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Background: The scoring systems currently used to identify the potential for

thrombosis and bleeding events in high-risk atrial fibrillation patients have

certain limitations. The aim of this pilot study was to identify inflammatory

chemokines with potential utility as sensitive biomarkers for the risk of

thrombosis and bleeding in elderly patients with non-valvular atrial fibrillation.

Methods: From January 1, 2014, to December 31, 2017, 200 consecutive

elderly patients with atrial fibrillation (average age: 87.6 ± 7.7 years) were

enrolled and followed up for 2 years to observe thromboembolic (arterial and

venous) and bleeding events. Serum was collected upon enrollment, and the

baseline levels of 27 chemokines were analyzed. During the 2-year follow-up,

12 patients were lost to follow-up. Among the 188 patients, there were 32

cases (17.0%) of AF-related thrombosis, 36 cases (19.1%) of arterial thrombosis,

and 35 cases (18.6%) of major bleeding events.

Results: Among 188 patients, 30 patients without clinical events (control

group), 23 with arterial thrombosis, 15 with atrial fibrillation-related venous

thromboembolism, and 12 with major bleeding were selected and randomly

matched to compare chemokine levels. The baseline levels of interleukin-6,

interleukin-10, vascular cell adhesion molecule-1, chemokine C-C-motif

ligand, B-lymphocyte chemoattractant 1, interleukin-4, E-selectin, fractalkine,

C-X-C motif chemokine 12, and granulocyte chemotactic protein 2 were

found to di�er statistically among the four groups (p < 0.05). Compared

with that in the control group, the level of interleukin-4 in patients

with atrial fibrillation-related thrombosis, arterial thrombosis, or major

bleeding increased by 53-fold (0.53 vs. 0.01 pg/ml), 17-fold (0.17 vs.

0.01 pg/ml), and 19-fold (0.19 vs. 0.01 pg/ml), respectively. Compared

with that in the control group, the level of interleukin-6 in patients

with arterial thrombosis increased by six-fold (39.78 vs. 4.98 pg/ml).
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Conclusions: Among elderly patients with atrial fibrillation at high risk

of thromboembolism and bleeding, the baseline levels of interleukin-6,

interleukin-4, and E-selectin were significantly increased in those that

experienced thrombosis and bleeding events during the 2-year follow-up,

indicating that these chemokines may serve as potential biomarkers for an

increased risk of thrombosis and bleeding in this population.

Clinical trial registration number: ChiCTR-OCH-13003479.
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atrial fibrillation, chemokine, elderly, thromboembolism, bleeding

Background

The incidence of atrial fibrillation (AF) increases

significantly with age (1, 2). In the last decade, the burden

of AF and AF-related stroke/thrombotic events in China

increased significantly, but the rate of anticoagulation

therapy prescribed for patients with AF in China was

significantly lower than that in Europe and America, especially

among elderly patients (2, 3). The risk of ischemic stroke,

AF-related venous thrombosis, and acute myocardial

infarction might coexist in elderly patients with AF (4, 5).

The risk of thromboembolism in patients with AF can be

effectively reduced by anticoagulation therapy. However,

the dysfunction of organs such as the liver and kidney,

presence of other diseases such as hypertension, diabetes,

and atherosclerosis, and use of multiple medications

Abbreviations: AF, atrial fibrillation; CHADS2, congestive heart failure,

hypertension, age of 75 years, diabetes, stroke (doubled); CHA2DS2-

VASc, congestive heart failure, hypertension, age of 75 years (doubled),

diabetes mellitus, stroke or transient ischemic attack (doubled),

vascular disease, age of 65 to 74 years, female sex; HAS-BLED,

hypertension, abnormal renal/liver function, stroke, bleeding history

or predisposition, labile international normalized ratio, elderly (> 65

years), drugs/alcohol concomitance; NAP2, neutrophil activating

protein-2; ICAM-1, intercellular cell adhesion molecule-1; VCAM-1,

vascular cell adhesion molecule-1; PF, platelet factor; MIG, monokine

induced by interferon-r; BCA-1, B-lymphocyte chemoattractant 1;

RANTES, regulated on activation normal T cell expressed and secreted;

MIP, monocyte chemoattractant protein; TNF, tumor necrosis factor; IL,

interleukin; GCP2, granulocyte chemotactic protein 2; ENA-78, epithelial

neutrophil activating peptide-78; IP-10, interferon-inducible protein-

10; MCP-1, monocyte chemoattractant protein-1; TARC, thymus and

activation-regulated chemokine; CCL19, chemokine C-C-motif ligand;

SDF1, stromal cell-derived factor 1; CXCL12, C-X-C motif chemokine 12;

I-TAC, interferon-inducible T cell alpha chemoattractant; sE, selsoluble

E-selectin; Th2 lymphocytes, T helper lymphocytes.

that predispose elderly patients with AF to concomitant

thromboembolism and bleeding (6, 7), which often leads to

death or severe disability, profoundly affects the quality of

life (8).

The current clinical risk scoring systems for

thromboembolism are CHADS2 [congestive heart failure,

hypertension, age of 75 years, diabetes, stroke (doubled)] and

CHA2DS2-VASc [congestive heart failure, hypertension, age

of 75 years (doubled), diabetes mellitus, stroke or transient

ischemic attack (doubled), vascular disease, age of 65–74

years, female sex)]; whereas that for bleeding is HAS-BLED

[hypertension, abnormal renal/liver function, stroke, bleeding

history or predisposition, labile international normalized

ratio, elderly (>65 years), drugs/alcohol concomitance]. In

these systems, there are overlaps among clinical factors such

as hypertension, previous stroke, and age, and the utility of

these systems for identifying thrombosis and bleeding risk in

high-risk patients with AF is limited (9–11).

Previous studies showed that chemokines play an important

role in inflammation and atherosclerosis (12, 13). However,

the relationship between chemokines and the prognosis of

AF remains unclear. It has been suggested that when AF is

associated with a hypercoagulable state, the levels of some

cytokines are elevated. Gizatulina et al. found that blood

concentration of growth differentiation factor 15 (GDF-15)

as a predictor of left atrial/left atrial appendage (LA/LAA)

thrombosis in patients with non-valvular atrial fibrillation

(14). A systematic review and meta-analysis including five

studies involving 22,928 patients and concerning the association

between IL-6 and thromboembolic events in AF showed that

higher level of IL-6 in AF patients is related to long-term

thromboembolic events including stroke (RR 1.44, CI 95% 1.09–

1.90, p = 0.01) and a higher risk of long-term bleeding risk

(RR 1.36, CI 95% 1.06–1.74, p = 0.02) (15). So Inflammatory

chemokines might serve as sensitive biomarkers for guiding the

clinical management of anticoagulation treatment (16–19). This

prospective study aimed to identify chemokines with potential

utility as sensitive biomarkers in patients with AF at high risk of

thromboembolism and bleeding.
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Methods

Study population

This was a prospective observational cohort study (clinical

trial registration number: ChiCTR-OCH-13003479). Between

January 1, 2014, and December 31, 2015, 200 consecutive elderly

patients (all aged over 75 years) with non-valvular AF at the

General Hospital of the Chinese People’s Liberation Army were

enrolled (average age: 87.6± 7.7 years). The study was approved

by the Medical Ethics Committee of the General Hospital of the

People’s Liberation Army (approval number: S2013-064-02).

The inclusion criteria for patients in the AF group (including

new onset, paroxysmal, persistent, and permanent AF, as

confirmed by electrocardiogram or 24 h Holter monitor) were

age ≥75 years and at least one AF attack recorded in the year

prior to the study. Patients or patients’ relatives provided written

consent. The exclusion criteria were age ≤75 years, rheumatic

heart disease, biological or mechanical valve replacement or

mitral valve repair, serious uncontrolled infection, and an AF

attack recorded more than 1 year before the study.

Clinical data collection

Clinical data were collected at the baseline and during

follow-up by experienced attending cardiologists. The baseline

clinical data of enrolled patients were as follows: name,

gender, age, type of AF (new onset, paroxysmal, persistent, or

permanent), systolic blood pressure, diastolic blood pressure,

smoking and drinking history, disease history (such as

ischemic stroke, hypertension, diabetes, congestive heart failure,

peripheral vascular disease, and renal/liver dysfunction), and

medication status [including the use of antiplatelet drugs

(aspirin and clopidogrel) and anticoagulation drugs (warfarin

and novel oral anti-coagulants)]. Follow-up data including

medication status and clinical endpoints were collected through

medical records, telephone interviews, and questionnaires.

Two hundred elderly patients with AF were followed

up for 2 years to observe thromboembolic (both arterial

and venous thrombosis) and bleeding events. AF-related

thrombotic events included ischemic stroke, lower extremity

deep venous thrombosis, and thrombosis of other systems

(including mesenteric thrombosis and venous catheter-

related thrombosis). Arterial thrombosis was defined as acute

myocardial infarction and unstable angina. Clinically relevant

major bleeding events included a decrease in hemoglobin

of more than 2 g/L, the need for a blood transfusion or

hospitalization, bleeding in major organs, and fatal bleeding.

Non-clinically relevant major bleeding events included

chronic bleeding and a decrease in hemoglobin of <2 g/L.

Minor bleeding events included subcutaneous hematoma,

gastrointestinal bleeding (below the standard for major

bleeding), and blood sputum (20). Data collection was

completed for 188 patients; 12 patients were lost to follow-up,

the loss to follow-up rate is 6%.

Measurement of chemokine levels

Two milliliters of fasting blood was drawn from all patients

in the early morning on the day of enrollment. Blood samples

were collected using EDTA anticoagulant vessels and then

centrifuged at 4,000 rpm for 8min (room temperature). Plasma

was separated and stored at −80◦C for batch analysis. The

Aimplex method (Beijing Kuang Bo Biotechnology Limited

by Share Ltd., Beijing, China) was used to detect 27

chemokines of the chemokine family, including neutrophil

activating protein-2 (NAP2), P-selectin, E-selectin, intercellular

cell adhesion molecule-1 (ICAM-1), vascular cell adhesion

molecule-1 (VCAM-1), platelet factor 4 (PF4), monokine

induced by interferon-r (MIG), B-lymphocyte chemoattractant

1 (BCA-1), regulated on activation normal T cell expressed

and secreted (RANTES), monocyte chemoattractant protein

(MIP)-3beta, MIP-1beta, tumor necrosis factor (TNF)-alpha,

interleukin (IL)-1beta, IL-2, IL-4, IL-6, granulocyte chemotactic

protein 2 (GCP2), IL-10, epithelial neutrophil activating

peptide 78 (ENA-78), interferon-inducible protein-10 (IP-10),

monocyte chemoattractant protein-1 (MCP-1), thymus and

activation-regulated chemokine (TARC), chemokine C-C-motif

ligand (CCL19), stromal cell-derived factor 1 [(SDF1; also

known as C-X-C motif chemokine 12 (CXCL12)], fractalkine,

and interferon-inducible T cell alpha chemoattractant (I-TAC).

For each inflammatory chemokine, the intragroup error was

<6%, while the intergroup error was <8%.

Statistics

Continuous variables were expressed as the median

[interquartile range (IQR)] if the data were non-normally

distributed, or as the mean ± standard deviation (SD; ± SD)

if the data were normally distributed (Kolmogorov-Smirnov

criteria). The Kruskal-Wallis test was used to compare non-

parametric data. Two-way ANOVA was used to compare data

with a normal distribution. Qualitative data were expressed as

percentages. A p < 0.05 was considered statistically significant.

Statistical analysis was performed using IBM SPSS Statistics

version 19.0 (SPSS, Inc., Chicago, IL, USA).

Results

Baseline clinical characteristics and risk
of thrombosis and bleeding

The clinical characteristics of 188 patients with AF are

presented in Table 1. This cohort was predominantly elderly
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TABLE 1 Baseline clinical characteristics of 188 elderly patients with

AF at high risk of thromboembolism and bleeding.

Characteristic Patients with AF

(n = 188)

Age, mean (SD) (years) 87.6 (7.7)

Male, n (%) 174 (92.55)

Systolic blood pressure, mean (SD) (mmHg) 133.82 (13.65)

Diastolic blood pressure, mean (SD) (mmHg) 69.91 (10.62)

Smoking history, n (%) 90 (47.87)

Drinking history, n (%) 88 (46.81)

Type of AF, n (%)

New onset AF, n (%) 7 (3.72)

Paroxysmal AF, n (%) 117 (62.23)

Persistent AF, n (%) 13 (6.91)

Permanent AF, n (%) 51 (27.13)

Comorbidities

Hypertension, n (%) 135 (71.81)

Coronary heart disease, n (%) 143 (76.06)

Old myocardial infarction, n (%) 38 (20.21)

Hyperlipidemia, n (%) 41 (21.81)

Type 2 diabetes, n (%) 64 (34.04)

Congestive heart failure, n (%) 44 (23.40)

Stroke, n (%) 84 (44.68)

Peripheral vascular disease, n (%) 26 (13.83)

Renal dysfunction, n (%) 48 (25.53)

Liver dysfunction, n (%) 4 (2.13)

Anemia, n (%) 41 (21.81)

Past bleeding history, n (%) 39 (65.42)

Current bleeding, n (%) 15 (7.99)

Risk of fall, n (%) 68 (36.17)

CHA2DS2-VASc, mean (SD) 5.1 (1.6)

HAS-BLED, mean (SD) 3.4 (1.2)

Anticoagulation therapy

Warfarin, n (%) 10 (5.32)

Rivaroxaban, n (%) 25 (13.30)

Clopidegrel, n (%) 78 (41.49)

Aspirin, n (%) 74 (39.36)

AF, atrial fibrillation; SD, standard deviation; CHA2DS2-VASc: congestive heart failure,

hypertension, age 75 years (doubled), diabetes mellitus, stroke or transient ischemic

attack (doubled), vascular disease, age 65 to 74 years, and female sex; HAS-BLED:

hypertension, abnormal renal/liver function, stroke, bleeding history or predisposition,

labile international normalized ratio, elderly (65 years), drugs/alcohol concomitance.

(aged 75–98 years, average age: 87.6 ± 7.7 years) male patients

(92.6%). This cohort of elderly patients with AF was at high risk

of thromboembolism [CHA2DS2-VASc (mean± SD): 5.1± 1.6]

and bleeding [HAS-BLED (mean± SD): 3.4+ 1.2].

Among 188 elderly patients with AF, the number of patients

on warfarin, rivaroxaban, clopidegrel, and aspirin were 10

(5.32%), 25 (13.30%), 78 (41.49%), and 74 (39.36%) respectively.

TABLE 2 Adverse clinical events in 188 elderly patients with AF at high

risk of thromboembolism and bleeding during 2-year follow-up.

Adverse event Case # Incidence (%)

AF-related thromboembolism

Ischemic stroke 8 4.26

Lower extremity deep venous thrombosis 19 10.11

Other-system thrombosis 5 2.66

Arterial thrombosis

Acute myocardial infarction 22 11.70

Unstable Angina 14 7.45

Bleeding

Cerebral hemorrhage 8 4.26

Clinically relevant major bleeding 18 9.57

Non-clinically relevant major bleeding 9 4.79

Minor bleeding 36 19.15

All-cause death 54 28.72

AF, atrial fibrillation; Other-system thrombosis: mesenteric thrombosis, venous catheter-

related thrombosis, etc.; Clinically relevant major bleeding: hemoglobin decreased more

than 2 g/L, the need for blood transfusion or hospitalization, or bleeding in major organs,

fatal bleeding, etc.; Non-clinically relevant major bleeding: chronic bleeding, hemoglobin

decreased less than 2 g/L; Minor bleeding: subcutaneous hematoma, gastrointestinal

bleeding (less than the standards of major bleeding), blood sputum, etc.

Clinical outcomes of elderly patients with
AF during follow-up

During the 2-year follow-up, among the 188 patients, there

were 32 cases (17.0%) of AF-related thrombosis (including

ischemic stroke, deep-vein thrombosis, and thrombosis of

other systems), 36 cases (19.1%) of arterial thrombosis,35 cases

(18.6%) of major bleeding events (including hemorrhagic stroke

and other clinical major bleeding events), and 36 cases (19.2%) of

minor bleeding. There were 54 cases (28.7%) of all-cause death

(Table 2).

Association between chemokines and
AF-related arterial thrombosis, venous
thrombosis, and bleeding events

Thirty high-risk patients with AF but not exhibiting clinical

adverse events (control group), 23 with arterial thrombosis

(unstable angina and acute myocardial infarction), 15 with

AF-related venous thrombosis, and 12 with major bleeding were

selected and matched randomly to analyze the 27 chemokines.

The baseline levels of IL-6, IL-10, VCAM-1, CCL19, BCA-1,

IL-4, E-selectin, fractalkine, CXCL12, and GCP2 were found to

differ statistically among the control, arterial thrombosis, AF-

related venous thrombosis, and major bleeding groups (p <

0.05). Compared with those in the control group, the levels

of IL-4 in patients with AF-related venous thrombosis, arterial

thrombosis, or major bleeding events increased by 53- (0.53 vs.
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0.01 pg/ml), 17- (0.17 vs. 0.01 pg/ml) and 19-fold (0.19 vs. 0.01

pg/ml), respectively. Compared with those in the control group,

the levels of IL-6 in patients with arterial thrombosis increased

by six-fold (39.78 vs. 4.98 pg/ml; Table 3).

Discussions

Chemokines and AF-related stroke

Accumulating data indicate that endothelial dysfunction,

platelet activation, and coagulation factor activation caused

by inflammation might cause patients with AF to enter a

prothrombotic state (21–23). The upregulation of inflammatory

factors such as IL-6 and IL-8 are related to endothelial

dysfunction, platelet activation, and active thrombosis (21, 22).

Experimental studies have demonstrated that the IL-6-induced

expression of tissue factor and vonWillebrand factor is involved

in platelet activation, possibly driven by platelet-monocyte

interactions (24, 25). Patients with increased levels of IL-6

are more likely to have thrombus formation in the left atrial

appendage (21, 22). Moreover, Pinto et al. (26) found that

elevated levels of IL-6, von Willebrand factor, and TNF-alpha

are significant predictors of stroke, based on a 3-year follow-up

of 373 patients with AF. IL-6 is also an independent predictor

of the composite endpoint of stroke or death in patients with

AF (27) and is associated with worse outcomes after ischemic

stroke (28).

IL-6 and AF-related thrombosis

The patients with AF in our study were at high risk of

both thromboembolism and bleeding and were much older

than the patients enrolled in these previous studies. We found

that the levels of IL-6 increased significantly in patients with

arterial thrombosis and AF-related thrombosis during the 2-

year follow-up; our results were consistent with the previous

findings. Interestingly, we also found that the expression of IL-

6 was significantly increased in patients with AF with major

bleeding. This result was consistent with the findings of the

RE-LY (Randomized Evaluation of Long-Term Anticoagulation

Therapy Study) trial, in which an independent relationship was

identified between IL-6 and a higher risk of stroke and major

bleeding independent of clinical risk factors, even after adjusting

for cardiovascular biomarkers to attenuate the prognostic

value (29).

E-selectin/VCAM-1 and AF-related
thrombosis/bleeding

Under normal physiological conditions, soluble E-selectin

(sE-sel) is not expressed on the surface of endothelial cells

(30). Under pathological conditions, increased expression of

E-selectin on the surface of endothelial cells can mediate the

activation of endothelial cells and the adhesion of leukocytes,

which may play a role in the process of thrombosis (31).

However, data regarding whether sE-sel contributes to the

risk of thromboembolism in patients with AF remains limited

and confusing. For instance, Freestone et al. (32) found that

compared to patients with sinus rhythm, patients with AF have

elevated levels of sE-sel, and low baseline sE-sel levels predict the

successful maintenance of sinus rhythm at 6 months of follow-

up (33). In contrast, another study conducted by Freestone et al.

(34) indicated that in patients with systolic heart failure, the

differences between plasma sE-sel levels in patients with AF and

those in patients with normal sinus rhythm were not significant.

Similar to the first study by Freestone et al., a study by

Krishnamoorthy et al. (35) of 423 patients with non-valvular

AF followed up for 19 months showed that elevated levels

of sE-sel were associated with an increased risk of clinical

adverse events (acute myocardial infarction, ischemic stroke,

and all-cause mortality). However, Roldán et al. (36) found no

association between sE-sel levels and inflammation or abnormal

thrombogenesis in 191 consecutive patients with chronic non-

rheumatic AF who were not receiving anticoagulation therapy.

However, plasma levels of sE-sel were significantly decreased (p

< 0.01) after oral anticoagulation therapy.

In the Bruneck study (37), a prospective population-based

cohort study with a 20-year follow-up (n = 909), the levels of

soluble VCAM-1 were significantly associated with incident AF

(hazard ratio: 1.49; 95% confidence interval, CI: 1.26–1.78, p <

0.001 with a Bonferroni correction for both values); even after

adjusting for age and sex, the association was still significant.

However, the association with E-selectin levels was insignificant

(after a Bonferroni correction in unadjusted and age- and sex-

adjusted analyses).

Our results showed that the levels of E-selectin were

significantly increased in the major bleeding and AF-related

thrombosis groups, compared with those in patients without

thromboembolic and bleeding events. Furthermore, the levels

of VCAM-1 were different significantly among control group

vs. arterial thrombosis, venous thrombosis, and major bleeding

groups (p < 0.05). Further in vivo and in vitro studies are

needed to investigate whether increased E-selectin levels, which

reflect endothelial activation and platelet aggregation, initiate AF

and AF-related thrombosis or are simply a consequence of AF-

accompanied cardiovascular disease and adverse clinical events.

IL-4/IL-10 and AF-related
thrombosis/bleeding

IL-4 and IL-10, secreted by type II T helper lymphocytes

(Th2 lymphocytes), can inhibit the synthesis and expression

of proinflammatory markers such as IL-6, IL-8, and TNF by
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TABLE 3 Levels of chemokines in elderly patients with AF and di�erent adverse clinical events.

Chemokine Control Arterial thrombosis AF related venous thromboembolism Major bleeding p

(n = 30) (n = 23) (n = 15) (n = 12)

IL-6, pg/ml 4.98 (3.05–10.49) 9.21 (3.75–20.82) 13.86 (7.36–21.81) 39.78 (10.06–182.96) <0.001

IL-10, pg/ml 3.73 (3.24–4.78) 4.52 (3.98–6.64) 4.75 (3.28–7.35) 6.31 (4.01–15.00) 0.01

VCAM-1, ng/ml 358.53 (292.39–474.19) 438.93 (282.19–463.42) 468.53 (325.93–561.71) 643.97 (374.09–1079.54) 0.02

CCL19, pg/ml 95.25 (66.70–109.48) 106.21 (76.52–133.43) 99.41 (72.17–143.85) 132.18 (97.36–196.46) 0.03

BCA-1, pg/ml 5.54 (3.96–9.18) 6.31 (4.34–10.11) 6.55 (5.06–13.86) 9.41 (54.61–5.68) 0.04

IL-4, pg/ml 0.01 (0.01–0.17) 0.19 (0.01–1.90) 0.53 (0.02–1.67) 0.17 (0.01–0.93) 0.04

E-selectin, ng/ml 8.59 (5.62–13.06) 9.94 (5.92–12.76) 5.34 (3.74–11.79) 15.52 (8.37–21.94) 0.04

Fractalkine, ng/ml 32.16 (24.51–37.63) 34.14 (27.28–45.05) 35.24 (24.96–44.69) 51.12 (32.18–101.47) 0.05

CXCL12, pg/ml 2.32 (1.57–4.48) 2.84 (1.85–6.52) 3.91 (2.80–10.49) 4.16 (3.04–9.23) 0.05

GCP2, pg/ml 22.22 (16.42–33.03) 23.93 (20.24–28.40) 25.81 (23.71–28.95) 32.07 (25.39–45.66) 0.05

MCP-1, pg/ml 73.27 (51.28–93.71) 74.43 (56.64–92.80) 71.53 (64.98–98.77) 124.82 (80.63–193.93) 0.06

PF4, ng/ml 6.62 (0.44) 6.49 (0.68) 6.65 (0.42) 7.04 (1.23) 0.08

IP-10, pg/ml 36.34 (25.66–50.51) 33.16 (24.17–49.65) 40.79 (36.42–73.35) 48.82 (38.67–59.12) 0.11

TNF-alpha, pg/ml 0.13 (0.01–0.57) 0.37 (0.01–1.03) 0.01 (0.01–1.57) 0.31 (0.01–1.12) 0.12

I-TAC, pg/ml 6.16 (4.26–15.60) 6.01 (4.57–9.47) 6.92 (4.10–16.77) 6.59 (3.72–15.61) 0.12

MIG, ng/ml 0.28 (0.08) 0.27 (0.07) 0.28 (0.10) 0.34 (0.11) 0.14

ICAM-1, ng/ml 282.25 (113.22) 310.42 (156.41) 326.69 (134.32) 379.35 (160.31) 0.17

IL-2, pg/ml 3.26 (2.48–3.69) 3.08 (2.51–4.49) 3.44 (2.85–4.49) 3.21 (2.16–5.40) 0.23

IL-1beta, pg/ml 0.02 (0.01–0.02) 0.02 (0.02–0.02) 0.02 (0.02–0.02) 0.02 (0.02–2.51) 0.27

IL-8, pg/ml 61.48 (23.36–113.33) 59.12 (27.01–156.94) 97.03 (48.58–213.75) 112.39 (66.39–199.48) 0.43

NAP2, ng/ml 18.26 (3.29) 17.79 (3.94) 16.54 (4.68) 18.01 (3.67) 0.54

ENA-78, ng/ml 1.55 (1.03) 1.59 (1.08) 1.66 (0.83) 1.24 (0.86) 0.59

MIP-1alpha, pg/ml 20.59 (17.44–37.44) 29.17 (13.84–38.16) 26.95 (25.58–45.28) 41.70 (28.20–53.25) 0.67

MIP-3beta, pg/ml 92.69 (27.91) 106.95 (44.31) 114.26 (47.65) 175.61 (137.92) 0.75

P-selectin, ng/ml 80.95 (28.23) 82.81 (29.37) 77.47 (32.47) 87.00 (34.90) 0.79

TARC, pg/ml 41.52 (18.99–74.24) 44.42 (18.54–93.56) 31.28 (9.99–108.72) 30.01 (14.52–83.02) 0.82

RANTES, ng/ml 2.34 (0.29) 2.24 (0.33) 2.38 (0.45) 2.75 (1.02) 0.84

AF, atrial fibrillation; IL, interleukin; VCAM-1, vascular cell adhesionmolecule-1; CCL19, chemokine C–C-motif ligand; BCA-1, B-lymphocyte chemoattractant 1; CXCL12, C–X–Cmotif chemokine 12, also known as stromal cell-derived factor 1 (SDF1);

GCP2, granulocyte chemotactic protein 2; MCP-1, monocyte chemoattractant protein-1; PF4, platelet factor 4; IP-10, interferon–inducible protein-10; TNF–alpha, tumor necrosis factor-alpha; I-TAC, interferon-inducible T cell alpha chemoattractant;

MIG,monokine induced by interferon-r; ICAM-1; intercellular cell adhesionmolecule-1; NAP2, neutrophil activating protein-2; ENA-78, epithelial neutrophil activating peptide 78;MIP, monocyte chemoattractant protein; TARC, thymus and activation–

regulated chemokine; RANTES, regulated on activation normal T cell expressed and secreted. Median± quartile: IL-6, IL-10, VCAM-1, CCL19, BCA-1, IL-4, E-selectin, fractalkine, CXCL12, GCP2, MCP-1, IP-10, TNF-alpha, I-TAC, IL-2, IL-1beta, IL-8,

MIP-3beta, TARC. Mean ± standard deviation: PF4, MIG, ICAM-1, NAP2, ENA-78, MIP-1alpha, P-selectin, RANTES. Continuous variables were expressed as the median [interquartile range (IQR)] if the data were non-normally distributed, or as the

mean± standard deviation (SD; — X± SD) if the data were normally distributed (Kolmogorov-Smirnov criteria). The bold value represents p < 0.05.
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inhibiting type I T helper lymphocytes and stimulating B and

Th2 lymphocytes, thus reducing the inflammatory response

(38). The IL-10-592A/C polymorphism is associated with AF,

and people of Han Chinese descent with the A allele are at

an increased risk of AF (39). Henningsen et al. (30) did not

find significant differences in either the genotypic or allelic

frequency of IL-10-1082 between patients with AF and the

control group, although the expression of inflammation and

cell adhesion molecules in a rat model of venous thrombosis

was inhibited by viral IL-10 gene transfer (40), and the IL-

10-1082A/G polymorphism is associated with the risk of deep

venous thrombosis (41). A C582T polymorphism in the IL-4

gene [odds ratio, OR ¼: 1.40, 95% CI: 1.13–1.73, p ¼: 0.003)]

was found to be an independent predictor of thromboembolic

stroke (42).

In our study, we did observe significantly higher baseline

levels of IL-4 and IL-10 in patients with thromboembolic or

bleeding events during the 2-year follow-up, compared to those

in patients without these adverse events. Especially, compared

to those in the patients without adverse events, the baseline

levels of IL-4 in patients with venous thrombosis during follow-

up increased by 53-fold. It suggested that IL-4 and IL-10

may highly be associated with the progression of AF-related

adverse events. However, IL-4 levels could be associated with

some medical setting, such as scleroderma, multiple sclerosis,

chronic sinusitis, inflammatory bowel diseases, bronchial

asthma, atopic dermatitis (43–45). Although we excluded

patients with rheumatic heart disease and serious uncontrolled

infection, other disease didn’t be excluded, which needed to be

explored further.

Possible mechanisms

There is a close relationship between inflammation, platelet

activation and AF. Inflammatory cytokines play a certain role in

the maintenance and prognosis of AF (46). Inflammation leads

to cardiac endothelial damage or dysfunction, and promotes the

aggregation of platelets, and the activation fibrinolytic protein

and clotting factors (47). At the same time, the reconstruction

of atrial anatomy cause by AF provides the environment for

platelet aggregation and blood coagulation which promotes

thrombosis (48). Chemokines, to a certain extent, is involved

in inflammation, angiogenesis and necrosis, which is a key

mediator of inflammation-related cell migration (49). Studies

suggests that pro-inflammatory cytokines, such as IL-1β, IL-6,

and IL-8, promote a pro-coagulant state through the induction

of tissue factor. Anti-inflammatory cytokines, including IL-2,

IL-4, and IL-10, act to reduce coagulation induced by other pro-

inflammatory factors (50). Additionally, the cytokines IL-4, IL-6,

IL-8, IL-10, and IL-1β were all significantly elevated in massive

PE patients in comparison to those with low-risk and submassive

PE, indicating the overwhelming inflammatory response with

larger embolism (51). It is found that the polymorphisms of

IL-4−589C/T and IL-13 intron 3C/T were associated with

the increased risk of VTE among women, while IL-6 174C/G

was found to make men susceptible to the VTE event (51).

When compared with patients with lacunar infarct, those with

cardioembolic stroke were shown to have significantly increased

levels of proinflammatory cytokines such as IL-1β and IL-6 (51).

The mechanisms of chemokines with increased levels in patients

that experienced thrombosis and bleeding events during the 2-

year follow-up in our study should be further studied in vivo

and in vitro.

Limitations

There were several limitations in this study. Although there

were 18.6% patients on anticoagulation, the anticoagulant may

impact the thromboembolism and bleeding event. Moreover,

this was single-center study and most of patients enrolled

in Beijing, the result cannot be generalized other population.

Given the small sample in this study, there were not exactly

matched for age and sex, which possibility caused the bias. In

addition, we were unable to perform multivariate regression

analysis after adjusting the confounders. The temporal changes

in the chemokines and their effect on clinical outcomes in

patients with AF will be examined in our future analysis.

Additionally, we did not compare differences in chemokines

among different types of AF, due to the limited number

of subjects.

Conclusion

In summary, among the 27 chemokines screened in our

study, IL-6, IL-4, and E-selectin exhibited significantly increased

levels in the study group that experienced thrombosis and

bleeding events.

Data availability statement

The raw data supporting the conclusions of this article will

be made available by the authors, without undue reservation.

Ethics statement

This study was approved by Medical Ethics Committees

of the Chinese PLA General Hospital (Reference

Number: S2013-064-02). The patients/participants

provided their written informed consent to participate in

this study.

Frontiers in PublicHealth 07 frontiersin.org

https://doi.org/10.3389/fpubh.2022.844087
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Tai et al. 10.3389/fpubh.2022.844087

Author contributions

YG conceived and designed the study. YG, HW, and MT

analyzed and interpreted the data and wrote the report. YG

supervised the work. MT andHW engaged in cohort assignment

for participants. MT, HS, HW, XM, MG, QC, FL, QZ, YS, and

YG reviewed and interpreted the results, commented on the

report, contributed to revisions, and read and approved the

final version. All authors contributed to the article and approved

the submitted version.

Funding

This work was supported by the National Natural Science

Foundation of China (Reference Number: 81872920).

Conflict of interest

The authors declare that the research was conducted in

the absence of any commercial or financial relationships

that could be construed as a potential conflict

of interest.

Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.

References

1. Staerk L, Sherer JA, Ko D, Benjamin EJ, Helm RH. Atrial fibrillation:
epidemiology, pathophysiology, and clinical outcomes. Circ Res. (2017) 120:1501–
17. doi: 10.1161/CIRCRESAHA.117.309732

2. Guo Y, Tian Y, Wang H, Si Q, Wang Y, Lip GYH. Prevalence, incidence, and
lifetime risk of atrial fibrillation in China: new insights into the global burden of
atrial fibrillation. Chest. (2015) 147:109–19. doi: 10.1378/chest.14-0321

3. Guo Y, Wang H, Tian Y, Wang Y, Lip GYH. Time trends of aspirin and
warfarin use on stroke and bleeding events in Chinese patients with new-onset
atrial fibrillation. Chest. (2015) 148:62–72. doi: 10.1378/chest.14-2018

4. Bo M, Grisoglio E, Brunetti E, Falcone Y, Marchionni N. Oral anticoagulant
therapy for older patients with atrial fibrillation: a review of current evidence. Eur
J Intern Med. (2017) 41:18–27. doi: 10.1016/j.ejim.2017.03.012

5. Rubboli A, Saia F, Sciahbasi A, Leone AM, Palmieri C, Bacchi-
Reggiani ML, et al. Twelve-month outcome of patients with an established
indication for oral anticoagulation undergoing coronary artery stenting and
stratified by the baseline risk of bleeding: insights from the Warfarin and
Coronary Stenting (War-Stent) Registry. Cardiovasc Revasc Med. (2017) 18:425–
30. doi: 10.1016/j.carrev.2017.03.015

6. Guo Y, Apostolakis S, Blann AD, Wang H, Zhao X, Zhang Y, et al.
Validation of contemporary stroke and bleeding risk stratification scores in non-
anticoagulated Chinese patients with atrial fibrillation. Int J Cardiol. (2013)
168:904–9. doi: 10.1016/j.ijcard.2012.10.052

7. Andrade J, Khairy P, Dobrev D, Nattel S. The clinical profile
and pathophysiology of atrial fibrillation: relationships among clinical
features, epidemiology, and mechanisms. Circ Res. (2014) 114:1453–
68. doi: 10.1161/CIRCRESAHA.114.303211

8. Cherian TS, Shrader P, Fonarow GC, Allen LA, Piccini JP, Peterson ED,
et al. Effect of atrial fibrillation on mortality, stroke risk, and quality-of-life scores
in patients with heart failure (from the outcomes registry for better informed
treatment of atrial fibrillation [ORBIT-AF]). Am J Cardiol. (2017) 119:1763–
9. doi: 10.1016/j.amjcard.2017.02.050

9. Kim TH, Yang PS, Uhm JS, Kim JY, Pak HN, Lee MH, et al. CHA2DS2-
VASc score (congestive heart failure, hypertension, age ≥75 [doubled],
diabetes mellitus, prior stroke or transient ischemic attack [doubled],
vascular disease, age 65-74, female) for stroke in asian patients with
atrial fibrillation: a Korean nationwide sample cohort study. Stroke. (2017)
48:1524–30. doi: 10.1161/STROKEAHA.117.016926

10. Zulkifly H, Lip GYH, Lane DA. Bleeding risk scores in atrial
fibrillation and venous thromboembolism. Am J Cardiol. (2017)
120:1139–45. doi: 10.1016/j.amjcard.2017.06.058

11. Naccarelli GV, Panaccio MP, Cummins G, Tu N. CHADS2 and
CHA2DS2-VASc risk factors to predict first cardiovascular hospitalization
among atrial fibrillation/atrial flutter patients. Am J Cardiol. (2012) 109:1526–
33. doi: 10.1016/j.amjcard.2012.01.371

12. Barlic J, Murphy PM. Chemokine regulation of atherosclerosis. J Leukoc Biol.
(2007) 82:226–36. doi: 10.1189/jlb.1206761

13. Yan Y, Thakur M, van der Vorst EPC, Weber C, Döring Y. Targeting
the chemokine network in atherosclerosis. Atherosclerosis. (2021) 330:95–
106. doi: 10.1016/j.atherosclerosis.2021.06.912

14. Gizatulina TP, Khorkova NY, Martyanova LU, Petelina TI, Zueva EV,
Shirokov NE, et al. The level of growth differentiation factor 15 as a predictor of
left atrial thrombosis in patients with nonvalvular atrial fibrillation. Kardiologiia.
(2021) 61:44–54 (Russian, English). doi: 10.18087/cardio.2021.7.n1588

15. Zhou P, Waresi M, Zhao Y, Lin HC, Wu B, Xiong N, et al. Increased serum
interleukin-6 level as a predictive biomarker for atrial fibrillation: a systematic
review and meta-analysis. Rev Port Cardiol. (Engl Ed). (2020) 39:723–28 (English,
Portuguese). doi: 10.1016/j.repc.2020.07.009

16. Conway DS, Heeringa J, Van Der Kuip DA, Chin BS, Hofman A, Witteman
JC, et al. Atrial fibrillation and the prothrombotic state in the elderly: the Rotterdam
Study. Stroke. (2003) 34:413–7. doi: 10.1161/01.str.0000051728.85133.32

17. Weymann A, Sabashnikov A, Ali-Hasan-Al-Saegh S, Popov AF, Jalil
Mirhosseini S, Baker WL, et al. Predictive role of coagulation, fibrinolytic,
and endothelial markers in patients with atrial fibrillation, stroke, and
thromboembolism: a meta-analysis, meta-regression, and systematic review. Med
Sci Monit Basic Res. (2017) 23:97–140. doi: 10.12659/MSMBR.902558

18. Bustamante A, López-Cancio E, Pich S, Penalba A, Giralt D, García-
Berrocoso T, et al. Blood biomarkers for the early diagnosis of stroke: the stroke-
chip study. Stroke. (2017) 48:2419–25. doi: 10.1161/STROKEAHA.117.017076

19. Babapoor-Farrokhran S, Gill D, Alzubi J, Mainigi SK. Atrial fibrillation: the
role of hypoxia-inducible factor-1-regulated cytokines. Mol Cell Biochem. (2021)
476:2283–93. doi: 10.1007/s11010-021-04082-9

20. Schulman S, Kearon C. Subcommittee on control of anticoagulation of
the scientific and standardization committee of the international society on
thrombosis and haemostasis. Definition of major bleeding in clinical investigations
of antihemostatic medicinal products in non-surgical patients. J Thromb Haemost.
(2005) 3:692–4. doi: 10.1111/j.1538-7836.2005.01204.x

21. Conway DS, Buggins P, Hughes E, Lip GY. Relationship of interleukin-6 and
C-reactive protein to the prothrombotic state in chronic atrial fibrillation. J Am
Coll Cardiol. (2004) 43:2075–82. doi: 10.1016/j.jacc.2003.11.062

22. Psychari SN, Apostolou TS, Sinos L, Hamodraka E, Liakos G,
Kremastinos DT. Relation of elevated C-reactive protein and interleukin-
6 levels to left atrial size and duration of episodes in patients with atrial
fibrillation. Am J Cardiol. (2005) 95:764–7. doi: 10.1016/j.amjcard.2004.
11.032

23. Georgakopoulos C, Vlachopoulos C, Lazaros G, Tousoulis D. Biomarkers
of atrial fibrillation in metabolic syndrome. Curr Med Chem. (2019) 26:898–
908. doi: 10.2174/0929867324666171012105528

Frontiers in PublicHealth 08 frontiersin.org

https://doi.org/10.3389/fpubh.2022.844087
https://doi.org/10.1161/CIRCRESAHA.117.309732
https://doi.org/10.1378/chest.14-0321
https://doi.org/10.1378/chest.14-2018
https://doi.org/10.1016/j.ejim.2017.03.012
https://doi.org/10.1016/j.carrev.2017.03.015
https://doi.org/10.1016/j.ijcard.2012.10.052
https://doi.org/10.1161/CIRCRESAHA.114.303211
https://doi.org/10.1016/j.amjcard.2017.02.050
https://doi.org/10.1161/STROKEAHA.117.016926
https://doi.org/10.1016/j.amjcard.2017.06.058
https://doi.org/10.1016/j.amjcard.2012.01.371
https://doi.org/10.1189/jlb.1206761
https://doi.org/10.1016/j.atherosclerosis.2021.06.912
https://doi.org/10.18087/cardio.2021.7.n1588
https://doi.org/10.1016/j.repc.2020.07.009
https://doi.org/10.1161/01.str.0000051728.85133.32
https://doi.org/10.12659/MSMBR.902558
https://doi.org/10.1161/STROKEAHA.117.017076
https://doi.org/10.1007/s11010-021-04082-9
https://doi.org/10.1111/j.1538-7836.2005.01204.x
https://doi.org/10.1016/j.jacc.2003.11.062
https://doi.org/10.1016/j.amjcard.2004.11.032
https://doi.org/10.2174/0929867324666171012105528
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Tai et al. 10.3389/fpubh.2022.844087

24. Hayashi M, Takeshita K, Inden Y, Ishii H, Cheng XW, Yamamoto K, et al.
Platelet activation and induction of tissue factor in acute and chronic atrial
fibrillation: involvement of mononuclear cell-platelet interaction. Thromb Res.
(2011) 128:e113–8. doi: 10.1016/j.thromres.2011.07.013

25. Herrera Siklódy C, Arentz T, Minners J, Jesel L, Stratz C, Valina CM, et al.
Cellular damage, platelet activation, and inflammatory response after pulmonary
vein isolation: a randomized study comparing radiofrequency ablation with
cryoablation. Heart Rhythm. (2012) 9:189–96. doi: 10.1016/j.hrthm.2011.09.017

26. Pinto A, Tuttolomondo A, Casuccio A, Di Raimondo D, Di Sciacca R, Arnao
V, et al. Immuno-inflammatory predictors of stroke at follow-up in patients with
chronic non-valvular atrial fibrillation (NVAF). Clin Sci (Lond). (2009) 116:781–
9. doi: 10.1042/CS20080372

27. Conway DS, Buggins P, Hughes E, Lip GY. Prognostic significance of raised
plasma levels of interleukin-6 and C-reactive protein in atrial fibrillation.AmHeart
J. (2004) 148:462–6. doi: 10.1016/j.ahj.2004.01.026

28. Whiteley W, Wardlaw J, Dennis M, Lowe G, Rumley A, Sattar
N, et al. The use of blood biomarkers to predict poor outcome after
acute transient ischemic attack or ischemic stroke. Stroke. (2012) 43:86–
91. doi: 10.1161/STROKEAHA.111.634089

29. Aulin J, Siegbahn A, Hijazi Z, Ezekowitz MD, Andersson U, Connolly SJ,
et al. Interleukin-6 and C-reactive protein and risk for death and cardiovascular
events in patients with atrial fibrillation. Am Heart J. (2015) 170:1151–
60. doi: 10.1016/j.ahj.2015.09.018

30. Henningsen KM, OlesenMS, Pedersen M, Nielsen L, Haunsø S, Bruunsgaard
H, et al. Single nucleotide polymorphisms in inflammatory genes and the
risk of early onset of lone atrial fibrillation. Inflamm Res. (2010) 59:965–
9. doi: 10.1007/s00011-010-0210-8

31. Blann AD, Lip GY. The endothelium in atherothrombotic disease: assessment
of function, mechanisms and clinical implications. Blood Coagul Fibrinol.
(1998) 9:297–306

32. Freestone B, Chong AY, Nuttall S, Blann AD, Lip GY. Soluble E-selectin, von
Willebrand factor, soluble thrombomodulin, and total body nitrate/nitrite product
as indices of endothelial damage/dysfunction in paroxysmal, persistent, and
permanent atrial fibrillation. Chest. (2007) 132:1253–8. doi: 10.1378/chest.07-1185

33. Tveit A, Seljeflot I, Grundvold I, Abdelnoor M, Smith P, Arnesen H. Effect of
candesartan and various inflammatory markers on maintenance of sinus rhythm
after electrical cardioversion for atrial fibrillation. Am J Cardiol. (2007) 99:1544–
8. doi: 10.1016/j.amjcard.2007.01.030

34. Freestone B, Gustafsson F, Chong AY, Corell P, Kistorp C, Hildebrandt P, et al.
Influence of atrial fibrillation on plasma von willebrand factor, soluble E-selectin,
and N-terminal pro B-type natriuretic peptide levels in systolic heart failure. Chest.
(2008) 133:1203–8. doi: 10.1378/chest.07-2557

35. Krishnamoorthy S, Khoo CW, Lim HS, Lane DA, Pignatelli P, Basili S, et al.
Prognostic role of plasma von Willebrand factor and soluble E-selectin levels for
future cardiovascular events in a ’real-world’ community cohort of patients with
atrial fibrillation. Eur J Clin Invest. (2013) 43:1032–8. doi: 10.1111/eci.12140

36. Roldán V, Marín F, Blann AD, García A, Marco P, Sogorb F, et al. Interleukin-
6, endothelial activation and thrombogenesis in chronic atrial fibrillation. Eur
Heart J. (2003) 24:1373–80. doi: 10.1016/s0195-668x(03)00239-2

37. Willeit K, Pechlaner R, Willeit P, Skroblin P, Paulweber B, Schernthaner C,
et al. Association between vascular cell adhesion molecule 1 and atrial fibrillation.
JAMA Cardiol. (2017) 2:516–23. doi: 10.1001/jamacardio.2017.0064

38. Fietta P, Delsante G. The effector T helper cell triade. Riv Biol. (2009)
102:61–74.

39. Zheng DD Ji SN, Chen C, Deng XT, Su YM, Pan HY, et al. Association of
Interleukin-10 promotor polymorphisms with atrial fibrillation in Han Chinese.
Int J Clin Exp Med. (2014) 7:4199–206.

40. Henke PK, DeBrunye LA, Strieter RM, Bromberg JS, Prince M, Kadell
AM, et al. Viral IL-10 gene transfer decreases inflammation and cell adhesion
molecule expression in a rat model of venous thrombosis. J Immunol. (2000)
164:2131–41. doi: 10.4049/jimmunol.164.4.2131

41. Tang B, Chen YK, Luo WJ, Fu J, Sun JM. Association between interleukin-
10−1082A/G,−819C/T and−592C/A polymorphisms with deep venous
thrombosis. Hum Immunol. (2014) 75:203–7. doi: 10.1016/j.humimm.2013.12.013

42. Zee RY, Cook NR, Cheng S, Reynolds R, Erlich HA, Lindpaintner K,
et al. Polymorphism in the P-selectin and interleukin-4 genes as determinants of
stroke: a population-based, prospective genetic analysis. Hum Mol Genet. (2004)
13:389–96. doi: 10.1093/hmg/ddh039

43. Gandhi NA, Pirozzi G, Graham NMH. Commonality of the IL-4/IL-
13 pathway in atopic diseases. Expert Rev Clin Immunol. (2017) 13:425–
37. doi: 10.1080/1744666X.2017.1298443

44. Brown M, O’Reilly S. The immunopathogenesis of fibrosis in systemic
sclerosis. Clin Exp Immunol. (2019) 195:310–21. doi: 10.1111/cei.13238

45. Luo X, Villablanca EJ. Type 2 immunity in intestinal homeostasis
and inflammatory bowel disease. Biochem Soc Trans. (2021) 49:2371–
80. doi: 10.1042/BST20210535

46. Abe I, Teshima Y, Kondo H, Kaku H, Kira S, Ikebe Y, et al. Association of
fibrotic remodeling and cytokines/chemokines content in epicardial adipose tissue
with atrial myocardial fibrosis in patients with atrial fibrillation. Heart Rhythm.
(2018) 15:1717–27. doi: 10.1016/j.hrthm.2018.06.025

47. Huang J, Wu N, Xiang Y, Wu L, Li C, Yuan Z, et al. Prognostic value of
chemokines in patients with newly diagnosed atrial fibrillation. Int J Cardiol. (2020)
320:83–9. doi: 10.1016/j.ijcard.2020.06.030

48. Hiram R. Cardiac cytokine therapy? Relevance of targeting
inflammatory mediators to combat cardiac arrhythmogenic remodeling.
Int J Cardiol Heart Vasc. (2021) 37:100918. doi: 10.1016/j.ijcha.2021.
100918

49. Wu N, Xu B, Xiang Y, Wu L, Zhang Y, Ma X, et al. Association
of inflammatory factors with occurrence and recurrence of atrial fibrillation:
a meta-analysis. Int J Cardiol. (2013) 169:62–72. doi: 10.1016/j.ijcard.2013.
08.078

50. Aksu K, Donmez A, Keser G. Inflammation-induced thrombosis:
mechanisms, disease associations and management. Curr Pharm Des. (2012)
18:1478–93. doi: 10.2174/138161212799504731

51. Tuttolomondo A, Di Raimondo D, Pecoraro R, Arnao V, Pinto A, Licata
G. Inflammation in ischemic stroke subtypes. Curr Pharm Des. (2012) 18:4289–
310. doi: 10.2174/138161212802481200

Frontiers in PublicHealth 09 frontiersin.org

https://doi.org/10.3389/fpubh.2022.844087
https://doi.org/10.1016/j.thromres.2011.07.013
https://doi.org/10.1016/j.hrthm.2011.09.017
https://doi.org/10.1042/CS20080372
https://doi.org/10.1016/j.ahj.2004.01.026
https://doi.org/10.1161/STROKEAHA.111.634089
https://doi.org/10.1016/j.ahj.2015.09.018
https://doi.org/10.1007/s00011-010-0210-8
https://doi.org/10.1378/chest.07-1185
https://doi.org/10.1016/j.amjcard.2007.01.030
https://doi.org/10.1378/chest.07-2557
https://doi.org/10.1111/eci.12140
https://doi.org/10.1016/s0195-668x(03)00239-2
https://doi.org/10.1001/jamacardio.2017.0064
https://doi.org/10.4049/jimmunol.164.4.2131
https://doi.org/10.1016/j.humimm.2013.12.013
https://doi.org/10.1093/hmg/ddh039
https://doi.org/10.1080/1744666X.2017.1298443
https://doi.org/10.1111/cei.13238
https://doi.org/10.1042/BST20210535
https://doi.org/10.1016/j.hrthm.2018.06.025
https://doi.org/10.1016/j.ijcard.2020.06.030
https://doi.org/10.1016/j.ijcha.2021.100918
https://doi.org/10.1016/j.ijcard.2013.08.078
https://doi.org/10.2174/138161212799504731
https://doi.org/10.2174/138161212802481200
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

	Pilot study of peripheral blood chemokines as biomarkers for atrial fibrillation-related thromboembolism and bleeding in elderly patients
	Background
	Methods
	Study population
	Clinical data collection
	Measurement of chemokine levels
	Statistics

	Results
	Baseline clinical characteristics and risk of thrombosis and bleeding
	Clinical outcomes of elderly patients with AF during follow-up
	Association between chemokines and AF-related arterial thrombosis, venous thrombosis, and bleeding events 

	Discussions
	Chemokines and AF-related stroke
	IL-6 and AF-related thrombosis
	E-selectin/VCAM-1 and AF-related thrombosis/bleeding
	IL-4/IL-10 and AF-related thrombosis/bleeding
	Possible mechanisms

	Limitations
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	References


