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Abstract. – The prevalence of both atrial fibril-
lation (AF) and diabetes is increasing day by day 
and commonly co-exist with a longer duration of 
diabetes and poor control, putting the individual 
at higher risk of AF. This review article present-
ed some traditional and novel biomarkers relat-
ed to AF in patients with diabetes mellitus. The 
literature review employed several databases, in-
cluding Google Scholar, PubMed, and Science Di-
rect. The investigation was finished on October 
30, 2023. Many terms are utilized, including “AF”, 
“Biomarkers”, “Diabetes Mellitus”, and “Patho-
genesis”. There are numerous biomarkers of di-
abetes, but this review article reports only leptin, 
adiponectin, glycated hemoglobin, ceramide, fer-
ritin, fibrinogen, hematological indices, interleu-
kin-18, thrombospondin 1, acylcarnitine, plasmin-
ogen activator inhibitor-1 and triglycerides and 
high-density lipoprotein cholesterol, since those 
biomarkers play a significant role in the patho-
genesis of AF. However, no data was found, in-
cluding fructosamine, glycated albumin, 1,5 an-
hydroglucitol, fetuin-A, α-hydroxybutyrate, 
mannose-binding lectin serine peptidase, trans-
ferrin, IL-1 receptor antagonist in AF. Under-
standing the interplay between diabetes and AF 
through the measurement of relevant biomarkers 
can contribute to better risk assessment, early 
detection, and the development of targeted thera-
peutic strategies for individuals at risk or already 
affected by these conditions.
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Introduction 

Diabetes mellitus (DM) is one of the biggest 
global public health issues and has a significant 

negative impact on both socioeconomic progress 
and public health worldwide. Although incidence 
has begun to decline in some nations, diabetes 
prevalence has scaled over the past few decades 
in the majority of other advanced and developing 
worlds1. Just under half a billion people are liv-
ing with diabetes worldwide, and the number is 
predicted to increase by 25% in 2030 and 51% in 
20452. However, the most prevalent arrhythmia 
is atrial fibrillation (AF), and incidence rates are 
increasing quickly globally. In China, the preva-
lence of AF is 0.65%, while the global prevalence 
of AF (age-adjusted) is 0.60% for men and 0.37% 
for women. As the world’s population ages, it is 
expected that the number of people with AF will 
continue increasing3.

The prevalence of both atrial fibrillation and di-
abetes is increasing day by day. These two condi-
tions commonly coexist, and the risk of developing 
AF increases with a longer duration of diabetes and 
poor control of blood sugar4. The new-onset AF 
(NAF) is gradually increasing worldwide because 
of the DM and comorbidity with AF5,6. Moreover, 
Nichols et al7 reported the prevalence of AF was 
significantly greater among patients with diabe-
tes (3.6 vs. 2.5%, p<0.0001). Prevalence increased 
with age in both groups but was significantly exag-
gerated among diabetic patients7. 

Two significant, closely connected, and chron-
ic cardiovascular diseases with concurrently 
increasing prevalence rates are AF and DM. 
Although the pathogenic processes behind the 
co-occurrence of AF and DM remain unclear, it 
is now known that DM triggers the development 
of AF. The clinical progression of established AF 
is further impacted by DM, which is similarly 
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linked to a marked increase in the risk of stroke, 
AF recurrence, and cardiovascular mortality. Re-
search on how DM affects AF management and 
prognosis is sufficient8.

Prediabetes is a serious condition that is ex-
pected to impact 482 million people worldwide 
by the year 2040. To lower the risk of developing 
diabetes and its complications, accurate methods 
for identifying prediabetes will be required9. The 
term “biomarker,” a portmanteau of “biological 
marker,” refers to a large subclass of medical signs, 
or objective indicators of health status seen from 
the outside of the patient, which can be quantified 
precisely and consistently. Medical symptoms, on 
the other hand, are only those markers of health 
or illness that patients themselves may perceive10. 
Due to the increased prevalence of diabetes in AF 
subjects, this article will highlight the major bio-
markers of diabetes in the pathogenesis of AF. 

Biomarkers

There are numerous biomarkers of diabetes9 
but this review article reports only leptin, adi-
ponectin, glycated hemoglobin (HbA1c), cera-

mide, ferritin, fibrinogen, hematological indices, 
interleukin (IL)-18, thrombospondin 1 (TSP-1), 
acyl-carnitine, plasminogen activator inhibitor-1 
(PAI-1), triglycerides (TG) and high-density lipo-
protein cholesterol (HDL-C) in the pathogenesis 
of AF as explained in Figure 1. 

To review the literature, various databases, in-
cluding Google Scholar, PubMed, and Science Di-
rect, were employed. The search was completed on 
October 30, 2023. There are several keywords that 
were used, including “Atrial Fibrillation”, “Bio-
markers”, “Diabetes Mellitus”, and “Pathogene-
sis”. Only clinical investigations in the English lan-
guage were considered. Despite supporting more 
literature, we did not set a time limit. The relevant 
references of articles were explored.

The relationship between diabetes and AF is 
complex and multifactorial. Biomarkers play a 
crucial role in understanding the pathogenesis 
and identifying potential links between these two 
conditions. Diabetes is associated with chron-
ic inflammation and increased oxidative stress, 
which can contribute to the development and pro-
gression of AF. Diabetes has been linked to atrial 
structural remodeling, including fibrosis, which 
can create a substrate for AF. There are numerous 

Figure 1. Summary of circulating levels of major biomarkers of diabetes in atrial fibrillation.
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biomarkers of diabetes, but this article will report 
only a few major biomarkers of diabetes in the 
pathogenesis of AF, as explained in Table I. The 
pathophysiological aspects of leptin in AF are 
elucidated in Figure 2. In the same way, Figure 3 
explains the pathophysiological aspects of major 
biomarkers of diabetes in AF.

Leptin

Leptin, an adipocyte-derived hormone, serves 
as a crucial regulator of food intake and ener-
gy balance. The leptin molecule has a size of 16 
kDa and is composed of 167 amino acids, which 
includes a 21 amino acid secretory signal se-
quence11,12. Its tertiary structure resembles that 
of a globular protein. Insufficient levels of leptin 
resistance can lead to significant issues such as 
obesity, diabetes, and infertility in humans. Ini-
tially recognized for its anti-obesity role, the com-
prehension of leptin’s biological functions has ex-
panded to encompass a wide range of effects on 
reproduction, hematopoiesis, angiogenesis, blood 
pressure, bone mass, lymphoid organ homeosta-
sis, and T lymphocyte systems13. The intricate bi-
ological effects of leptin are orchestrated through 
its receptors, which are expressed both centrally 
and peripherally. Belonging to the class I cyto-
kine receptor superfamily, the leptin receptor has 
at least five isoforms, primarily due to alternate 
splicing. The longest isoform is capable of com-
plete signal transduction, while the shorter forms 
may act as binding proteins, facilitating the trans-
port of leptin across the blood-brain barrier13.

A different investigation explored the idea that 
leptin signaling plays a role in atrial fibrosis and 
AF induced by angiotensin II (AngII). Fukui et al14 
marked the initial confirmation that leptin signal-
ling is crucial for the progression of atrial fibrosis 
and AF triggered by AngII14. Being overweight is 
a significant risk element for AF15. Leptin, a crucial 
adipokine, raises questions about whether it directly 
influences the electrophysiological traits of atrial my-
ocytes. Leptin directs the electrophysiological traits 
and calcium balance in the left atrium. Its ability to 
mitigate the impact of isoproterenol-induced arrhyth-
mogenesis suggests a potentially beneficial role in the 
pathophysiology of atrial arrhythmogenesis15.

Rafaqat et al16 detailed the pathophysiological 
implications of leptin in AF, including increased 
fibrosis, increased inflammation, promotion of 
cardiac remodelling resulting from impaired car-
diac metabolism, vascular dysfunction, ventric-

ular hypertrophy, elevated myocardial workload 
and cardiac hypertrophy. Adiposity is a signifi-
cant factor in the development of AF, and proteins 
associated with it are released differently in males 
and females. Another study17 examined leptin to 
understand its gender-specific impact on mecha-
nisms linked to the progression of AF. The prima-
ry discovery of this study highlights the sex-de-
pendent behaviour of leptin about the burden of 
AF. The relationship of this adipokine with oxi-
dative stress, inflammatory markers, and indirect 
indicators of autonomic activity may contribute 
to the explanation of mechanisms involved in the 
perpetuation of AF17.

The adiponectin-to-leptin (A/L) ratio has been 
recognized as a possible surrogate marker for 
metabolic disorders. However, it is unclear wheth-
er serum A/L ratio is linked to heart rate variabil-
ity in individuals with paroxysmal AF. It was sug-
gested that the A/L ratio, as well as the individual 
levels of adiponectin and leptin, are correlated 
with cardiac autonomic function in patients with 
new-onset paroxysmal AF18. Nevertheless, given 
the acknowledged limitations of HRV analysis 
during the onset of paroxysmal AF, further inves-
tigation is warranted to determine the potential 
utility of these adipokine levels in identifying and 
assessing new-onset paroxysmal AF18.

An increased body mass index (BMI) is a nota-
ble risk factor for AF19. The adipokines leptin and 
adiponectin are linked to BMI, but their specific 
connection with the onset of AF is not fully under-
stood. This association was investigated in a sub-
stantial cohort of postmenopausal women19. The 
study revealed that levels of leptin and adiponectin 
are not significantly associated with AF19.

Adiponectin

The loose connective tissue known as adipose 
tissue, or “fat”, is made up of lipid-filled cells 
called adipocytes that are encased in a matrix of 
collagen fibres, blood arteries, fibroblasts, and 
immune cells20. It is believed that low adiponectin 
levels are a major factor in the emergence of type 
2 diabetes mellitus (T2DM), obesity, and cardio-
vascular disease. Adiponectin is a key physiolog-
ical regulator of insulin sensitivity, glucose and 
lipid metabolism, as well as cardiovascular ho-
meostasis, according to research in both human 
and animal models21. Similarly, Rafaqat et al16 ex-
plained the pathophysiological role of adiponectin 
in AF including involvement in cardiac remodel-
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First author Biomarker 
of diabetes

Main finding of major biomarkers of diabetes in the pathogenesis of AF

Fukui et al14 Leptin Leptin signalling is crucial for the progression of atrial fibrosis and atrial fibrillation triggered 
by angiotensin II.

Lin et al15 Leptin Leptin directs the electrophysiological traits and calcium balance in the left atrium. Its ability 
to mitigate the impact of isoproterenol-induced arrhythmogenesis suggests a potentially ben-
eficial role in the pathophysiology of atrial arrhythmogenesis.

Lopez-Canoa 
et al17

Leptin The sex-dependent behaviour of leptin about the burden of AF is highlighted. The association 
leptin with oxidative stress, inflammatory markers, and indirect indicators of autonomic activity 
may contribute to the explanation of mechanisms involved in the perpetuation of AF.

Ermakov et al19 Leptin Serum levels of leptin and adiponectin are not significantly associated with AF.
Rafaqat et al16 Adiponectin Pathophysiological role of adiponectin in AF including involvement in cardiac remodeling, 

atrial remodeling and autonomic dysfunction and inflammation.
Macheret 
et al22

Adiponectin Adiponectin levels are independently associated with a higher risk of AF in older persons, 
despite its known cardiometabolic advantages.

Guo et al23 Adiponectin Higher baseline levels of circulating adiponectin may be a risk factor for the emergence of 
new-onset AF.

Zhu et al24 Adiponectin Higher serum adiponectin levels were not connected with an increased risk of AF in men or 
individuals ≥65 years old, but they were independently associated with higher risk in women 
and participants <65 years old.

Kim et al25 Adiponectin After catheter ablation for PAF, high circulating adiponectin is independently linked to AF 
recurrence, especially in people <65 years old.

Hernández-
Romero et al26

Adiponectin In anticoagulated women with AF, adiponectin is proposed as an independent predictive bio-
marker for cardiovascular events.

Qi et al28 HbA1c HbA1c could be used as a possible biomarker to predict the development of AF.
Zhao et al29 HbA1c It is necessary to conduct additional prospective studies with larger sample size to examine the 

relationship between HbA1c levels and the risk of POAF.
Kuang et al30 HbA1c In non-valvular AF patients, HbA1c may be significant in determining the risk for the pro-

thrombotic condition.
Wei et al31 HbA1c Reduced contractile performance of the left atrial appendage may be reflected by higher 

HbAlc level, which is linked to a diminished LAAV.
Fangel et al32 HbA1c Increasing levels of HbA1c were linked to higher risk of thromboembolism in patients with 

incident AF and T2DM. However, among patients with T2DM duration of <10 years, no 
connection was discovered.

Narayan et al33 HbA1c HbA1c levels do not independently predict the risk of AF during off-pump CABG despite 
controlling for confounders.

Kinoshita et 
al34 

HbA1c Preoperative HbA1c levels was independent predictor of the development of AF following 
isolated off-pump CABG.

Iguchi et al35 HbA1c The presence of AF was correlated with HbA1c in patients with HbA1c levels <6.5%.
Chan et al36 HbA1c The relationship between HbA1c levels and the risk of IS/SE and significant bleeding in AF 

patients using or not taking oral anticoagulants was observed.
Abbaszadeh 
et al37

HbA1c The development of POAF could not be predicted by the HbA1c levels.

Jensen et al40 Ceramides Ceramides are involved in the processes of oxidative stress, inflammation, and atrial remodel-
ling. Additionally, apoptosis is facilitated by ceramides, and animal studies indicate that apopto-
sis in the presence of fibrosis may contribute to the pathophysiology features of AF.

Signori et al41 Ceramides Higher coffee consumption was linked to higher levels of Cer(d18:1/24:0) and a decreased 
incidence of AF. The risk of AF was negatively correlated with Cer(d18:1/24:0).

Mikkelsen 
et al44 

Ferritin Higher ferritin concentrations are linked to a higher incidence of AF in the general population.

Sokal et al47 Ferritin Serum ferritin levels may be a useful tool for determining the effectiveness of AF treatment. 
Lip et al49 Fibrinogen Increases in plasma fibrinogen and fibrin D-dimer levels are linked to AF. These markers are 

present at intermediate levels in PAF patients, which is consistent with their intermediate risk 
of thromboembolism.

Table I. Summary of studies which reported the major biomarkers of diabetes in atrial fibrillation.

Table continued
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First author Biomarker 
of diabetes

Main finding of major biomarkers of diabetes in the pathogenesis of AF

Lip et al50 Fibrinogen Persistent AF had elevated levels of VWF and plasma fibrinogen.
Mukamal 
et al51

Fibrinogen Even after controlling for their relationship to the risk of cardiovascular disease, higher lev-
els of fibrinogen and lower levels of albumin were linked to a higher risk of AF.

Carter et al52 α-fibrinogen Thr312Ala polymorphism may give rise to an increased susceptibility for embolization of 
intra-atrial clot.

Tilly et al54 Fibrinogen Fibrinogen and the incidence of AF were not significantly associated.
Tóth et al55 Fibrinogen When compared to non-AF controls, none of the studied hemostasis or fibrinolysis parame-

ters indicated intracardiac changes in AF patients.
Rienstra et al57 WBC Higher WBC count was linked to incident AF throughout a 5-year follow-up in a communi-

ty-based population.
Suzuki et al58 NLR, 

monocytes
Residents in the Fukushima Prefecture evacuation zone had higher NLR and monocyte 
counts, which may indicate that inflammation and psychological stress played a significant 
role in mediating the development of AF following the earthquake.

Tran et al59 WBC Observed the relationship between WBC at hospital admission, changes in WBC while in 
the hospital, and the emergence of new-onset AF while being treated for an ACS.

Misialek et 
al60 

WBC, 
neutrophils,
monocytes

Higher total WBC, neutrophil, and monocyte counts all increased the probability of devel-
oping AF, whereas lymphocyte count had the opposite relationship.

Jacob et al61 WBC The development of PNAF was not linked to the perioperative WBC response or any of its 
constituent parts.

Lamm et al62 WBC Postoperative WBC count independently predicts the emergence of postoperative AF with a 
more severe increase.

Bazoukis et 
al64

NLR Larger prospective trials could test the efficacy of straightforward and low-cost hematolog-
ical markers like NLR in predicting AF recurrence in patients receiving catheter ablation. 

 Özbek et al65 RDW Additional research was required to determine the prognostic value of RDW and epicardial 
fat in POAF.

Luan et al67 IL-18 IL-18 levels in patients with AF were increased.
Wang et al68 IL-18 IL-18 rs187238, rs360719, and rs549908 were linked to a lower incidence of AF in the 

patient population.
 Liu et al69 IL-18 The severity and recurrence of AF following cryoablation may be connected to the levels of 

IL-18 which were higher in left atrial blood than peripheral blood.
Liao et al71 TSP-1 TSP-1 is a potential novel indicator of atrial arrhythmias during AMI.
Yang et al72 TSP-1 Elevated TSP-1, TGF-β, and MMP-9 expression as well as elevated atrial fibrosis in AF 

patients.
Smith et al75 Acylcarnitine Link between altered acylcarnitine metabolism and the incidence of AF in a general popula-

tion for the first time, regardless of conventional AF risk variables.
Ruiz-Canela 
et al76 

Acylcarnitine Elevated long-chain acylcarnitines were linked to a greater risk of incident HF and AF in 
people with high cardiovascular risk. A combination of MedDiet and extra virgin olive oil 
may lessen the incidence of AF brought on by long-chain acylcarnitines.

Aitken-Buck 
et al77

Acylcarnitines Circulating acylcarnitines can cause arrhythmic contractions when exposed directly to the 
atrial myocardium, indicating that dysregulated acylcarnitine levels may play a role in the 
pathophysiology of AF.

Mulder et al80 PAI-1 Community-based cohort, PAI-1 and TPA levels were not associated with incident AF.
Li et al81 PAI-1 PAI-1 may be a new therapeutic biomarker for AF, and the p53/PAI-1 signaling axis may 

contribute to the pathophysiological processes of the disease.
Pretorius et al82 PAI-1 Following cardiac bypass, the development of AF is independently predicted by an increased 

preoperative or postoperative PAI-1 antigen concentration.

Table I. (Continued). Summary of studies which reported the major biomarkers of diabetes in atrial fibrillation.

Table continued
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ing, atrial remodeling and autonomic dysfunction 
and inflammation.

Another study results22 show that higher lev-
els of this adipokine are independently associat-
ed with a higher risk of AF in older individuals, 
despite its known cardiometabolic advantages. 

Further research is required to identify wheth-
er adiponectin is a sign of dysfunctional count-
er-regulatory networks or whether this hormone 
actively problems individuals as they get older22. 
Particularly in cohort studies23 with longer fol-
low-up periods, higher baseline levels of circulat-

Figure 2. Major pathophysiological aspects of leptin in atrial fibrillation.

First author Biomarker 
of diabetes

Main finding of major biomarkers of diabetes in the pathogenesis of AF

Li et al86 LDL-C and 
HDL-C

Patients with AF had lower blood lipid levels than healthy controls, particularly lower 
LDL-C and HDL-C levels. Hypolipoproteinemia may make a patient more susceptible to 
AF development.

Alonso et al88 HDL-C and
TG

HDL-C and TG, but not total cholesterol or LDL-C were linked to an increased risk of AF.

Ding et al89 Low HDL-C 
and ApoA-I 
and high TG/
HDL-C ratio

Low ApoA-I and HDL-C, as well as high TG/HDL-C ratio, were related to a higher risk of 
AF over a follow-up of almost 35 years.

Okin et al90 HDL-C The risk of new AF is highly correlated with lower HDL-C levels while receiving therapy.

Table I. (Continued). Summary of studies which reported the major biomarkers of diabetes in atrial fibrillation.

HbA1c – Glycated hemoglobin; VWF – Von Willebrand factor; WBC – White blood cells; NLR – Neutrophil-to-lymphocyte 
ratio; RDW – Red cell distribution width; IL-18 – Interleukine-18; TSP-1 – Thrombospondin 1; PAI-1 – Plasminogen activator 
inhibitor-1; TG – Triglycerides; HDL-C – High-density lipoprotein cholesterol; AF – Atrial fibrillation; POAF – Postoperative 
atrial fibrillation; CABG – Coronary artery bypass grafting; T2DM – Type 2 diabetes mellitus; LAAV – Left atrial appendage 
flow velocity; IS-SE – Ischemic stroke/systemic thromboembolism; AMI – Acute myocardial infarction; TPA – Tissue plasmin-
ogen activator; TGF-β – Transforming growth factor-β; MMP-9 – Matrix metalloproteinase-9; ApoA-I – Apolipoprotein A-I.
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Hemoglobin A1c

Although recent research suggested a link be-
tween HbA1c (i.e., an indicator of long-term gly-
cemic status levels)27 and the incidence of AF, the 
conclusions are not consistent28. More informa-
tion is required, although elevated HbA1c levels 
may be linked to an increased risk of AF. HbA1c 
concentrations could be used as a possible bio-
marker to predict the development of AF28.

Furthermore, AF or postoperative AF (POAF) 
in coronary artery bypass grafting (CABG) pa-
tients and HbA1c are still controversial topics of 
discussion. HbA1c levels and the risk of AF or 
POAF may or may not be correlated in a dose-re-
sponse manner. According to the findings of Zhao 
et al29, having DM, not having DM, or having an 

ing adiponectin may be a separate risk factor for 
the emergence of new-onset AF during follow-up.

Zhu et al24 reported that higher serum adi-
ponectin levels were not associated with an in-
creased risk of AF in men or individuals ≥65 
years old, but they were independently linked 
to a higher risk in women and participants un-
der the age of 65. In the same way, Kim et al25 
explained that after catheter ablation for PAF, 
high circulating adiponectin is independently 
linked to AF recurrence, especially in indi-
viduals under age 65. In anticoagulated female 
patients with AF, adiponectin is proposed as 
an independent predictive biomarker for car-
diovascular events. Another study’s findings26 
highlight the significance of AF as a risk factor 
for atherosclerotic vascular injury.

Figure 3. The pathophysiological aspects of biomarkers of diabetes in atrial fibrillation.
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unknown form of diabetes, all of these increased 
the likelihood of having AF. HbA1c and POAF 
did not, however, appear to be related in individ-
uals following CABG. It is necessary to conduct 
additional prospective studies with larger popu-
lation sizes to examine the relationship between 
blood HbA1c levels and the risk of POAF29. Also, 
in individuals with non-valvular AF, it is import-
ant to assess the association between HbA1c and 
the risk of left atrial thrombus/spontaneous echo 
contrast (LAT/SEC). Elevated HbA1c in non-val-
vular AF patients demonstrated a markedly ele-
vated risk for LAT/SEC. In non-valvular AF pa-
tients, HbA1c may be significant in determining 
the risk for the prothrombotic condition30.

Thromboembolic events and cardiovascular 
disease risk are both enhanced by high HbA1c 
levels. The goal of the study was to investigate 
if HbAlc and left atrial appendage flow velocity 
(LAAV) are related in non-valvular AF patients. 
Reduced contractile performance of the left atrial 
appendage may be reflected by an elevated HbAlc 
level, which is linked to a diminished LAAV31. 
Patients with AF who have DM have an elevated 
risk of stroke, and variations in glycemic status 
may have an impact on this risk. The authors32 
observed the relationship between individuals 
with AF and T2DM and their glycemic status as 
measured by HbA1c. Increasing levels of HbA1c 
were linked to a higher risk of thromboembolism 
in patients with incident AF and T2DM. Howev-
er, among patients with T2DM duration of fewer 
than 10 years, no connection was discovered32.

DM is linked to increased mortality and poor-
er postoperative results in patients undergoing 
coronary artery bypass graft (CABG), and high-
er HbA1c levels have repeatedly been linked to 
poor post-operative results. However, it is still 
unknown how HbA1c affects the development of 
AF. HbA1c levels do not independently predict 
the risk of AF during off-pump CABG despite 
controlling for confounders33. 

Although postoperative AF has not been sig-
nificantly linked to DM, it is known to be a risk 
factor for mortality and morbidity after CABG34. 
Even while a recent study suggested a possible 
connection between preoperative HbA1c level 
and the risk of postoperative AF, this association 
has not been sufficiently explored. Kinoshita et 
al34 investigated to determine whether isolated 
off-pump CABG was associated with AF and 
preoperative HbA1c. Independently, preoperative 
HbA1c predicts the development of AF following 
isolated off-pump CABG34.

Moreover, Iguchi et al35 determined if the prev-
alence of AF and HbA1c levels among Japanese 
individuals in Kurashiki-city are related. Two ex-
aminations of residents over 40 were conducted in 
2006 and 2007. Higher HbA1c (OR, 1.18; 95% CI, 
1.09-1.28; p<0.001) was the factor related to AF 
after adjusting for age, gender, vascular risk fac-
tors, cardiac disease, and estimated glomerular 
filtration rate. Particularly in patients with HbA1c 
levels <6.5%, the presence of AF appears to be 
correlated with HbA1c35.

There are not many studies, particularly look-
ing at the relationship between HbA1c levels and 
the risk of ischemic stroke/systemic thromboem-
bolism (IS/SE) in people with AF. Chan et al36 

observed the relationship between HbA1c levels 
and the risk of IS/SE and significant bleeding in 
AF patients using or not taking oral anticoagu-
lants (OACs). Additionally, in various HbA1c cat-
egories, the efficiency and safety of warfarin with 
direct oral anticoagulants (DOACs) were con-
trasted. OACs may lessen these relationships. For 
AF patients, IS/SE risk dramatically increased 
once HbA1c levels approached 6.5%. In general, 
HbA1c categories, and DOACs were safer and 
more effective than warfarin36. Therefore, for 
eligible AF patients, more aggressive glycemic 
control to attain an HbA1c level of 6.5% may be 
explored in addition to DOAC prescriptions as 
necessary. This approach should be evaluated in 
future prospective trials28. In contrast, Abbasza-
deh et al37 reported that the development of POAF 
could not be predicted by the serum HbA1c level.

Ceramide

In terms of structure, ceramides are described 
as having a sphingoid base, commonly sphin-
gosine with 18 carbons (d18), connected to a fatty 
acyl chain with a range of lengths (14 to 26 car-
bons), with mammalian cells having the most 
frequent length of 16 carbons38. The name “cera-
mides” comes from the unique amide group and 
waxy properties of the molecules (the Latin word 
“cer” means “wax”). Because of their high hydro-
phobicity and low water solubility, these mole-
cules are mainly found in biological membranes. 
Ceramides are extremely prevalent in the upper 
layer of our skin, the epidermis, where they make 
up between 30 and 40 percent of it and act as a 
permeability barrier39.

Ceramides have a variety of biological func-
tions that could affect the pathophysiology as-
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pects of AF. It is unknown if the length of the 
saturated fatty acid carried by ceramide or the 
precursors of their sphingomyelin is related to the 
risk of AF40. It was suggested that different cer-
amide and sphingomyelin species have different 
correlations with the incidence of AF depending 
on the fatty acid. Ceramides and sphingomye-
lins containing palmitic acid were linked to an 
increased risk of AF, but those containing very 
long-chain saturated fatty acids were linked to a 
decreased risk of AF40. Ceramides are lipids with 
a sphingoid backbone and one N-acylated fatty 
acid. Ceramides are involved in the processes of 
oxidative stress, inflammation, and atrial remod-
elling40. Additionally, apoptosis is facilitated by 
ceramides, and animal studies indicate that apop-
tosis in the presence of fibrosis may contribute to 
the pathophysiology features of AF40.

Sphingolipids called ceramides function in bio-
logical processes as second messengers and struc-
tural lipids40. Major cardiovascular events like AF 
are predicted by circulating ceramides, which are 
affected by diet and food41. In conclusion, higher 
coffee consumption was linked to higher levels of 
Cer(d18:1/24:0) and a decreased incidence of AF. 
The risk of AF was negatively correlated with 
Cer(d18:1/24:0)41. 

Ferritin 

Although a mitochondrial form of ferritin has 
recently been discovered and nuclear localization 
and functions have been hypothesized, ferritin is 
primarily found in the cytosol of most tissues42. 
Ferritin is crucial for the storage of intracellular 
iron and has been extensively reviewed in recent 
years. Ferritin is a 24-subunit protein made up of 
two different subunit kinds known as H and L42. 
The clinician can use ferritin to assess common 
disease states such as iron deficiency anemia as 
well as acquired and genetic iron overload dis-
eases like hereditary hemochromatosis and pro-
longed transfusion therapy. Serum ferritin is un-
doubtedly the most helpful marker in the majority 
of populations and is typically included in a panel 
of many blood tests that are frequently ordered to 
identify and treat these diseases, albeit there are 
significant limitations42.

The results of the current study revealed that 
serum ferritin and iron levels have an impact on 
the QT interval in several medical disorders, po-
tentially causing the development of lethal cardiac 
arrhythmias43. As a biomarker of iron overload, 

moderately elevated plasma ferritin has been 
linked to a greater incidence of heart failure (HF) 
and cardiovascular death. However, it is unknown 
if moderately elevated plasma ferritin is associat-
ed with a higher incidence of AF in the general 
population. In the general population, higher fer-
ritin concentrations are linked to a higher inci-
dence of AF44.

Anemia and iron deficiency seem to be ex-
tremely common in people with AF45. Addi-
tionally, women with AF may experience worse 
symptoms and results if they have anemia or iron 
deficiency45. Although further research is need-
ed to validate these preliminary findings, the 
scant information available to date suggests that 
symptomatic patients with AF may benefit from 
investigating and treating anemia and iron defi-
ciency. Future research is necessary to validate 
the incidence of anemia and iron deficit in other 
groups with AF, characterize relationships with 
outcomes better, and ultimately decide whether 
treating anemia and iron deficiency is a unique 
management strategy for individuals with AF45.

Among arrhythmia diseases, AF is the most 
prevalent. Studies46,47 on animals and casual ob-
servations have connected low iron levels to AF. 
However, it is still unclear how iron status and 
AF are related causally. Wang et al46 aimed to 
determine if systemic iron status was causally 
connected to AF by using Mendelian random-
ization analysis, which has been widely used to 
evaluate the causal effect. Authors have reported 
the findings which have demonstrated a direct re-
lationship between a higher iron status caused by 
genetics and an elevated risk of AF. New concepts 
for the clinical prevention and management of AF 
were offered by these results46.

The pathophysiology of cardiac arrhythmia in-
volves intricate pathways that are responsible for the 
development and maintenance of AF. Atrial tissue 
undergoes significant arrhythmic remodeling as a 
result of inflammation47. The current study aims to 
evaluate the applicability of ferritin and high-sen-
sitivity CRP as AF biomarkers and their utility in 
determining the effectiveness of cryoablation. The 
authors reported findings that imply that measuring 
ferritin serum levels may be a useful tool for deter-
mining the effectiveness of AF treatment47.

Fibrinogen

The primary plasma protein coagulation factor 
is fibrinogen. Its lower levels are related to a high-
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er risk of bleeding since primary and secondary 
hemostasis are impaired in such circumstances. 
This traditional positive acute-phase reactant pro-
tein is a good predictor of coronary heart disease 
events48. In the same way, authors reported the 
results that have supported the idea that increas-
es in plasma fibrinogen and fibrin D-dimer lev-
els are linked to AF. These markers are present 
at intermediate levels in PAF patients, which is 
consistent with their intermediate risk of throm-
boembolism49.

Patients with persistent AF had elevated lev-
els of von Willebrand factor (VWF) and plasma 
fibrinogen50. Individuals with persistent AF who 
were not taking warfarin also had higher plasma 
D-dimer levels, which may indicate that these pa-
tients have enhanced intravascular thrombogene-
sis50. Warfarin treatment appears to be successful 
in reducing excessive fibrin turnover, consistent 
with the antithrombotic properties of warfarin, 
as seen by the normalization of circulating fi-
brin D-dimer levels following warfarin admin-
istration. These findings point to three potential 
thrombotic indicators that could be used to eval-
uate AF patients who are at high risk for throm-
bogenesis. D-dimer also deserves consideration 
as a way to measure how well warfarin reduces 
thrombotic risk in these patients50. Even after con-
trolling for their relationship to the risk of cardio-
vascular disease, higher levels of fibrinogen and 
lower levels of albumin were linked to a higher 
risk of AF. These results back up the theory that 
inflammation plays a role in the genesis of AF51.

The α-fibrinogen Thr312Ala polymorphism 
occurs close to several sites important for factor 
XIIIa–-dependent cross-linking, which raises the 
possibility that it affects fibrin clot stability. The 
Thr312Ala polymorphism may give rise to an in-
creased susceptibility for embolization of intra-atri-
al clots, and these findings could have important 
implications for identifying subjects most at risk of 
developing thromboembolic complications52.

When individuals with paroxysmal and per-
sistent AF are compared to matched patients with 
persistent AF or controls in sinus rhythm, there 
are significant variations in the prothrombotic 
condition. Despite the restoration of atrial systo-
le, cardioversion of persistent AF did not signifi-
cantly change markers of hypercoagulability even 
after 3 months of sinus rhythm maintenance53. In 
contraction, Tilly et al54 reported that fibrinogen 
and the incidence of AF were not significantly 
associated, according to their meta-analysis (HR 
1.04, 95% CI 0.99-1.08). Fibrinogen had a negli-

gible correlation with the incidence of AF when 
the more thorough adjustments were included 
(HR 1.05, 95% CI 1.00-1.10)54. When compared to 
non-AF controls, none of the studied hemostasis 
or fibrinolysis parameters indicated intracardiac 
changes in AF patients. Elevated FVIII and VWF 
levels are seen at both the intracardiac and sys-
temic levels in AF patients, most likely as a result 
of endothelial injury55.

Hematological Indices

Throughout at least part of their lifespan, white 
blood cells (WBC), a diverse collection of nucleat-
ed cells, can be present in circulation. Their average 
blood concentration ranges from 4,000 to 10,000 
microliters. They are crucial to phagocytosis, im-
munity, and thus, the fight against infection56.

Inflammatory indicators have been linked to 
AF in several studies. Counting WBC is a fre-
quently used and accessible indicator of systemic 
inflammation. Authors57 observed whether smok-
ing, myocardial infarction, and HF were factors 
that mediate the link between elevated WBC 
count and incidence of AF. Participants in the 
Original Cohort of the Framingham Heart Study 
were assessed. To investigate the relationship be-
tween WBC count and incidence of AF over a 
5-year follow-up period, Cox proportional hazard 
regression analysis was used. After accounting 
for smoking, prior myocardial infarctions, inter-
im myocardial infarctions, and heart failure, the 
authors discovered no meaningful differences. 
In conclusion, increasing WBC was linked to 
incident AF throughout a 5-year follow-up in a 
community-based population. Authors have giv-
en findings that offer more proof that systemic 
inflammation and AF are related57.

The increase in AF prevalence among resi-
dents of Fukushima Prefecture’s evacuation zone 
following the Great East Japan Earthquake58. The 
authors used an observational cross-sectional 
design to examine the relationship between the 
prevalence of AF and WBC following the earth-
quake. Residents in the Fukushima Prefecture 
evacuation zone had higher neutrophil-to-lym-
phocyte ratio (NLR) and monocyte counts on av-
erage, which may indicate that inflammation and 
psychological stress played a significant role in 
mediating the development of AF following the 
earthquake58.

There is not much data connecting high WBC, 
a sign of inflammation, to the emergence of AF 
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late morbidities. The complete blood count (CBC) 
is a crucial blood test used frequently in clinical 
practice to examine cardiovascular disorders. Be-
fore surgery, hematological indices may be used 
to estimate the risk of POAF. In individuals re-
ceiving solitary CABG, valvular surgery, or com-
bined treatments, these simple diagnostics must 
be considered63.

Simple hematologic markers like NLR and red 
cell distribution width (RDW) have been used to 
forecast unfavorable outcomes in a variety of ther-
apeutic contexts. Whether RDW and NLR can pre-
dict AF recurrence in individuals undergoing AF 
ablation was the goal of the investigation of Bazou-
kis et al64. Larger prospective trials could test the 
efficacy of straightforward and low-cost hemato-
logical markers like NLR in predicting AF recur-
rence in patients receiving catheter ablation64.

Despite medical advancements, postoperative 
AF is a common complication following heart 
surgery that poses a challenge for cardiac sur-
geons. Numerous investigations have been made 
to aspect at different factors and determine which 
patients are most likely to develop POAF. RDW 
and epicardial adipose tissue (EAT) volume were 
examined as potential indicators of POAF in the 
investigation65. Even though patients who devel-
oped AF after surgery had high EAT volumes, 
age was the only variable that consistently pre-
dicted POAF in multivariate analysis. Additional 
research was required to determine the prognostic 
value of RDW and epicardial fat in POAF65.

Interleukin-18

Interleukin-18 (IL-18) has a heterodimer struc-
ture, a molecular weight of 22.3 kDa, and is pro-
duced by macrophages, dendritic cells, epithelial 
cells, chondrocytes, osteoblasts, Kupffer cells, 
keratinocytes, astrocytes, renal tubular epithelial 
cells66. AF is taken on by and is maintained by 
inflammation. A key player in the inflammatory 
cascade is the pleiotropic proinflammatory cyto-
kine IL-18. The authors hypothesized that AF pa-
tients have higher circulating IL-18 levels. Luan 
et al67 study showed that IL-18 levels in patients 
with AF were increased. Compared to other in-
flammatory indicators that were known to be ele-
vated in AF, IL-18 may be more effective67.

Approximately 1% to 2% of the general popu-
lation suffers from AF. The development of AF is 
significantly influenced by chronic inflammation, 
and IL-18 is a cytokine that promotes inflamma-

following an acute coronary syndrome (ACS). 
Therefore, authors have observed the relationship 
between WBC at hospital admission, changes in 
WBC while in the hospital, and the emergence of 
new-onset AF while being treated for an ACS59. 
Further research should be done to determine 
whether an increase in the WBC during hos-
pitalization for an ACS is a simple predictor of 
new-onset AF in these patients59.

While AF is a result of inflammation, the rela-
tionship between WBC and AF has not been ad-
equately studied in large cohorts with prolonged 
follow-up. Higher total WBC, neutrophil, and 
monocyte counts all increased the probability of 
developing AF, whereas lymphocyte count had 
the opposite relationship60. Further research is 
necessary to develop preventative measures for 
AF because systemic inflammation may be the 
cause of this connection60.

The most frequent adverse event following 
heart surgery is postoperative new-onset atri-
al fibrillation (PNAF)61. Numerous studies have 
been done on the inflammatory response as a 
potential underlying mechanism. WBC has been 
proven to be the only constant inflammatory pa-
rameter linked to PNAF in limited trials61. In a 
larger study population, this investigation sought 
to ascertain the relationship between periopera-
tive WBC response and PNAF. The development 
of PNAF was not linked to the perioperative WBC 
response or any of its constituent parts61.

The most typical postoperative rhythm prob-
lem after cardiac surgery is AF, which can de-
velop in up to 50% of patients. The best methods 
for preventing AF following cardiac surgery are 
not developed yet, and its cause is still not fully 
understood. Research is currently being done to 
determine how inflammation and oxidative stress 
affect electrical remodeling, and recent studies 
have shown that CRP levels are higher in AF. 
The authors62 look into the relationship between 
the development of postoperative AF following 
cardiac surgery and the postoperative WBC as a 
marker of inflammation. An increased postopera-
tive WBC count, a classic indicator of inflamma-
tion, was linked to cardiac surgery. Postoperative 
WBC count independently predicts the emer-
gence of postoperative AF with a more severe 
rise62. These findings add to the body of evidence 
indicating a connection between postoperative 
AF and the inflammatory response62.

One of the most serious and frequent conse-
quences following cardiovascular surgery, new 
postoperative AF is responsible for both early and 
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tion68. Wang et al68 were interested to evaluate 
the relationship between IL-18 single nucleotide 
polymorphisms (SNPs) and the risk of AF. In 
AF patients compared to controls, the left ven-
tricular ejection percentage was lower, and the 
left atrial diameter was larger, according to 
the presented results68. Even after correcting 
for several confounding variables, IL-18 SNPs 
were linked to a lower risk of AF. Particular-
ly, the rs549908 GT genotype and G allele, as 
well as the rs360719 AG genotype and G al-
lele, were linked to a lower incidence of AF. 
In conclusion, results show that IL-18 rs187238, 
rs360719, and rs549908 were linked to a low-
er incidence of AF in the patient population68. 
Moreover, the severity of AF and recurrence of 
AF following cryoablation may be connected to 
the levels of IL-18, which were higher in left 
atrial blood than peripheral blood69.

Thrombospondin 1

TSPs are a group of matricellular proteins that 
can be released by a variety of cell types. The TSP 
family, which consists of five members (TSP1–5), 
has been separated into two subgroups, subgroup 
A and subgroup B, based on structural differenc-
es70. TSP-1 and TSP-2, which are both trimeric and 
structurally identical and belong to subgroup A, 
are joined by TSP-3, TSP-4, and TSP-5, which are 
pentameric and smaller than those in subgroup A70.

Acute myocardial infarction (AMI) patients 
may experience AF, atrial flutter, atrial tachycar-
dia, and many premature atrial beats as a result 
of atrial remodeling, the primary developmental 
cause of atrial arrhythmias. Although it has been 
demonstrated that TSP-1 is crucial for inflamma-
tory and fibrotic processes, its function in atrial 
arrhythmias is not well understood. The authors71 
aimed to learn about TSP-1’s function in AMI pa-
tients who have atrial arrhythmias. As a result, the 
authors concluded that TSP-1 is a potential novel 
indicator of atrial arrhythmias during AMI71.

Another study72 provided data indicating el-
evated TSP-1, transforming growth factor-β 
(TGF-β), and matrix metalloproteinase-9 (MMP-
9) expression, as well as elevated atrial fibrosis in 
AF patients. Another interesting finding from this 
study72 was that atrial fibrosis in people with AF 
was positively linked with serum levels of TSP-1, 
TGF- β, and MMP-9. In individuals with AF, the 
TSP-1/TGF-β/MMP-9 axis expressed more fre-
quently, which led to atrial fibrosis72.

Acylcarnitine

Esters of l-carnitine with fatty acids make up 
acylcarnitines. They belong to a sizable class of 
metabolites called non-protein amino acids. The 
Human Metabolome Database claims that the 
human body may contain more than 1,200 fatty 
acids73,74. The most prevalent cardiac arrhythmia 
is AF, yet its pathophysiology is not fully under-
stood. Discovering new metabolic pathways im-
plicated in the progression of the disease may be 
assisted by the use of metabolomics. The authors75 
demonstrated links between altered acylcarnitine 
metabolism and the incidence of AF in a general 
population for the first time, regardless of conven-
tional AF risk variables. These findings75 draw 
attention to metabolic changes that occur several 
years before the diagnosis of AF and may shed 
light on the pathophysiology of the condition. Fu-
ture research is required to confirm our findings 
in a different cohort and to determine whether the 
link between acylcarnitines and AF is causal75.

Furthermore, HF and AF development frequent-
ly include a fatty acid metabolic imbalance in mito-
chondria76. The authors76 investigated the relationship 
between plasma acylcarnitine levels and the risk of 
developing HF or AF, as well as the potential mod-
erating effects of the Mediterranean diet (MedDiet). 
Elevated long-chain acylcarnitines were linked to a 
greater risk of incident HF and AF in people with 
high cardiovascular risk. A combination of MedDiet 
and extra virgin olive oil may lessen the incidence of 
AF brought on by long-chain acylcarnitines76.

In AF, remodeling of myocardial metabolism 
is well-established. It is unclear if the circulating 
metabolome of AF patients has changed as a result 
of this remodeling77. The purpose of this investi-
gation was to identify blood metabolites that were 
dysregulated in AF and to assess whether any pro-
spective circulating metabolites might be involved 
in arrhythmogenesis77. The metabolites dysregulat-
ed in persistent AF have been identified by these 
exploratory analyses as being fat intermediates, or 
acylcarnitines77. Furthermore, circulating acylcar-
nitines can cause arrhythmic contractions when 
exposed directly to the atrial myocardium, indicat-
ing that dysregulated acylcarnitine levels may play 
a role in the pathophysiology of AF77.

Plasminogen Activator Inhibitor-1

Endothelial cells produce tissue-type plasmino-
gen activator (TPA), which activates the fibrinolytic 
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proenzyme plasminogen. The fibrinolytic process is 
inhibited by PAI-1, a substance that blocks the action 
of TPA. Both are thrombosis and atherosclerosis risk 
factors as well as indicators of fibrinolysis78,79. The 
relationship between incident AF and TPA, PAI-1, 
and higher risk for stroke has not been shown. In 
this community-based cohort, PAI-1 and TPA levels 
were not associated with incident AF80.

PAI-1 may, therefore, be a new therapeutic bio-
marker for AF, and the p53/PAI-1 signaling axis 
may contribute to the pathophysiological process-
es of the disease81. Moreover, following cardiac 
bypass, the development of AF is independently 
predicted by an increased preoperative or post-
operative PAI-1 antigen concentration. Research 
is required to ascertain whether medications that 
lower PAI-1 concentrations also lower the risk of 
postoperative AF82.

Triglycerides and High-Density 
Lipoprotein Cholesterol

Triglycerides (triacylglycerol or triacylglycer-
ide) allow the bidirectional transference of ad-
ipose fat and blood glucose from the liver83,84. 
Similarly, one of the five main categories of li-
poproteins is HDL. Lipoproteins are multiprotein 
complex particles that move all lipids (fat mole-
cules) through the body’s extracellular fluid (wa-
ter). A total of 80-100 proteins on average make 
up each particle, which is structured by one, two, 
or three apolipoproteins (ApoA). While moving 
through the circulation, HDL particles grow, ac-
cumulating additional fat molecules and carrying 
up to hundreds of fat molecules per particle85.

The most frequent comorbidity in patients with 
cardiovascular disease is dyslipidemia. Stud-
ies86-89 examining the connection between AF 
and blood lipid profiles have been divergent. Li 
et al86 explained that patients with AF had lower 
blood lipid levels than healthy controls, particu-
larly lower LDL-C and HDL-C levels. Hypolipo-
proteinemia may make a patient more susceptible 
to AF development86. Boudi et al87 pointed to a 
potential protective function for HDL-C in the 
management of ACS-related arrhythmias.

When additional cardiometabolic risk variables 
were taken into consideration in two communi-
ty-based cohorts, HDL-C and TG, but not total 
cholesterol (TC) or low-density lipoprotein cho-
lesterol (LDL-C) were linked to an increased risk 
of AF88. In the same way, high TC and LDL-C in 
midlife were associated with a lower risk of AF, 

but this association was present only within 5 years 
from lipid measurement and not thereafter89. On 
the contrary, low ApoA-I and HDL-C, as well as 
high TG/HDL-C ratio were related to a higher risk 
of AF over a follow-up of nearly 35 years. ApoB/
ApoA-I ratio was not associated with AF risk89.

Also, the risk of new AF is highly correlated 
with lower HDL-C levels while receiving ther-
apy89. These results imply that in hypertensive 
patients with left ventricular hypertrophy, serial 
HDL-C testing can estimate AF risk more accu-
rately than baseline HDL-C. Future research may 
examine if treatments that increase HDL-C can 
reduce the probability of having AF90-92.

Conclusions

Leptin, adiponectin, HbA1c, ceramide, ferritin, 
fibrinogen, hematological indices (WBC, neutro-
phils, monocytes, NLR, RDW), IL-18, TSP-1, 
acyl-carnitine, PAI-1, TG, and HDL-C as bio-
markers of diabetes play a significant role in the 
pathogenesis of AF as explained in Figure 2 and 
3. However, no data was found, including fruc-
tosamine, glycated albumin, 1,5 anhydroglucitol, 
fetuin-A, α-hydroxybutyrate, mannose-binding 
lectin serine peptidase, transferrin, IL-1 receptor 
antagonist in AF. Understanding the interplay be-
tween diabetes and AF through the measurement 
of relevant biomarkers can contribute to better risk 
assessment, early detection, and the development 
of targeted therapeutic strategies for individuals 
at risk or already affected by these conditions. 
However, it is important to note that research in 
this field is ongoing, and new biomarkers and in-
sights may emerge over time.

Conflict of Interest 
The authors declare that they have no conflict of interests.

Ethics Approval and Informed Consent  
Not applicable.

ORCID ID 
S. Rafaqat: 0000-0001-7177-5602
A. Klisic: 0000-0001-7870-0996

Funding
No funding was received.



Biomarkers of diabetes: role in the pathogenesis of atrial fibrillation

1537

Authors’ Contributions
All authors contributed to the conception and design of this 
study. The first draft of the manuscript was written by SR. 
Data collection was performed by SR, IRV, SG, SS, and 
AK. AK critically revised the manuscript. All authors have 
read and approved the final version of the manuscript.

Availability of Data and Materials
Not applicable.

References 

 1) Lin X, Xu Y, Pan X, Xu J, Ding Y, Sun X, Song 
X, Ren Y, Shan PF. Global, regional, and national 
burden and trend of diabetes in 195 countries and 
territories: an analysis from 1990 to 2025. Sci Rep 
2020; 10: 14790.

 2) Saeedi P, Petersohn I, Salpea P, Malanda B, Karu-
ranga S, Unwin N, Colagiuri S, Guariguata L, Mo-
tala AA, Ogurtsova K, Shaw JE, Bright D, Williams 
R; IDF Diabetes Atlas Committee. Global and re-
gional diabetes prevalence estimates for 2019 and 
projections for 2030 and 2045: Results from the 
International Diabetes Federation Diabetes Atlas, 
9th edition. Diabetes Res Clin Pract 2019; 157: 
107843. 

 3) Li C, Wang H, Li M, Qiu X, Wang Q, Sun J, Yang 
M, Feng X, Meng S, Zhang P, Liu B, Li W, Chen 
M, Zhao Y, Zhang R, Mo B, Zhu Y, Zhou B, Chen 
M, Liu X, Zhao Y, Shen M, Huang J, Luo L, Wu H, 
Li YG. Epidemiology of Atrial Fibrillation and Re-
lated Myocardial Ischemia or Arrhythmia Events 
in Chinese Community Population in 2019. Front 
Cardiovasc Med 2022; 9: 821960. 

 4) Dobbin S, Fisher M, McKay G. Management of 
atrial fibrillation in diabetes. Practical Diabetes 
2018; 35: 27-31.

 5) Davis TM, Millns H, Stratton IM, Holman RR, Tur-
ner RC. Risk factors for stroke in type 2 diabetes 
mellitus: United Kingdom Prospective Diabetes 
Study (UKPDS) 29. Arch Intern Med 1999; 159: 
1097-1103.

 6) Bloomgarden Z, Bansilal S. A Diabetes-Atrial 
Fibrillation Conundrum: Does Duration Trump 
Glycemia? J Am Coll Cardiol 2016; 67: 248-250.

 7) Nichols GA, Reinier K, Chugh SS. Independent 
contribution of diabetes to increased prevalence 
and incidence of atrial fibrillation. Diabetes Care 
2009; 32: 1851-1856.

 8) Papazoglou AS, Kartas A, Moysidis DV, Tsagka-
ris C, Papadakos SP, Bekiaridou A, Samaras A, 
Karagiannidis E, Papadakis M, Giannakoulas G. 
Glycemic control and atrial fibrillation: an intricate 
relationship, yet under investigation. Cardiovasc 
Diabetol 2022; 21: 39.

 9) Dorcely B, Katz K, Jagannathan R, Chiang SS, 
Oluwadare B, Goldberg IJ, Bergman M. Novel bio-
markers for prediabetes, diabetes, and associated 
complications. Diabetes Metab Syndr Obes 2017; 
10: 345-361.

10) Strimbu K, Tavel JA. What are biomarkers? Curr 
Opin HIV AIDS 2010; 5: 463-466. 

11) Glaum SR, Hara M, Bindokas VP, Lee CC, Polon-
sky KS, Bell GI, Miller RJ. Leptin, the obese gene 
product, rapidly modulates synaptic transmission 
in the hypothalamus. Mol Pharmacol 1996; 50: 
230-235. 

12) Münzberg H, Morrison CD. Structure, production 
and signaling of leptin. Metabolism 2015; 64: 13-23.

13) Zhang F, Chen Y, Heiman M, Dimarchi R. Leptin: 
structure, function and biology. Vitam Horm 2005; 
71: 345-372. 

14) Fukui A, Takahashi N, Nakada C, Masaki T, Kume 
O, Shinohara T, Teshima Y, Hara M, Saikawa T. 
Role of leptin signaling in the pathogenesis of an-
giotensin II-mediated atrial fibrosis and fibrillation. 
Circ Arrhythm Electrophysiol 2013; 6: 402-409. 

15) Lin YK, Chen YC, Huang JH, Lin YJ, Huang SS, 
Chen SA, Chen YJ. Leptin modulates electrophy-
siological characteristics and isoproterenol-indu-
ced arrhythmogenesis in atrial myocytes. J Bio-
med Sci 2013; 20: 94. 

16) Rafaqat S, Rafaqat S, Rafaqat S. Pathophysiolo-
gical role of major adipokines in Atrial Fibrillation. 
Int J Arrhythm 2021; 22: 18.

17) López-Canoa JN, Couselo-Seijas M, Baluja A, 
González-Melchor L, Rozados A, Llorente-Cortés 
V, de Gonzalo-Calvo D, Guerra JM, Vilades D, 
Leta R, Martínez-Sande JL, García-Seara FJ, Fer-
nández-López XA, González-Juanatey JR, Eiras 
S, Rodríguez-Mañero M. Sex-related differences 
of fatty acid-binding protein 4 and leptin levels in 
atrial fibrillation. Europace 2021; 23: 682-690.

18) Zhu T, Chen M, Wang M, Wang Z, Wang S, Hu 
H, Ma K, Jiang H. Association between adipo-
nectin-to-leptin ratio and heart rate variability in 
new-onset paroxysmal atrial fibrillation: A retro-
spective cohort study. Ann Noninvasive Electro-
cardiol 2022; 27: e12896. 

19) Ermakov S, Azarbal F, Stefanick ML, LaMonte MJ, 
Li W, Tharp KM, Martin LW, Nassir R, Salmoira-
go-Blotcher E, Albert CM, Manson JE, Assimes 
TL, Hlatky MA, Larson JC, Perez MV. The asso-
ciations of leptin, adiponectin and resistin with in-
cident atrial fibrillation in women. Heart 2016; 102: 
1354-1362.

20) Ahima RS, Flier JS. Adipose tissue as an endocri-
ne organ. Trends Endocrinol Metab 2000; 11: 327-
332. 

21) Achari AE, Jain SK. Adiponectin, a Therapeutic 
Target for Obesity, Diabetes, and Endothelial Dy-
sfunction. Int J Mol Sci 2017; 18: 1321.



S. Rafaqat, I. Radoman Vujačić, S. Gluscevic, S. Sharif, A. Klisic

1538

22) Macheret F, Bartz TM, Djousse L, Ix JH, Mukamal 
KJ, Zieman SJ, Siscovick DS, Tracy RP, Heckbert 
SR, Psaty BM, Kizer JR. Higher circulating adipo-
nectin levels are associated with increased risk of 
atrial fibrillation in older adults. Heart 2015; 101: 
1368-1374.

23) Guo Y, Liu L, Wang J. Adiponectin and the risk 
of new-onset atrial fibrillation: a meta-analysis of 
prospective cohort studies. Biosci Rep 2019; 39: 
BSR20182284. 

24) Zhu T, Wang Z, Wang S, Hu W, Chen H, Xie J, 
Wang M, Ma K, Jiang H. Association between 
Serum Adiponectin and Atrial Fibrillation: A Ca-
se-Control Study Stratified by Age and Gender. 
Cardiol Res Pract 2021; 2021: 6633948.

25) Kim TH, Lee JS, Uhm JS, Joung B, Lee MH, Pak 
HN. High circulating adiponectin level is associa-
ted with poor clinical outcome after catheter abla-
tion for paroxysmal atrial fibrillation. Europace 
2018; 20: 1287-1293. 

26) Hernández-Romero D, Jover E, Marín F, Vilchez 
JA, Manzano-Fernandez S, Romera M, Vicente V, 
Valdés M, Lip GY, Roldán V. The prognostic role 
of the adiponectin levels in atrial fibrillation. Eur J 
Clin Invest 2013; 43: 168-173. 

27) Rawal G, Yadav S, Kumar R, Singh A. Glycosyla-
ted hemoglobin (HbA1C): A brief overview for clini-
cians. Indian J Immunol Respir Med 2016; 1: 33-36.

28) Qi W, Zhang N, Korantzopoulos P, Letsas KP, 
Cheng M, Di F, Tse G, Liu T, Li G. Serum glycated 
hemoglobin level as a predictor of atrial fibrillation: 
A systematic review with meta-analysis and me-
ta-regression. PLoS One 2017; 12: e0170955.

29) Zhao H, Liu M, Chen Z, Mei K, Yu P, Xie L. 
Dose-response analysis between hemoglobin 
A1c and risk of atrial fibrillation in patients with 
and without known diabetes. PloS One 2020; 15: 
e0227262.

30) Kuang RR, Liu FZ, Li YP, Lin WD, Liang HS, Chen 
AH. Hemoglobin A1c and risk of left atrial throm-
bus and spontaneous echo contrast in non-valvu-
lar atrial fibrillation patients. Eur J Med Res 2017; 
22: 15. 

31) Wei Y, Cui M, Liu S, Yu H, Feng J, Gao W, Li L. In-
creased hemoglobin A1c level associates with low 
left atrial appendage flow velocity in patients of 
atrial fibrillation. Nutr Metab Cardiovasc Dis 2021; 
31: 3176-3183.

32) Fangel MV, Nielsen PB, Kristensen JK, Larsen 
TB, Overvad TF, Lip GYH, Jensen MB. Glycemic 
Status and Thromboembolic Risk in Patients With 
Atrial Fibrillation and Type 2 Diabetes Mellitus: A 
Danish Cohort Study. Circ Arrhythm Electrophysi-
ol 2019; 12: e007030. 

33) Narayan P, Mandal CK, Das R, Das D, Ghorai 
PA, Chowdhury SR, Das M. Atrial fibrillation - Can 
HbA1c levels really predict the risk? Asian Cardio-
vasc Thorac Ann 2022; 30: 141-146.

34) Kinoshita T, Asai T, Suzuki T, Kambara A, Matsu-
bayashi K. Preoperative hemoglobin A1c predicts 
atrial fibrillation after off-pump coronary bypass 

surgery. Eur J Cardiothorac Surg 2012; 41: 102-
107. 

35) Iguchi Y, Kimura K, Shibazaki K, Aoki J, Sakai K, 
Sakamoto Y, Uemura J, Yamashita S. HbA1c and 
atrial fibrillation: a cross-sectional study in Japan. 
Int J Cardiol 2012; 156: 156-159.

36) Chan YH, Chuang C, Chan CC, Lee HF, Huang 
YC, Huang YT, Chang SH, Wang CL, Chao TF, 
Kuo CT, Yeh YH, Chen SA. Glycemic status and 
risks of thromboembolism and major bleeding in 
patients with atrial fibrillation. Cardiovasc Diabetol 
2020; 19: 30. 

37) Abbaszadeh S, Shafiee A, Bina P, Jalali A, Sade-
ghian S, Karimi A. Preoperative Hemoglobin A1c 
and the Occurrence of Atrial Fibrillation Follow-
ing On-pump Coronary Artery Bypass Surgery in 
Type-2 Diabetic Patients. Crit Pathw Cardiol 2017; 
16: 37-41.

38) Fahy E, Subramaniam S, Brown HA, Glass CK, 
Merrill AH Jr, Murphy RC, Raetz CR, Russell DW, 
Seyama Y, Shaw W, Shimizu T, Spener F, van 
Meer G, VanNieuwenhze MS, White SH, Witztum 
JL, Dennis EA. A comprehensive classification 
system for lipids. J Lipid Res 2005; 46: 839-861. 

39) Goñi FM, Contreras FX, Montes LR, Sot J, Alonso 
A. Biophysics (and sociology) of ceramides. Bio-
chem Soc Symp 2005; 72: 177-188. 

40) Jensen PN, Fretts AM, Hoofnagle AN, Sitlani CM, 
McKnight B, King IB, Siscovick DS, Psaty BM, 
Heckbert SR, Mozaffarian D, Sotoodehnia N, 
Lemaitre RN. Plasma Ceramides and Sphingo-
myelins in Relation to Atrial Fibrillation Risk: The 
Cardiovascular Health Study. J Am Heart Assoc 
2020; 9: e012853. 

41) Signori C, Meessen JMTA, Laaksonen R, Mag-
gioni AP, Novelli D, Blanda A, Jylhä A, Nicolis E, 
Targher G, Tavazzi L, Tognoni G, Hilvo M, Latini 
R. Coffee, Atrial Fibrillation, and Circulating Cer-
amides in Patients with Chronic Heart Failure. J 
Agric Food Chem 2021; 69: 11236-11245.

42) Wang W, Knovich MA, Coffman LG, Torti FM, 
Torti SV. Serum ferritin: Past, present and future. 
Biochim Biophys Acta 2010; 1800: 760-769. 

43) Laudanski K, Ali H, Himmel A, Godula K, Stett-
meier M, Calvocoressi L. The relationship be-
tween serum ferritin levels and electrocardiogram 
characteristics in acutely ill patients. Exp Clin Car-
diol 2009; 14: 38-41.

44) Mikkelsen LF, Nordestgaard BG, Schnohr P, 
Ellervik C. Increased Ferritin Concentration and 
Risk of Atrial Fibrillation and Heart Failure in Men 
and Women: Three Studies of the Danish Gen-
eral Population Including 35799 Individuals. Clin 
Chem 2019; 65: 180-188.

45) Hanna-Rivero N, Tu SJ, Elliott AD, Pitman BM, 
Gallagher C, Lau DH, Sanders P, Wong CX. Ane-
mia and iron deficiency in patients with atrial fibril-
lation. BMC Cardiovasc Disord 2022; 22: 204.

46) Wang T, Cheng J, Wang Y. Genetic support of a 
causal relationship between iron status and atri-
al fibrillation: a Mendelian randomization study. 
Genes Nutr 2022; 17: 8. 

47) Sokal A, Wójcik S, Pruszkowska P, Kowalski O, 
Lenarczyk R, Liberska A, Mazurek M, Pluta S, 
Kalarus Z. Ferritin as a potential biomarker of effi-



Biomarkers of diabetes: role in the pathogenesis of atrial fibrillation

1539

cacy of treatment of atrial fibrillation - preliminary 
report. Postepy Hig Med Dosw (Online) 2017; 71: 
876-880.

48) Lowe GD, Rumley A, Mackie IJ. Plasma fibrino-
gen. Ann Clin Biochem 2004; 41: 430-440. 

49) Lip GY, Lowe GD, Rumley A, Dunn FG. Fibrino-
gen and fibrin D-dimer levels in paroxysmal atrial 
fibrillation: evidence for intermediate elevated lev-
els of intravascular thrombogenesis. Am Heart J 
1996; 131: 724-730. 

50) Lip GY, Lowe GD, Rumley A, Dunn FG. Increased 
markers of thrombogenesis in chronic atrial fibril-
lation: effects of warfarin treatment. Br Heart J 
1995; 73: 527-533. 

51) Mukamal KJ, Tolstrup JS, Friberg J, Grønbaek M, 
Jensen G. Fibrinogen and albumin levels and risk 
of atrial fibrillation in men and women (the Copen-
hagen City Heart Study). Am J Cardiol 2006; 98: 
75-81. 

52) Carter AM, Catto AJ, Grant PJ. Association of the 
alpha-fibrinogen Thr312Ala polymorphism with 
poststroke mortality in subjects with atrial fibrilla-
tion. Circulation 1999; 99: 2423-2426.

53) Li-Saw-Hee FL, Blann AD, Gurney D, Lip GY. 
Plasma von Willebrand factor, fibrinogen and sol-
uble P-selectin levels in paroxysmal, persistent 
and permanent atrial fibrillation. Effects of cardio-
version and return of left atrial function. Eur Heart 
J 2001; 22: 1741-1747.

54) Tilly MJ, Geurts S, Pezzullo AM, Bramer WM, 
de Groot NMS, Kavousi M, de Maat MPM. The 
association of coagulation and atrial fibrillation: a 
systematic review and meta-analysis. Europace 
2023; 25: 28-39.

55) Tóth NK, Csanádi Z, Hajas O, Kiss A, Nagy-Baló 
E, Kovács KB, Sarkady F, Muszbek L, Bereczky 
Z, Csiba L, Bagoly Z. Intracardiac Hemostasis 
and Fibrinolysis Parameters in Patients with Atrial 
Fibrillation. Biomed Res Int 2017; 2017: 3678017.

56) Blumenreich MS. The White Blood Cell and Dif-
ferential Count. In: Walker HK, Hall WD, Hurst JW, 
editors. Clinical Methods: The History, Physical, 
and Laboratory Examinations. 3rd ed. Boston: 
Butterworths; 1990. Chapter 153. 

57) Rienstra M, Sun JX, Magnani JW, Sinner MF, 
Lubitz SA, Sullivan LM, Ellinor PT, Benjamin EJ. 
White blood cell count and risk of incident atrial 
fibrillation (from the Framingham Heart Study). 
Am J Cardiol 2012; 109: 533-537. 

58) Suzuki H, Ohira T, Takeishi Y, Sakai A, Hosoya M, 
Yasumura S, Kawasaki Y, Takahashi A, Nakano 
H, Kamiya K; Fukushima Health Management 
Survey Group. Association between atrial fibril-
lation and white blood cell count after the Great 
East Japan Earthquake: An observational study 
from the Fukushima Health Management Survey. 
Medicine (Baltimore) 2021; 100: e24177.

59) Tran HV, Erskine NA, Nguyen HL, McManus DD, 
Awad HH, Kiefe CI, Goldberg RJ. Increase in 
white blood cell count is associated with the de-
velopment of atrial fibrillation after an acute coro-
nary syndrome. Int J Cardiol 2019; 274: 138-143.

60) Misialek JR, Bekwelem W, Chen LY, Loehr LR, 
Agarwal SK, Soliman EZ, Norby FL, Alonso A. 
Association of white blood cell count and differen-

tial with the incidence of atrial fibrillation: the Ath-
erosclerosis Risk in Communities (ARIC) study. 
PloS One 2015; 10: e0136219.

61) Jacob KA, Buijsrogge MP, Frencken JF, Ten Berg 
MJ, Suyker WJ, van Dijk D, Dieleman JM. White 
blood cell count and new-onset atrial fibrillation after 
cardiac surgery. Int J Cardiol 2017; 228: 971-976. 

62) Lamm G, Auer J, Weber T, Berent R, Ng C, Eber 
B. Postoperative white blood cell count predicts 
atrial fibrillation after cardiac surgery. J Cardiotho-
rac Vasc Anesth 2006; 20: 51-56.

63) Weymann A, Ali-Hasan-Al-Saegh S, Popov AF, 
Sabashnikov A, Mirhosseini SJ, Liu T, Tse G, 
Lotfaliani M, Ghanei A, Testa L, D’Ascenzo F, 
Benedetto U, Dehghan H, Roever L, Sá MPBO, 
Baker WL, Yavuz S, Zeriouh M, Mashhour A, 
Nombela-Franco L, Jang JS, Meng L, Gong M, 
Deshmukh AJ, Palmerini T, Linde C, Filipiak KJ, 
Biondi-Zoccai G, Calkins H, Stone GW. Haema-
tological indices as predictors of atrial fibrillation 
following isolated coronary artery bypass graft-
ing, valvular surgery, or combined procedures: a 
systematic review with meta-analysis. Kardiol Pol 
2018; 76: 107-118.

64) Bazoukis G, Letsas KP, Vlachos K, Saplaouras A, 
Asvestas D, Tyrovolas K, Rokiza A, Pagkalidou E, 
Tse G, Stavrakis S, Sideris A, Efremidis M. Sim-
ple hematological predictors of AF recurrence in 
patients undergoing atrial fibrillation ablation. J 
Geriatr Cardiol 2019; 16: 671-675.

65) Özbek K, Katlandur H, Arık B, Kuzgun A, Yıldız M, 
Keser A, Özdil H. Role of red blood cell distribu-
tion width and epicardial fat in atrial fibrillation af-
ter cardiopulmonary bypass. Electron J Gen Med 
2018; 15: em02.

66) Rafaqat S, Rafaqat S, Rafaqat S. Major Interleuk-
ins: Role in the Pathogenesis of Atrial Fibrillation. 
J Card Arrhythm 2022; 35: e0422.

67) Luan Y, Guo Y, Li S, Yu B, Zhu S, Li S, Li N, Tian 
Z, Peng C, Cheng J, Li Q, Cui J, Tian Y. Interleu-
kin-18 among atrial fibrillation patients in the ab-
sence of structural heart disease. Europace 2010; 
12: 1713-1718. 

68) Wang YH, Fu L, Wang B, Li SF, Sun Z, Luan Y. Ge-
netic variants of interleukin-18 are associated with 
reduced risk of atrial fibrillation in a population from 
Northeast China. Gene 2017; 626: 269-274. 

69) Liu Y, Luo D, Liu E, Liu T, Xu G, Liang X, Yuan M, 
Zhang Y, Chen X, Chen X, Miao S, Shangguan 
W, Li G. MiRNA21 and IL-18 levels in left atrial 
blood in patients with atrial fibrillation undergoing 
cryoablation and their predictive value for recur-
rence of atrial fibrillation. J Interv Card Electro-
physiol 2022; 64: 111-120. 

70) Bornstein P. Thrombospondins: structure and 
regulation of expression. FASEB J 1992; 6: 3290-
3299. 

71) Liao W, Xu L, Pan Y, Wei J, Wang P, Yang X, Chen 
M, Gao Y. Association of atrial arrhythmias with 
thrombospondin-1 in patients with acute myocardial 
infarction. BMC Cardiovasc Disord 2021; 21: 507. 

72) Yang Z, Wang H. Increased expression of the 
TSP-1/TGF-β/MMP-9 axis in atrial fibrillation re-
lated to rheumatic heart disease. Int J Clin Exp 
Med 2018; 11: 5699-5706.



S. Rafaqat, I. Radoman Vujačić, S. Gluscevic, S. Sharif, A. Klisic

1540

73) Wishart DS, Feunang YD, Marcu A, Guo AC, Li-
ang K, Vázquez-Fresno R, Sajed T, Johnson D, Li 
C, Karu N, Sayeeda Z, Lo E, Assempour N, Ber-
janskii M, Singhal S, Arndt D, Liang Y, Badran H, 
Grant J, Serra-Cayuela A, Liu Y, Mandal R, Neveu 
V, Pon A, Knox C, Wilson M, Manach C, Scalbert 
A. HMDB 4.0: the human metabolome database 
for 2018. Nucleic Acids Res 2018; 46: D608-D617.

74) Wishart DS, Jewison T, Guo AC, Wilson M, Knox 
C, Liu Y, Djoumbou Y, Mandal R, Aziat F, Dong 
E, Bouatra S, Sinelnikov I, Arndt D, Xia J, Liu P, 
Yallou F, Bjorndahl T, Perez-Pineiro R, Eisner R, 
Allen F, Neveu V, Greiner R, Scalbert A. HMDB 
3.0--The Human Metabolome Database in 2013. 
Nucleic Acids Res 2013; 41: D801-D807. 

75) Smith E, Fernandez C, Melander O, Ottosson F. 
Altered Acylcarnitine Metabolism Is Associated 
With an Increased Risk of Atrial Fibrillation. J Am 
Heart Assoc 2020; 9: e016737. 

76) Ruiz-Canela M, Guasch-Ferré M, Razquin C, To-
ledo E, Hernández-Alonso P, Clish CB, Li J, Wit-
tenbecher C, Dennis C, Alonso-Gómez Á, Alman-
za-Aguilera E, Liang L, Corella D, Gómez-Gracia 
E, Estruch R, Fiol M, Lapetra J, Serra-Majem L, 
Ros E, Arós F, Salas-Salvadó J, Hu FB, Martínez-
González MÁ. Plasma acylcarnitines and risk of 
incident heart failure and atrial fibrillation: the Pre-
vención con dieta mediterránea study. Rev Esp 
Cardiol (Engl Ed) 2022; 75: 649-658.

77) Aitken-Buck H, Krause J, Coffey S, Zeller T, Jones 
P, Lamberts R. Identification of Acylcarnitine Dys-
regulation in Atrial Fibrillation and the Role of 
Circulating Acylcarnitines in Arrhythmogenesis. 
Heart Lung Circ 2022; 31: S312.

78) Vaughan DE. PAI-1 and atherothrombosis. J 
Thromb Haemost 2005; 3: 1879-1883. 

79) Deanfield JE, Halcox JP, Rabelink TJ. Endothelial 
function and dysfunction: testing and clinical rele-
vance. Circulation 2007; 115: 1285-1295.

80) Mulder BA, Geelhoed B, van der Harst P, Spronk 
HM, Van Gelder IC, Asselbergs FW, Rienstra M. 
Plasminogen activator inhibitor-1 and tissue plas-
minogen activator and incident AF: Data from the 
PREVEND study. Int J Cardiol 2018; 272: 208-210. 

81) Li Q, Lai Y, Gao X, Li X, Deng CY, Guo H, Zhao J, 
Yang H, Xu Y, Wu S, Xue Y, Rao F. Involvement 
of plasminogen activator inhibitor-1 and its related 
molecules in atrial fibrosis in patients with atrial 
fibrillation. PeerJ 2021; 9: e11488. 

82) Pretorius M, Donahue BS, Yu C, Greelish JP, Ro-
den DM, Brown NJ. Plasminogen activator inhib-

itor-1 as a predictor of postoperative atrial fibril-
lation after cardiopulmonary bypass. Circulation 
2007; 116: I1-I7.

83) Lampe MA, Burlingame AL, Whitney J, Williams 
ML, Brown BE, Roitman E, Elias PM. Human stra-
tum corneum lipids: characterization and regional 
variations. J Lipid Res 1983; 24: 120-130. 

84) Nelson DL, Cox MM. “Lehninger, Principles of 
Biochemistry” 3rd Ed. Worth Publishing: New 
York, 2000. 

85) Deng S, Xu Y, Zheng L. HDL Structure. Adv Exp 
Med Biol 2022; 1377: 1-11.

86) Li ZZ, Du X, Guo XY, Tang RB, Jiang C, Liu N, 
Chang SS, Yu RH, Long DY, Bai R, Sang CH, Li 
SN, Dong JZ, Ma CS. Association Between Blood 
Lipid Profiles and Atrial Fibrillation: A Case-Con-
trol Study. Med Sci Monit 2018; 24: 3903-3908. 

87) Boudi FB, Kalayeh N, Movahed MR. High-Den-
sity Lipoprotein Cholesterol (HDL-C) Levels Inde-
pendently Correlates With Cardiac Arrhythmias 
and Atrial Fibrillation. J Intensive Care Med 2020; 
35: 438-444. 

88) Alonso A, Yin X, Roetker NS, Magnani JW, Kro-
nmal RA, Ellinor PT, Chen LY, Lubitz SA, McClel-
land RL, McManus DD, Soliman EZ, Huxley RR, 
Nazarian S, Szklo M, Heckbert SR, Benjamin EJ. 
Blood lipids and the incidence of atrial fibrillation: 
the Multi-Ethnic Study of Atherosclerosis and 
the Framingham Heart Study. J Am Heart Assoc 
2014; 3: e001211.

89) Ding M, Wennberg A, Gigante B, Walldius G, 
Hammar N, Modig K. Lipid levels in midlife and 
risk of atrial fibrillation over 3 decades-Experi-
ence from the Swedish AMORIS cohort: A cohort 
study. PLoS Med 2022; 19: e1004044.

90) Okin PM, Hille DA, Wachtell K, Kjeldsen SE, Ju-
lius S, Devereux RB. On-treatment HDL choles-
terol predicts incident atrial fibrillation in hyper-
tensive patients with left ventricular hypertrophy. 
Blood Press 2020; 29: 319-326.

91) Sen Uzeli Ü, Doğan M. The effects of Dapaglifloz-
in on monocyte-HDL ratio and neutrophil-lympho-
cyte ratio among patients with type-2 diabetes 
mellitus. Eur Rev Med Pharmacol Sci 2023; 27: 
10577-10582.

92) Alanazi J, Unnisa A, Ahmad S, Itumalla R, Alanazi 
M, Alharby TN, Anwar S, Younes KM, Hussain T, 
Hussain A, Elamine BA, Mohamed OA. Signifi-
cance of Orlistat in management of dyslipidemia, 
systolic blood pressure and body mass index. Eur 
Rev Med Pharmacol Sci 2022; 26: 8326-8332.


