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Abstract

Background: Insulin resistance is associated with metabolic disorders including diabetes, obesity, hypertension, and
inflammation which are the risk factors for Atrial Fibrillation. Many studies have reported that type 2 diabetes and AF
are related and also their prevalence is increasing globally. Moreover, insulin resistance begins the type 2 diabetes.

Main body: This review explains the pathophysiological aspects of insulin resistance in AF patients and discusses the
drugs that are used to manage insulin resistance including Biguanides (metformin), thiazolidinediones (TZDs) [Piogl-
itazone, rosiglitazone], Sodium-glucose cotransporter 2 (SGLT2) inhibitors, Concentrated Insulin Products, Dipeptidyl
peptidase-4 (DPP-4) Inhibitors, Glucagon-like peptide 1 (GLP-1) receptor Agonists, Pramlintide, Sulfonylureas, Megli-
tinides, a-Glucosidase Inhibitors, Colesevelam, Bromocriptine. This review will highlight a few major drugs that played
a significant role in AF patients. For this purpose, many databases were used for reviewing the literature and keywords
are used such as Insulin Resistance, Pathophysiology, Atrial Fibrillation, and Drugs.

Conclusion: This review article concludes that insulin resistance is related to AF. It also provides an outlook on the
recent pathophysiological aspects of insulin resistance in AF; however, more studies are needed to clarify the man-
agement of insulin resistance in AF patients to prevent the development of type 2 diabetes.

Keywords: Insulin resistance, Pathophysiology, Atrial Fibrillation, Drugs

Background

Insulin resistance (IR) is defined as a pathological state
in which cells fail to respond normally to the insulin
hormone and also denotes impaired insulin sensitiv-
ity that facilitates glucose disposal [1, 2]. IR is linked to
numerous cardiovascular conditions because it is a com-
mon metabolic substrate. Moreover, insulin resistance is
linked with diabetes, obesity and inflammation; all these
are common risk factors of Atrial Fibrillation (AF) which
is a cardiac arrhythmia that means irregular heartbeat
or quivering of the atria instead of beating normally [3].
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IR is commonly associated with obesity which is also a
pathophysiologic factor of type 2 diabetes mellitus [4,
5]. The association between type 2 diabetes and insulin
resistance had been reported in various studies because
insulin resistance is an important and powerful predictor
of future development of type 2 diabetes and also a thera-
peutic target once hyperglycemia is present [6].

IR is also a mutual denominator of metabolic syn-
drome, prediabetes, and diabetes. Those people who have
developed type 2 diabetes usually pass through former
phases of prediabetes and insulin resistance, these phases
are often undiagnosed. Both insulin resistance and meta-
bolic syndrome are the risk aspects for an incident of AF,
but they have not been maintained by all clinical observa-
tions [3, 7—10].
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The overall 35 per cent risk of AF had been increased
in type 2 diabetes patients as compared to age and sex-
matched controls that included from the general popu-
lation [11]. Various studies have reported the positive
link between the risk of AF and diabetes. Likewise, two
different meta-analyses, such as cohort and observa-
tional studies, had concluded that 30.0-40.0% risk of AF
increased in individuals with type 2 diabetes, even after
adjustment for, hyperthyroidism, hypertension, BMI, kid-
ney disease, smoking, and coronary heart disease [8, 12].
There are several risk factors of IR are also the risk factor
for AF as explained in Fig. 1.

Google Scholar, PubMed, and Science direct were used
to review the literature. 20 June 2021 was the last date of
the search. Many keywords were used for searching the
literature such as Insulin Resistance, Pathophysiology,
Atrial Fibrillation and Drugs. According to the literature,
much more data are available on insulin resistance, insu-
lin resistance role in cardiovascular and AF. However, the
current review article mainly focuses on the pathophysi-
ological pathways/mechanisms of insulin resistance in
AF and discusses the drugs that are used to manage IR,
but this review will highlight their role in AF patients.

Main text

Basic introduction and Pathophysiology aspects of insulin
resistance

Insulin is a peptide hormone that is secreted from the
beta cells of the pancreatic islets of Langerhans and plays
role in normal blood glucose levels by providing cellular
glucose uptake, lipid and protein metabolism, regulat-
ing carbohydrate, facilitating growth, and cell division.
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Clustering of abnormalities and related physical out-
comes in insulin-resistant individuals are referred to as
insulin resistance syndrome. Similarly, those individuals
who are at high risk of cardiovascular diseases along with
insulin resistance resulted in increased morbidity, which
is referred to as metabolic syndrome [1, 2].

IR is the impairment of glucose uptake in muscle and
also the impairment of insulin action on lipid metabo-
lism, for example in increment of lipolysis in adipo-
cytes. It includes protein metabolism which involves
the impairment of protein synthesis in muscle. In the
same way, insulin resistance also affects the function of
other organs of the body, for example, IR affects the ves-
sels which are led to hypertension and vasoconstriction.
Similarly, when insulin resistance affects the brain which
resulted in a decrease in beta-cell mass and glucose sens-
ing. As in the case of bone, it possibly decreases the
strength and bone mass [13, 14].

Moreover, IR causes impaired glycogen synthesis and
inhibits lipoprotein lipase activity in adipocytes as well as
protein. Catabolism in skeletal muscles is the main cause
of insulin resistance which is due to increased inflam-
matory cytokines, for example, leptin, tumour necrosis
factor-alpha (TNF-a), and interleukin-6 (IL-6) level that
resulted in increased release of free fatty acids. Addi-
tionally, 30% of insulin-stimulated glucose disposal and
IR both are stored in the liver which leads to impaired
glucose output and fatty acid metabolism leading to
increased triglycerides content and very low-density lipo-
protein secretion [15, 16].

In the insulin resistance state, the mitogen-activated
protein kinase pathway and phosphatidylinositol 3-kinase
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Fig. 1 Several risk factors of insulin resistance are also risk factors for the development and pathogenesis of AF. Source: Designed by the author
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(PI3K) pathway are disturbed that caused the mitogenic
effects of insulin in endothelial cells which lead to ath-
erosclerosis [16, 17]. Other studies have reported that
insulin resistance is caused by abnormalities of the sign-
aling pathways. Some other causes of insulin resistance
are obesity, excess growth hormones, polycystic ovary
disease, lipodystrophy (a genetic or acquired disease in
which lipid is accumulated in the liver), excess gluco-
corticoids, autoantibodies to the insulin receptor, hemo-
chromatosis, mutation in insulin receptor, and mutations
of the peroxisomes proliferators activator receptor y
(PPARYy) [18, 19].

Pathophysiological aspects of IR in AF patients

Various studies have been conducted to explain the rela-
tionship between insulin resistance and AF as explained
in Table 1, and their pathophysiological relationship is
also explained in the form of Fig. 2.

There are many risks factor for the predisposing of AF
such as obesity, obstructive sleep apnea, aging, coro-
nary artery disease, and hypertension [20]. Also, obesity
increases the adipocytokines which promote low-grade
chronic inflammation, upsetting insulin signaling and
action which results in contributing to the development
of diabetes mellitus and insulin resistance [21]. Left atrial
remodeling is caused by adipocyte inflammation and oxi-
dative stress which is associated with insulin resistance
[22].

Another study also revealed that insulin resistance
was linked to diabetes, inflammation, and obesity, all of
these common risk factors for AF. Next, it is a common
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metabolic substrate that is linked to many cardiovascular
diseases. Metabolic syndrome was also linked to insulin
resistance which is also a risk factor and predisposition
for AF. They found a validated research tool for the exam-
ination of insulin resistance such as the homeostasis
model assessment index for insulin resistance leading to
an incident of AF in the community. Further, metabolic
syndrome and type 2 diabetes were associated with inci-
dent AF in which insulin resistance might be involved
in the pathophysiological process of arrhythmia because
insulin resistance might be a mediator between AF and
Metabolic syndrome [3].

In the same way, Rutter study also demonstrated that
insulin resistance plays an important role in the patho-
genesis of left ventricular (LV) hypertrophy that makes
associated with abnormal glucose tolerance and diabetes
mellitus. The left atrial size increases as well as the insu-
lin resistance increases in level. Insulin resistance causes
hyperglycemia which is a condition in which the levels
of glucose are higher which leads to increased cellular
lipids, nonenzymatic glycation end products, insulin-
like growth factors-mediated effects, altered myocar-
dial protein degradation that results in LV remodeling,
and left ventricular hypertrophy. Insulin resistance also
causes hyperinsulinemia, a condition in which the levels
of insulin is higher, which leads to potential mechanisms
that altered matrix remodeling and vascular compliance,
which increase renal sodium reabsorption and sympa-
thetic activation resulting in LV remodeling and left ven-
tricular hypertrophy [23].

Table 1 Studies showing Insulin Resistance (IR) role in Atrial Fibrillation (AF)

Author Place of study Type of study Year Main findings References

Leeetal Korea A community-based, longitudinal study 2020 A significant association between atrial fibrillation and ~ [29]
insulin resistance

Polovinaetal Serbia Editorial investigation 2020 Needs to promote further research [83]

Park et al Korea Prospective cohort study 2019 IR (HOMA-IR) was connected with AF independently of ~ [84]
obesity in non-diabetics

Chanetal Taiwan Experimental study on models 2019 Insulin resistance contributes to increased AF suscep- [32]
tibility

Maria et al United States  Experimental study on mice 2018 During diabetes, insulin deficiency could have resulted  [37]
in alteration in energy production as well as glucose
transport in the atria which can increase the susceptibil-
ity to AF

Fontesetal  Boston Community-based cohort 2012 They reported that there was no significant link [3]
between incident AF and insulin resistance

ShigematsuY Japan Cross-sectional study 2011 Insulin resistance may be a significant basic mechanism  [24]
for the beginning of AF in hypertrophic cardiomyopa-
thy (HCM)

Ostgrenetal  Sweden Community-based, cross-sectional 2004 The combined occurrence of Hypertension and type [31]

observational study

2 diabetes are linked to AF in which insulin resistance
might be a common original mechanism
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Insulin Resistance:

Pathophysiological aspects in Atrial
Fibrillation (AF)
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Fig. 2 Summary of pathophysiological aspects of insulin resistance in AF. Source: Designed by the author with the help of review articles

Insulin-like growth factor 1 (IGF-1) is a growth hor-
mone that is a polypeptide that is synthesized by the
liver. It was performed some similar functions due to its
structural resemblance with insulin. It decreases cardiac
contractility and plays important role in the pathogenesis
of hypertrophic cardiomyopathy (HCM). Also, insulin-
like growth factor-binding protein 3 (IGFBP-3) is a main
binding protein. It has been involved in the synthesis of
protein, diabetes, development of cells and bone metabo-
lism, uncontrolled division of cells, and atherosclerosis. It
reduced oxidative stress and also, IR was more common
in non-diabetic patients with HCM and AF than in those
with HCM and sinus rhythm. Moreover, it has been rec-
ommended that insulin resistance may be the underly-
ing mechanism mediating the development of AF by the
increase in Left Atrial size or impaired Left Ventricular
diastolic function [24]. Moreover, Kannel et al. demon-
strated that diabetes and insulin resistance are the risk
factors for the development and progress of AF. Diabetes
and glucose intolerance are risk factors for AF accord-
ing to the Framingham Heart Study [25]. Also, hyper-
tension and diabetes mellitus are predisposing to AF.

Left ventricular hypertrophy, diastolic dysfunction, and
many other mechanisms are caused due to diabetes mel-
litus which further resulted in electrical and mechanical
remodeling of the atrium [25-27].

Pastucha et al. used the validated research tools to
define the relation of AF with IR. It is called the Home-
ostasis model assessment of insulin resistance. It was
assessed by formula= (Fasting plasma insulin [microu-
nits per milliliter]) x (Fasting plasma glucose [micromole
per litre])/22.5. Another formula was called Quantitative
Insulin Sensitivity Check Index (QUICK) that was used
for the early detection of insulin resistance in diagnos-
tic values. It was assessed by the formula of QUICK=1/
[log fasting insulin (ulU/ml)+log fasting blood glucose
(mg/100 ml)] [28]. In the same way, Lee et al. concluded
that obesity, diabetes mellitus, and metabolic syndrome
were found to be linked to an increase in the risk of AF
in which insulin resistance was suspected to link these
factors with the increase of the risk of AF. Moreover, the
authors selected HOMA-IR to measure insulin resistance
which is related to increasing the risk of Atrial Fibrilla-
tion. In the general population without diabetes, insulin
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resistance facilitates the unfavourable effects of obesity
on the progress of Atrial Fibrillation [29].

In contrast, Garg et al. study concluded that there was
no evidence of an association between the incidence of
AF and either fasting or post-glucose load IR measures
[30]. Also, Fontes et al. found no association between the
incidence of AF and insulin resistance in which HOMA
IR was 1.18, 95% confidence interval 0.84 to 1.65, p =0.34
[3]. Moreover, Ostgren et al. study concluded the com-
bined occurrence of hypertension and type 2 diabetes are
linked to AF in which insulin resistance might be a com-
mon original mechanism and IR was measured by the
homeostasis model assessment (HOMA) and resulted in
the lost significance with adjustment for insulin resist-
ance; 1.3 (0.5-3.1) [31].

IR causes abnormal calcium homeostasis as well as
interstitial fibrosis in atria which increased the ectopic
activities and caused the change in the atria which play a
role in AF genesis. IR also has a direct role in the expres-
sion of fibroblasts and transforming growth factor-beta 1
(TGF-B1) in myocytes that results in atrial fibrosis. Ulti-
mately, the authors suggested that upstream therapy tar-
geting calcium/calmodulin-dependent protein kinase II
(CaMKII), reducing oxidative stress, and transforming
growth factor-beta 1 (TGF-f1) are potentially effective
strategies for preventing AF caused by a diet high in cho-
lesterol, fat and sugar [32].

A large meta-analysis has reported that patients with
diabetes have a 40 per cent greater risk for AF as com-
pared to patients without diabetes [33]. Also, Yeh and
Heijman studies have shown that IR was linked with
numerous aspects of remodeling in the atria including
hyperphosphorylated calcium handling-related pro-
teins, increased oxidative stress, and increased interstitial
fibrosis [34, 35].

Furthermore, Karam et al. conducted a study to explain
that all these systemic diseases could share common and
numerous Atrial Fibrillation-precipitating electrical and
structural remodeling processes in atria that emphasize
increased oxidative stress produced by nicotinamide
adenine dinucleotide phosphate (NADPH) oxidase,
dysfunctional mitochondrial and nitric oxide synthase
[36]. Additionally, the disturbances in insulin and glu-
cose might increase the arrhythmogenicity of the atrium
which contains the pacemaker of the heart resulting in
AF [3, 10, 32]. Similarly, Maria et al. explained that insu-
lin and glucose disturbance was sufficient to induce AF
susceptibility during mild diabetes [37].

Pharmacological treatment options to control the insulin
resistance in AF patients

Diabetes mellitus (DM) is the most important risk fac-
tor for AF and also increases the incidence of AF which
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is also a predictor of stroke and thromboembolism.
According to the literature, many drugs or medications
are used for the treatment of type 2 diabetes in AF sub-
jects. Whereas Church et al. [38] reported Pharmacologi-
cal Treatment Options to treat the patients with severe
insulin resistance, such as Biguanides (metformin), thia-
zolidinediones (TZDs) [Pioglitazone, rosiglitazone],
Sodium-glucose cotransporter 2 (SGLT2) inhibitors,
Concentrated Insulin Products, Dipeptidyl peptidase-4
(DPP-4) Inhibitors, Glucagon-like peptide 1 (GLP-1)
receptor Agonists, Pramlintide, Sulfonylureas, Megli-
tinides, a-Glucosidase Inhibitors, Colesevelam, Bro-
mocriptine. However, this review article only focuses few
major Pharmacological Treatment Options which are
used to manage insulin resistance and their role in AF
subjects. Table 2 explains the summary of the drugs that
are used to manage insulin resistance and their role in AF
patients.

1. Metformin role in AF patients

Metformin has many benefits in the case of cardiovascu-
lar protection such as left ventricular mass, myocardial
infarction, cardiovascular death, reduction in blood pres-
sure, heart failure, stroke, and all-cause mortality [39]. It
also increases ketone body metabolism, promotes fatty
acid oxidation, reduces lipid accumulation, induces the
expression of glucose transporter in cardiomyocytes, all
of which happened due to the activation of 5’- adeno-
sine monophosphate-activated protein kinase, and it also
facilitated efficient energy use with reduction of meta-
bolic stress [40, 41].

To decrease the incidence of AF in diabetic patients
with and without myocardial infarction, metformin was
associated to prevent the structural and electrical remod-
eling of the left atrium through improving calcium home-
ostasis, attenuating inflammation, activating 5’ adenosine
monophosphate-activated protein kinase, increasing
connexin-43 gap junction expression, attenuating intra-
cellular reactive oxygen species, restoring small conduct-
ance calcium-activated potassium channels current [39].
Metformin is recommended for the treatment of type 2
diabetes mellitus and exerts an insulin-sensitizing effect
[42] and might have anticancer, anti-inflammatory and
antimicrobial and antiaging effects [43—46].

Ostropolets et al. found a reduced risk of atrial arrhyth-
mias such as AF in patients on metformin monotherapy
as compared to monotherapy with a thiazolidinedione
or dipeptidyl peptidase 4 inhibitor medications [47].
Another recent study on the Taiwanese population found
that both thiazolidinediones and metformin were linked
with lowered risk of new-onset AF [48].
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The lower risk of hospitalization for AF patients was
linked to the use of metformin, with type 2 diabetes mel-
litus [49]. The estimated lifetime risk of AF is 22-26%
while the 1.4—1.6-fold higher risk of diabetic patients [33,
50]. The 20% risk of AF was lower as a result of treatment
with metformin. Insulin resistance was improved by met-
formin because the expression of insulin receptors was
increased and tyrosine kinase was activated [51], whereas
Packer et al. study has shown the reduction of AF by met-
formin, improving the dysfunction of epicardial adipose
tissue [52]. The pro-fibrotic biomarkers (transforming
growth factor-beta one, interleukin-6, tissue inhibitor of
metalloproteinase-1, matrix metalloproteinase-1) play a
role in causing AF [41, 53].

Interestingly, the signaling pathways of transform-
ing growth factor-beta one was inhibited by metformin.
The mechanism to reduce the AF linked to metformin
use could be multifactorial and related to reducing the
metabolic stress and insulin resistance, inflammation also
inhibited and improvement of cardiac fibrosis [54]. Chan
et al. explained that metformin might stop rapid pacing-
inducing atrial myocytes structural remodeling by reduc-
ing intracellular oxidation stress. Also, reported that this
anti-diabetic medication with the improvement of insulin
resistance could be effective in preventing atrial remod-
eling and AF in people with IR and prediabetes [32].

2. Thiazolidinediones (TZDs) role in AF patients

Thiazolidinediones (TZDs) are insulin sensitizers that act
as peroxisome proliferator-activation receptor gamma
(PPARgamma) agonists, which is developed to treat
type 2 diabetic patients. Specifically, it improves insulin
action and decreases insulin resistance. It also regulates
molecules that affect insulin action and lipid metabo-
lism. However, the exact mechanism is not clear that
how these agents decrease insulin resistance but agents
could decrease the elevated free fatty acid levels present
in insulin-resistant patients and also change the body dis-
tribution of adipose tissue. Insulin-resistant type 2 dia-
betic patients treated with thiazolidinediones not only
improve glycemic control but also decrease insulin resist-
ance and also improve many of the abnormalities which
are part of the insulin resistance syndrome [55]. Similarly,
Saltiel et al. also explained that the action of thiazolidin-
ediones to reduce insulin resistance by increasing insu-
lin-dependent glucose disposal and also lowering hepatic
glucose output. It is also designed to enhance the actions
of insulin. It is represented a safe and effective new treat-
ment in the clinical studies that include patients with
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type 2 diabetes, other syndromes characterized by insulin
resistance [56].

Chao et al. research had reported the possible asso-
ciation between new-onset of AF and thiazolidinedione
treatment in 12,605 patients with diabetes. During fol-
low-up of 5 years, thiazolidinediones, after adjustment of
age, baseline medications, as well as underlying diseases,
were reduced the risk of AF occurrence by 31 per cent
[57]. Moreover, Gu et al. revealed the improved preserva-
tion of sinus rhythm with pioglitazone and lowered the
re-ablation rate in subjects with diabetes who underwent
catheter ablation due to AF [58].

Numerous studies had reported that thiazolidinedi-
one might be potentially beneficial for Atrial Fibrillation
prevention because it is a class of peroxisome prolifera-
tor-activation receptor—y activator. Also, authors had
reported that in DM patients, the thiazolidinedione could
be a novel upstream therapy for AF, but it required fur-
ther large-scale randomized, controlled trials with long
term follow-up period, which was used to evaluate the
potential role of AF prevention [57, 59, 60].

Pallisgaard et al. study also reported that thiazolidin-
edione is an insulin sensitizer that also has anti-inflam-
matory effects. In conclusion, the author found the
reduced risk of developing AF was linked with the use
of thiazolidinedione to treat diabetes as compared with
other antidiabetic drugs as second-line treatment [61].
Furthermore, Zhang et al. study reported, in a compre-
hensive meta-analysis on 130,854 diabetic patients, that
protection against AF incidence may be due to the use of
thiazolidinedione, also observed the beneficial effects of
thiazolidinediones were consistently in both new-onset
as well as recurrent AF. The reduced risk of incident AF
was statistically associated with the use of Pioglitazone,
whereas rosiglitazone use had not shown a statistically
significant difference and protective effects of the use of
thiazolidinedione [62]. Similarly, Simo et al. study also
suggested the beneficial effect of the use of Pioglita-
zone on cardiovascular disease, while the increased risk
of cardiovascular diseases was observed due to the use
of rosiglitazone [63]. Lee et al. demonstrated in a meta-
analysis on three randomized controlled trials, the use of
pioglitazone could be associated with a 32 per cent lower
risk of stroke recurrence in comparison with a placebo
in 4980 subjects with previous stroke and either insulin
resistance, prediabetes, or type 2 diabetes mellitus [64].

A recent meta-analysis had reported that cardiovascu-
lar and all-cause mortality, myocardial infarction, stroke
and other major cardiovascular events had shown favour-
able effects by GPL-1 receptor agonists. In contrast, it is
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uncertain in the case of heart failure and data excluded
about AF because of safety issues in this respect [65].

3. Sodium-glucose cotransporter-2 (SGLT,) inhibitors
role in AF patients

Sodium-glucose cotransporter 2 (SGLT2) inhibitors
are used in the treatment of type 2 diabetes with meta-
bolic syndrome with an elevated risk of cardiovascular
diseases and also an insulin-independent class of oral
antihyperglycemic medication [66]. Likewise, another
drug sodium-glucose cotransporter-2 (SGLT,) inhibi-
tors used to reduce the risk of major adverse CVDs and
hospitalization for heart failure [67]. In a meta-analysis of
numerous clinical trials, NAF was not linked with SGLT,
inhibitors as compared to placebo [68]. Likewise, other
studies including Dapagliflozin Effect on Cardiovascu-
lar Events (DECLARE), CANagliflozin Cardiovascular
Assessment Study (CANVAS), BI 10773 [Empagliflozin]
Cardiovascular Outcome Event Trial in Type 2 Diabetes
Mellitus Patients (EMPAREG) outcomes, reported that
there was no significant difference between SGLT,, inhib-
itors and new-onset atrial fibrillation (NAF). These stud-
ies suggest that SGLT, inhibitors could prevent adverse
cardiovascular events, on the incidence of AF, and found
no effect [69-71].

4. Glucagon-like peptide 1 (GLP-1) receptor Agonist’s
role in AF patients

In type 2 diabetes with low risk for hypoglycemia, a novel
drug called Glucagon-like peptide-1 receptor agonists
(GLP-1 RAs), was used for glucose-lowering [69]. It also
played role in the reduction of inflammation, lipid con-
centration and systolic blood pressure and also a caused
significant reduction in body weight. Therefore gluca-
gon-like peptide-1 receptor agonists are suggested as
candidates for use in diabetic patients with a high risk of
cardiovascular diseases [70]. Similar, Newman et al. also
stated another new class of diabetes medication includ-
ing Glucagon-like peptide-1 receptor agonists linked to
a lower risk of major adverse cardiovascular events [67].
Conversely, Monami et al. explained in a recent meta-
analysis of data from several clinical trials, the incidence
of NAF and Glucagon-like peptide-1 receptor agonists
were not associated [72]. Korantzopoulos study also
reported the better recovery to sinus rhythm with rosigli-
tazone in those isolated cases of patients with paroxysmal
AF and diabetes. In Taiwan, a case—control study in 2018
showed a lower risk of developing AF was associated with
the use of type 2 diabetes drugs [48, 73].
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5. Dipeptidyl peptidase-4 (DPP-4) Inhibitor’s role in AF
patients

The new class of diabetes medication is dipeptidyl pepti-
dase-4 inhibitors, which have cardioprotective effects. It
also inactivates some cytokines, chemokines, neuropep-
tides that are involved in inflammation, vascular func-
tion, and immunity [74]. Ghorpade et al. also reported
that silencing the expression of dipeptidyl peptidase-4
inhibitors on hepatocytes suppressed inflammation of
visceral adipose tissue (VAT) and insulin resistance, but
this effect did not occur with sitagliptin, an orally admin-
istered dipeptidyl peptidase-4 inhibitor [75]. Moreover,
in a recent cohort study, the second line diabetes therapy
uses DPP-4 inhibitors that are linked to a lower risk of AF
as compared to the use of other antidiabetic drugs [76].

Other studies demonstrate that both dipeptidyl
peptidase 4 inhibitor and metformin decrease the risk
of AF with diabetes [76, 77]. Moreover, another study
had reported that dipeptidyl peptidase-4 inhibitor pre-
vents myocardial fibrosis, weight loss, improves myo-
cardial hypertrophy, and active oxygen stress in obese
mice with diabetes. Also, dipeptidyl peptidase-4 inhibi-
tor and vildagliptin might prevent atrial inflammation
and lower the Atrial Fibrillation inducibility in spon-
taneously hypertensive rats’ complications with dia-
betes mellitus [78]. In the same way, Yamamoto et al.
reported that DDP-4 inhibitor alogliptin could shorten
the duration of AF induced by ventricular tachy-pacing
in rabbits with fibrotic atria [79]. Furthermore, DDP-4
inhibitors could have an antiarrhythmic effect in the
prevention and management of AF [62].

6. Sulfonylurea’s role in AF patients

The insulin secretion is stimulated from pancreatic
beta-cells with the help of sulfonylureas and which is
also being used to treat type 2 diabetes patients. ATP-
sensitive potassium (K,p) channel is the main principle
target that played role in controlling the beta-cell mem-
brane potential. Glucose inhibits the K,rp channels or
depolarization of the beta-cell membrane are caused by
sulfonylureas, in turn, the opening of voltage-gated cal-
cium channels are triggered, eliciting calcium influx and
intracellular calcium are raised that stimulate the exocy-
tosis of insulin-containing secreting granules. Moreover,
a variety of other cell types, including skeleton mus-
cle, some brain neurons, smooth and cardiac, have a
high density of K,rp channels which are opened by the
response of metabolic stress that leads to inhibition of
electrical activity and also involved in cerebral ischemic
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and cardiac, neuronal regulation of glucose homeostasis,
control of vascular smooth muscle tone, and seizure pro-
tection [80].

Sulfonylurea therapy is linked with a 4.5-fold increase
in the risk of severe hypoglycemia as compared to met-
formin [81], whereas acute hypoglycemia had been linked
with proarrhythmic because of sympathetic activation
and could explain the overall link between NAF and
sulfonylurea use [82]. To control the risk of AF develop-
ment, numerous researchers had analyzed Sulfonylurea
therapy as compared to other anti-diabetic medications.
However, with studies exceptions, Liou et al. had revealed
that increased risk of new-onset AF was not related to
Sulfonylurea [48].

Conclusion

This review concludes that IR is associated with the
development of AF which is also a risk factor for caus-
ing many pathophysiological aspects in AF, such as
left atrial remodeling, left ventricular hypertrophy, left
atrial size increased, interstitial fibrosis in atria, electri-
cal and mechanical remodeling of the atrium, decreased
cardiac contractility, and diastolic dysfunction. How-
ever, future studies are also required to control insu-
lin resistance in AF patients that will not increase the
prevalence of type 2 diabetes mellitus in AF patients.
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