysis
of data from Taiwan’s National Health Insurance Research
Database (NHIRD) revealed that treatment with metformin
was associated with a 19% decrease in new-onset AF among
645,710 patients (mean age =58.6 years) newly diagnosed
with type 2 DM over a follow-up period of 13 years [62].
By contrast, a retrospective cohort study comprising 1283
patients with DM undergoing a coronary artery bypass
graft or cardiac valve surgery indicated that prior use of
metformin was not associated with a decreased rate of post-
operative AF [63].

Metformin attenuated tachypacing-induced ROS gen-
eration and myofibril degradation in mouse atrial myocytes
[62]. Metformin reversed electrophysiological changes and
reduced lipid accumulation in the left atrial appendage in
dogs with atrial rapid pacing [64]. Through acting as an
AMPK activator [65], metformin might improve dysmetabo-
lism in diabetic hearts. These laboratory findings have sup-
ported the beneficial effects of metformin on AF.

Sulfonylurea

Sulfonylureas bind to and close ATP-sensitive potassium
channels in pancreatic p-cells, inducing the release of insulin
[66]. Treatment with sulfonylureas may cause hypoglyce-
mia which was hypothesized to result in a high AF risk.
However, a nested case—control study using data from Tai-
wan’s NHIRD (2882 patients with DM and new-onset AF
and 11,528 patients with DM without AF) indicated that
the use of sulfonylureas was not associated with the risk of
new-onset AF [67]. A clinical investigation involving 1310
patients with DM hospitalized for acute myocardial infarc-
tion revealed that prior use of sulfonylureas was not related
to the occurrence of in-hospital AF. Among patients treated
with sulfonylureas, those using gliclazide or glimepiride had
fewer in-hospital arrhythmias than did those treated with
glibenclamide [68]. Therefore, individual sulfonylureas have
distinctive pharmacological effects on the myocardium and
may explain the neutral association between sulfonylurea
treatment and AF risk in clinical investigations of patients
with DM.

Thiazolidinedione

Thiazolidinedione (TZD) is a synthetic peroxisome prolif-
erator-activated receptor-y agonist that promotes glucose
and fatty acid uptake in the adipose tissue, thus ameliorat-
ing insulin resistance. Abundant clinical evidence supports

the preventive effect of TZD on AF occurrence in patients
with DM. A prospective observational cohort study of 150
patients with DM undergoing catheter ablation of drug-
refractory paroxysmal AF reported that the treatment of
participants with pioglitazone before ablation was associ-
ated with a significantly lower risk of AF recurrence com-
pared with that of those without pioglitazone treatment [69].
Another cohort study analyzing NHIRD data demonstrated
that treatment with rosiglitazone was linked to a 31% reduc-
tion in the risk of new-onset AF among 12,065 patients with
DM who were followed up for an average of 63 months [70].
Similarly, a Danish nationwide study that included 108,624
patients with DM without prior AF who were treated with
metformin or sulfonylurea as a first-line antidiabetic drug
found that treatment with TZD, as a second-line antidiabetic
drug, was correlated to a 24% decrease in the risk of AF
compared with other second-line antidiabetic drugs [71].
A recent meta-analysis of seven studies investigating the
potential effects of TZDs on AF (including three randomized
clinical trials and four observational studies) that included
130,854 patients with DM revealed that those treated with
TZD had a significantly lower risk of AF than did controls.
However, the decreased AF occurrence risk caused by TZD
treatment was significant only in the pooled analysis of
observational studies and not in the analysis of randomized
clinical trials [72]. Therefore, large-scale prospective rand-
omized clinical trials that are designed to evaluate AF as a
primary outcome are required to clarify the treatment poten-
tial of TZD in patients with DM.

Substantial experimental evidence indicates that piogl-
itazone prevented atrial fibrosis and inhibited AF develop-
ment through its anti-inflammatory and antioxidant effects
[73-75]. Pioglitazone also suppressed angiotensin II-
induced I, ; channel alc expression and electrical remod-
eling in atrial myocytes [76]. These laboratory findings sug-
gest the potential electrophysiological effects of TZD on the
AF pathogenesis.

DPP-4 inhibitors

Inhibition of DPP-4 enzyme increases serum levels of GLP-
1, which promotes insulin release and inhibits glucagon
secretion in a glucose-dependent manner, thereby lowering
blood glucose levels and rarely causing hypoglycemia. A ret-
rospective cohort study in Taiwan involving 90,880 patients
with DM taking metformin as first-line therapy indicated
that patients using DPP-4 inhibitor as second-line therapy
had a 35% lower risk of new-onset AF than did those treated
with other antidiabetic drugs over a mean follow-up period
of 2.4 years [77]. By contrast, several prospective cardio-
vascular outcome trials that studied alogliptin, saxagliptin,
and linagliptin have not reported any significant correlation
between DPP-4 inhibitors and AF occurrence, probably
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because these studies were not designed primarily to inves-
tigate AF incidence [78, 79].

Our previous study found that sitagliptin possessed
antiarrhythmic potential, possibly through its inhibition
on inflammation and RAGE expression in spontaneously
hypertensive rat hearts. An increase in protein expression
of Cavl.2 caused by hypertension was reversed after sit-
agliptin treatment [80]. Alogliptin and linagliptin reduced
AF inducibility by reducing atrial interstitial fibrosis and
myocyte hypertrophy, improving mitochondrial function,
promoting mitochondrial biogenesis, and mitigating oxida-
tive stress [81, 82]. Collectively, anti-inflammation, antioxi-
dation, RAGE suppression, cardiac metabolism and calcium
homeostasis modulation are involved in the potential protec-
tive effects of DPP4-inhibitors against AF.

GLP-1 receptor agonists

Treatment with DPP4-inhibitors induces a physiological
increase in GLP-1 levels, whereas use of GLP-1 recep-
tor agonists provides supraphysiological levels of GLP-1.
In addition to glucose-dependent stimulation of insulin
release and inhibition of glucagon secretion, these supra-
physiological GLP-1 levels slow gastric emptying and sup-
press the appetite. Accordingly, GLP-1 receptor agonists
offer superior glycemic control and weight loss compared
with DPP-4 inhibitors. The weight loss benefit of GLP-1
receptor agonist treatment suggests that it can decrease the
risk of AF occurrence in DM. However, clinical data have
demonstrated that treatment with long-acting GLP-1 recep-
tor agonists is associated with a modest increase in resting
heart rate [83]. A meta-analysis regarding the cardiovascu-
lar safety of albiglutide, which included eight phase 3 trials
and one phase 2b trial, revealed that more patients had AF
in the albiglutide group than in the comparison group [84].
Although these events were not confirmed, these results have
prompted further study to assess the effect of albiglutide
on AF. However, a recent cardiovascular outcome trial of
once-weekly exenatide reported that the incidence of AF did
not differ significantly between patients who received exena-
tide and those who received placebo [85]. Another meta-
analysis of 31 randomized controlled trials (that enrolled
17,966 patients with DM in a GLP-1 receptor agonist group
and 15,305 patients in comparison groups, with a mean age
of 57 years) indicated that treatment with GLP-1 receptor
agonists was not associated with a significant increase in the
incidence of new-onset AF [86]. Currently, clinical evidence
does not support any association between GLP-1 receptor
agonists and AF risk.

Exendin-4 was found to attenuate hyperglycemia-
induced cardiomyocyte apoptosis by improving sarco-
plasmic/endoplasmic reticulum Ca**-ATPase 2a function
[87]. Our previous study demonstrated that GLP-1 reduced
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ryanodine receptor S2814 phosphorylation in mouse atrial
myocytes [88], which was hypothesized to reduce calcium
leak and AF genesis. Therefore, GLP-1 receptor ago-
nists might protect diabetic hearts from AF development
through modulating calcium homeostasis.

SGLT2 inhibitors

SGLT?2 inhibitors suppress glucose and sodium reab-
sorption from the renal proximal convoluted tubules,
thereby promoting excretion of glucose in the urine and
subsequently lowering blood glucose levels [89]. Treat-
ment with SGLT2 inhibitors directly causes body weight
loss and does not increase the risk of hypoglycemia. An
observational analysis based on national registry data from
Denmark, Norway, and Sweden involving 91,320 patients
with DM (mean age 61 years; 25% of participants had
established cardiovascular diseases at baseline) revealed
that patients treated with SGLT2 inhibitors had a similar
AF incidence as did those treated with other antidiabetic
drugs [90]. A meta-analysis that included 35 randomized
controlled trials with a total of 34,987 patients with type
2 DM found no significant difference in the occurrence of
AF between SGLT2 inhibitors and placebo [91]. Although
prospective cardiovascular outcome trials have demon-
strated that SGLT2 inhibitors significantly reduced the risk
of major adverse cardiovascular events and hospitalization
for heart failure, empagliflozin and canagliflozin had no
effect on the incidence of AF in patients with DM [14, 78,
79]. By contrast, a recent randomized controlled trial com-
prising 17,160 patients with type 2 DM who had or were
at risk of atherosclerotic cardiovascular disease reported
that dapaglifiozin reduced AF risk and atrial flutter events
by 19% over a median follow-up period of 4.2 years [92].
More clinical trials that are designed primarily to evaluate
AF in well-defined populations of patients with DM are
necessary for clarifying the treatment potential of SGLT2
inhibitors in DM.

Empagliflozin ameliorated atrial dilatation and fibrosis as
well as improved mitochondrial function and mitochondrial
biogenesis in diabetic rats [93]. Our recent study found that
empagliflozin attenuated the late sodium current-induced
calcium overload and arrhythmogenesis, which may poten-
tially contribute to its anti-AF potential in diabetic hearts.
Moreover, treatment with empagliflozin reversed the DM-
increased sodium/hydrogen exchanger activity and oxida-
tive stress [94]. In addition, empagliflozin simulated AMPK
activation, thereby enhancing myocardial energetics and
improving systolic dysfunction in a nondiabetic porcine
heart failure model [95]. These findings suggest that SGLT2
inhibitors have distinctive therapeutic potential for AF in
DM.



929

Effect of antidiabetic drugs on the risk of atrial fibrillation: mechanistic insights from...

g 95ed LV~ ;D Wnnonds drwsejdopud/onusedodres vz YOYAS ‘HOV 10§ 1034001 FOVY
‘9]QR[IBAB JOU /N ‘JuaLINd wnipos aye| *Ny quarmod ey odA1-7 7721 qonpoid pus uonea[s paoueape gy Oseury uisjoird pajeanoe-sieydsoydouow auISoudpE YAV ‘II UISUSIOISUE [[Suy

VIN
VIN

VIN

VIN

V/IN

VIN

VIN

VIN

VIN
Kyanoe

1a3ueyoxs ,H/,eN 1
PEO[IOAO WNIO[ED

paonpur-"""Ny 1
uone[Kioydsoyd

10ydaoar aurpoueky 1

uonouny ez VOUAS |
uorsudlradAy Aq
pasned uone[ndardn

urojoxd 7 1ae) T
uoneoyrdure

T paonpur-[i3uy 1

VIN

VIN
VIN

sIsoIqry 1
uonereriq f

VIN

Aydon
-10dAy 91K00&IN T
s1soIqry 1

stsoiqry 1

uonenyur pidry 1
uon

-epeIsop QoA 1

VIN
VIN

VIN

VIN

uorssaxddng

VIN

VIN

VIN
VIN

uonounjy
[eLIPUOYL0NIA |
Ayanoe IdNY |

VIN

uonouny
[eLIPUOYR0NA |

VIN

Ayanoe ANV |

uonowoiq

uonowoIJ

uorssarddng

VIN

uorssarddng

uorssarddng

uorssarddng

urnsuy

eaInjAuojng

SIONqQIUuI 71 IDS

systuoge 103dedar [-J 1D

s101qIyut $-ddd

dzl

UIULIONIIA

uonounysAp orwouo)ny

Surfepowal [eo1no9[g

Surfepourar

[eImonys ey SureuSis gOVI/AOV

wsT
-0qeoWsAp deIpIe)

SSOI)S QAIIEPIXO pue AIojeurueyuy

sisauaSowyAyIIe Jy peonpul-A( U0 SSnip onoqerpnue Jo sj09Jjo [eNualod g 3|qeL

pringer

a's



930

T.-W. Lee et al.

Insulin

Among antidiabetic drugs, insulin is the most efficacious
in lowering blood glucose levels; however, it also poses the
highest risk of inducing hypoglycemia and promoting body
weight gain. Accordingly, insulin therapy was presumed
to increase AF incidence in patients with DM. In a nested
case—control study analyzing NHIRD data, insulin users
exhibited a significant increase in the risk of new-onset AF
than did nonusers (odds ratio: 1.19), even after adjusting
for sex, age, DM duration, comorbidities, and concurrent
medication [67]. An analysis of data from the prospective
AF registry in Europe (including 1288 patients with both
AF and DM, of whom 22.4% were on insulin) indicated that
the adjusted hazard ratio for developing stroke or systemic
embolism at 1 year was 2.61 for patients with DM on insulin
therapy compared with patients with noninsulin-requiring
DM [96]. By contrast, a prospective randomized controlled
trial involving 12,537 patients (mean age = 63.5 years) with
impaired fasting glucose, impaired glucose tolerance, or
overt type 2 DM and cardiovascular risk factors reported
that incidence of AF was similar between the insulin glar-
gine and placebo groups over a median follow-up period of
6.2 years [97]. Currently, clinical findings have not clarified
the pathological role of insulin therapy in the development
of AF.

Multiple laboratory studies have revealed that hyperin-
sulinemia elicits proatherogenic responses by stimulating
proliferation and migration of arterial smooth muscle cells
and enhancing production of proinflammatory cytokines
and endothelial adhesion molecules [98]. Insulin causes
vasoconstriction in the insulin-resistant endothelium [99].
Therefore, high insulin concentrations in the blood of insu-
lin-treated patients may provide a substrate for AF genesis
in DM.

Conclusions

Antidiabetic drugs may have differing effects on AF
arrhythmogenesis in patients with DM (Table 2). Sulfony-
lureas and insulin have a pro-AF effect through inducing
hypoglycemia. Differently, clinical and laboratory evidence
suggests that SGLT2 inhibitors seem to be the most promis-
ing antidiabetic drug in reducing the risk of AF in patients
with DM through its multiple cardiovascular benefits. Met-
formin or GLP-1 receptor agonists also potentially provide
cardiovascular protective effects, but their impacts on the
risk of AF has not been established in patients with DM.
TZD and DPP-4 inhibitors may have some anti-arrhythmo-
genetic potential from translational studies, but this assump-
tion has not yet been supported by clinical investigations.
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