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The role of complement Cl1q in
atrial fibrillation: a marker for
disease progression and surgical
outcomes

Yuefeng Ju ®, Maoding Wang, Yang Ji, Zhihui Wang,
Wenzhuo Wang, Feiyue Liu and Qing Zhao*

Department of Cardiology, The Affiliated Hospital of Qingdao University, Qingdao, China

Background and objective: The complement system plays a crucial role in the
pathogenesis and progression of cardiovascular diseases. C1q, a key initiator of
the classical pathway, is closely associated with various chronic inflammatory
conditions. This observational study aims to elucidate the potential risk
relationship between serum complement Clq levels and atrial fibrillation (AF).
Materials and methods: This retrospective cohort study included 812 AF patients
treated at the Affiliated Hospital of Qingdao University from January 2020 to
October 2022, comprising 694 patients in the paroxysmal AF group and 118 in
the persistent AF group. Serum complement Clq levels were measured using
an enzyme-linked immunosorbent assay (ELISA).

Results: Serum Clq levels in the AF group were significantly lower than those in
the control group (P <0.001). Logistic regression analysis indicated that reduced
plasma Clq levels were independently associated with the incidence of AF (95%
Cl=0.974-0.981, P=0.001). Additionally, ROC curve analysis confirmed the
close association between plasma Clqg levels and AF, highlighting the
predictive value of Clq for AF. Further investigation revealed that C1lq serves as
an independent risk factor for complex fractionated atrial electrograms (CFAE)
in the superior left atrium of paroxysmal AF patients (95% Cl=0.984-0.998,
P =0.031), suggesting its potential as a clinical indicator for guiding AF
surgical interventions.

Conclusion: Serum Clq levels are significantly reduced in patients with AF. The
presence of CFAE in the superior left atrium of paroxysmal AF patients may be
potentially associated with Clg levels. Low complement levels are associated
with atrial fibrillation compared to individuals without AF and may represent a
potential underlying cause of impaired sinus rhythm maintenance following
pulmonary vein isolation. Complement Clg may play a critical role in the
pathogenesis of AF.

KEYWORDS

atrial fibrillation, plasma complement Clq, myocardial fibrosis, complex fractionated
atrial electrograms, pulmonary vein isolation

1 Introduction

Atrial fibrillation is widely recognized as one of the leading causes of disability and
mortality worldwide (1). However, the molecular mechanisms underlying atrial
fibrillation (AF) remain incompletely characterized, resulting in persistent risks of heart
failure, thromboembolic events, stroke, and even ventricular fibrillation (VF) induction
in AF patients (2). Myocardial fibrosis induces the generation of atrial ectopic
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potentials, which are key contributors to the development of AF
(3). Studies have demonstrated that the complement system
exacerbates fibrotic processes in cardiomyocytes and vascular
endothelial cells by triggering inflammatory responses, and it has
been found to be closely associated with cardiovascular diseases
such as coronary artery disease and aortic stenosis (4-7).

As a recognition molecule of the classical complement
pathway, Clq binds to immune cells activated by antigens,
initiating the classical pathway and regulating adaptive immunity
(5, 6, 8, 9), Furthermore, Clq can activate non-classical
pathways, such as Wnt signaling, through protease-cleaved
alternative targets (5, 10-16). More importantly, Clq protects
intracellular molecules and prevents the production of
autoantibodies (17). Our observations revealed that serum Clq
levels are generally lower in AF patients. Reduced synthesis,
increased consumption, and depletion due to immune complexes
or anti-Clq autoantibodies (HUVS) were closely associated with
decreased Cl1q levels. Therefore, this study aims to uncover the
potential relationship between complement Clq and AF and to

explore the underlying mechanisms linking Clq to AF.

2 Subjects and methods
2.1 Subjects

We conducted a retrospective study by collecting clinical data
from patients treated at the Affiliated Hospital of Qingdao
University between January 2020 and October 2022. A total of
812 patients (aged > 18 years) clinically diagnosed with AF were
included in the AF group, which was further subdivided into

10.3389/fcvm.2025.1512187

two subgroups: the persistent AF group (n=118) and the
paroxysmal AF group (n=694). The control group comprised
1,012 non-AF participants recruited from the same health
examination cohort at our institution during the study period.
All enrolled participants underwent a rigorous screening
protocol to exclude individuals with conditions potentially
affecting serum complement Clq levels (Figure 1). Classification
was performed according to the 2014 AHA/ACC/HRS AF
management guidelines (18), Patients with AF episodes lasting
more than 7 days without spontaneous termination or requiring
pharmacological or electrical cardioversion were classified as
part of the persistent AF group. Conversely, self-limiting AF
episodes lasting less than 7 days were classified as part of the
paroxysmal AF group. Exclusion criteria included patients with
related arrhythmias, those with
pacemaker-induced AF, patients meeting the diagnostic criteria

AF  episodes to other
for acute coronary syndrome or non-stenotic acute myocardial
infarction, patients with blood pressure >180/110 mmHg
despite standard antihypertensive treatment, those with
congestive heart failure (NYHA class III or IV), dilated or
heart

experiencing

hypertrophic cardiomyopathy, valvular disease, or

heart
cerebrovascular events or those who had undergone surgery

congenital disease.  Patients acute
within the last 3 months were also excluded. Additional
exclusion criteria included patients with ALT or AST levels
three times higher than the normal range, an estimated
(eGFR) < 15 ml/(min-1.73 m?), or

creatinine >115 umol/L. Patients with malignancies, acute or

glomerular filtration rate
chronic infections, and autoimmune diseases (8, 19) were also
excluded. The study was approved by the institutional review
board, and informed consent was obtained from all participants.

Patients diagnosed with AF

(N=1120)

Patients with AF excluding systemic diseases

Exclude 169 patients due to:

-Acute/chronic infections (30 patients)

-Serious heart, lung, or kidney diseases (43 patients)

l -Malignant tumors (13 patient)

[ -With other arrhythmias (40 patients)

-Autoimmune diseases or taking immunosuppressive drugs (8 patients)
-Had surgery in the previous 3 months (26 patients)

-Blood pressure was 2180/110 mmHg on standard antihypertensive
Medication (9 patients)

(N=951)

| Exclude 65 patients due to:
| -Patients with AF who underwent radiofrequency ablation (25 patients)
-Patients with AF who have had a pacemaker implanted (40 patients)

Patients with AF who haven’t underwent
interventional treatment for arrhythmias
(N=886)

| Exclude 74 patients due to:
[ -Patients with ALT or AST 3 times higher than normal (43 patients)
-Patients whose estimated creatinine > 177 pmol/L (31 patients)

Patients with AF meeting inclusion criteria

(N=812)

FIGURE 1
Flow-chart. AF, atrial fibrillation; AST, aspartate aminotransferase; ALT,

alanine aminotransferase
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2.2 Methods

Peripheral blood samples of patients and controls were
collected at admission into study. Within 30 min, blood samples
were centrifuged at 3,000 g for 10 min, and afterwards plasma
samples were stored at —80°C for final analysis. Plasma Clq
levels were quantitatively measured utilizing the enzyme-linked
immunosorbent assay with a commercially available kit according
to the manufacturer’s instructions.

All patients were staged using the 2014 AHA/ACC/HRS
with  Atrial
Fibrillation (18) as the basis for the diagnostic staging of atrial

Guidelines for the Management of Patients

fibrillation, and patients in sinus rhythm were used as controls.

2.3 Echocardiography

Two-dimensional  transthoracic  echocardiography
performed using GE Vivid E9 as the same with a 3.5 MHz

transducer. Transthoracic echocardiography was completed by

was

experienced doctors on all subjects to evaluate the characteristics
of their left atrial (LA), and left ventricular ejection fraction
(LVEF) at the time of admission.

2.4 AF assessment

All participants were differentiated between sinus rhythm and
AF rhythm through 12-lead electrocardiogram (ECG)/72 h Holter
monitoring, medical history, and clinical evaluation, with further
classification into persistent and paroxysmal AF subtypes.

10.3389/fcvm.2025.1512187

2.5 Pulmonary vein isolation procedure

Intracardiac electrograms were recorded using an advanced
electrophysiological system. Three-dimensional electroanatomic
mapping was conducted using a pulmonary vein mapping
catheter. Paroxysmal AF patients with complex fractionated atrial
electrograms (CFAE) were identified and recorded during the
surgical procedure. CFAE identification strictly adhered to the
Nademanee criteria: (1) electrogram amplitude <0.15 mV, (2) >3
deflections per 50 ms window, and (3) continuous electrical
activity persisting >70% of AF cycle length. Automated
quantification was performed using CARTO® CFAE software
(v7.0, Biosense Webster) with thresholds set as: CFAE-
mean <120 ms, SCI <60 ms, and ICL>6. All CFAE sites were
validated by offline review of unannotated electrograms by two
independent electrophysiologists. Systemic anticoagulation was
achieved with intravenous heparin during the procedure to
maintain an activated clotting time of 350-400s. An open-
irrigated tip catheter was used. Following the completion of
protocol-based ablation, the procedure was concluded when no
AF recurrence was observed for 10 min after isoproterenol
infusion (5-20 ug/min, depending on the use of P-blockers,
targeting a sinus heart rate of 120 bpm) (Figure 2).

2.6 Statistical analysis

Normally distributed data (continuous variables) were

expressed as mean *standard  deviation. Non-normally

distributed data were expressed as median of interquartile range
or interquartile spacing, with frequencies and percentages

FIGURE 2

location, characteristic of CFAE.

A schematic representation of CFAE in patients with paroxysmal atrial fibrillation. (A,B) depict the classic pulmonary vein isolation ablation and roofline
ablation treatments. (C) demonstrates the localization of abnormal potential origins. (D) highlights the origin of abnormal potentials in the left atrium,
with red indicating the site of the earliest myocardial potential. Electrophysiological testing reveals fractionated and fragmented potentials at this
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of the
Comparisons between groups of normally distributed data were

indicating the characteristics categorical variables,
made using unpaired t-tests. Non-parametric tests were used for
comparison of non-normally distributed data between groups.
Comparisons of categorical variables were analyzed using the
chi-square test or Fisher’s exact test. Binary logistic regression
models were used for multivariate analysis. The Pearson
correlation test was used to calculate the correlation between
normally distributed data, and the Spearman correlation test was
used to analyze the correlation between non-normally distributed
data. All statistical analyses were performed using a commercial
statistical program (SPSS) to analyze data. Two-sided p values

<0.05 were considered statistically significant differences.

2.7 Ethics statement

This study was performed in line with the principles of the
Declaration of Helsinki. Approval was granted by the Ethics
Committee of the Affiliated Hospital of Qingdao University
(QYFY-WZLL-28406).

3 Results
3.1 Clinical characteristics

A total of 1,120 AF participants were recruited. After a rigorous
screening process (Figure 1), 812 AF participants were ultimately
included in our study and classified into two groups based on
their clinical presentation: the persistent AF group and the
paroxysmal AF group. A control group consisting of 1,012 age-
and sex-matched non-AF participants was also included. No
(p>0.05) were observed
between AF subjects and non-AF controls in demographic and

statistically ~significant differences

anthropometric parameters, including gender, age, or body mass
index (BMI). Tables 1-3 summarize the clinical characteristics,
laboratory findings, and imaging results of the three groups. Of
the 812 AF patients, the mean age was 55.88 +11.31 years, and
the mean BMI was 26.15 + 3.30 kg/m?, with a total of 268 (33%)
being female. Among the AF patients, 118 (14.5%) were classified
as having persistent AF, while 694 (85.5%) were classified as
having paroxysmal AF. Of the AF patients, 701 underwent
catheter-based radiofrequency ablation, of which 600 (85.6%)
were diagnosed with paroxysmal AF.

3.2 Atrial fibrillation

Compared with the non-AF control group, serum Clq levels
were significantly decreased in AF participants (AF group:
159.00 +£32.92 mg/L vs. control group: 178.89+30.31 mg/L,
P<0.001) (Table 1, Figure 3A), with even lower levels observed
in the persistent AF subgroup (persistent AF group:
155.03 +34.03 mg/L vs. control group: 178.89+30.31 mg/L,
P <0.001) (Table 2, Figure 3B). To evaluate whether complement
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Clq is an independent risk factor for AF, we included clinical
and laboratory characteristics such as hypertension, diabetes,
BMI, smoking, systolic blood pressure, alcohol consumption,
serum creatinine levels, D-dimer, and left ventricular ejection
fraction (LVEF) in a logistic regression analysis. After adjusting
for confounding factors related to the incidence of AF, we found
that Clq (95% CI=0.974-0.980, P=0.001), LVEF (95%
CI=0.766-1.814, P<0.001), and hypertension (95% CI=1.024-
1.580, P=0.030) were independent risk factors associated with
AF. Among them, plasma Clq concentration was negatively
correlated with AF (Table 4).

Subsequently, we performed a correlation analysis between Clq
and factors related to AF pathogenesis. Pearson/Spearman
correlation analysis showed that plasma Clq concentration was
negatively correlated with left atrial enlargement (r=-0.1975,
P<0.001), and showed weak negative correlations with LVEF
(r=-0.075, P<0.001) and creatinine (Cr) levels (r=—0.0595,
P<0.011). These results suggest that Clq may be closely
associated with left atrial enlargement, ultimately contributing to
the development of AF. However, further data is required to
support this hypothesis (Table 5).

3.3 Complex fractionated atrial
electrograms(CFAE) in the superior wall of
the left atrium

Complex fractionated atrial electrograms (CFAE) in the
superior left atrium are considered a major contributor to AF
recurrence following pulmonary vein isolation. We analyzed
intracardiac  potential with

recordings from 600 patients

TABLE 1 Clinical characteristics of patients (n =1,824).

Non-AF Controls | AF Subjects | P-value
(n=1,012) (n=812)

Parameters

Female n (%) 489 (48.3) 268 (33.0) 0.479
Age(years) 54.87 £10.65 55.88 £11.31 0.085
SBP (mmHg) 129.22 +16.23 131.95 £16.02 0.326
DBP (mmHg) 79.13 £11.57 79.58 +11.42 0.402
BMI (kg/mz) 25.29+3.26 26.15+3.30 0.368
Smoking 210 (20.8) 178 (21.9) 0.195
Drinking 248 (24.5) 209 (25.7) 0.012
Hypertension 382 (37.8) 359 (44.2) 0.005
Diabetes 207 (20.5) 106 (33.9) 0.410
CHA,DS,-VASc Score 3.45+1.74

Laboratory examination

Clq(mg/L) 178.89 + 30.31 160.93 £ 33.10 <0.001
Cr (umol/L) 76.63 £13.07 7542 +17.31 0.099
D-Dimer (ug/L) 308.54 + 122.36 298.49 +131.55 0.092
FIB (g/L) 2.71£0.53 2.75+£0.54 0.095
Echocardiography

LA enlargement 501 (49.5) 635 (78.20) <0.001
LVEF (%) 62.88 +3.96 58.94 +5.35 <0.001

SBP, systolic blood pressure; DBP, diastolic blood pressure; BMI, body mass index; Cr,
creatinine; FIB, fibrinogen; LA, left atial; LA enlargement: High left atrium enlargement is
defined as: left atrial area >20 cm® or left atrial diameter >40 mm; LVEF, left ventricular
ejection fraction.
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TABLE 2 The levels of complement Clq in patients.

The controls
(n=1,012)

Parameters

Clq(mg/L) 178.89 +30.31

Paroxysmal AF patients

(n = 694)
159.67 +32.71

10.3389/fcvm.2025.1512187

AF
Persistent AF patients

(n=118)
155.03 + 34.03

159.00 £ 32.92

TABLE 3 Echocardiography characteristics of patients.

Parameters The controls AF
(n=1,012) Paroxysmal AF patients Persistent AF patients
(n = 694) (n=118)

LAD

35-40 mm 721 (71.24) 74 (10.66) 19 (16.10) 93 (11.46)
40-45 mm 100 (10.12) 121 (17.44) 14 (11.86) 134 (16.50)
46-55 mm 171 (16.90) 302 (43.52) 53 (44.92) 355 (43.72)
>55 mm 20 (1.98) 114 (16.43) 19 (16.10) 133 (16.38)

LAD, left atrial diameter.

paroxysmal AF who underwent radiofrequency catheter ablation.
Table 6 summarizes the clinical characteristics, laboratory
findings, and imaging results of these patients. The results
showed that 80 (13.3%) paroxysmal AF patients had CFAE in
the superior left atrium and subsequently underwent additional
radiofrequency ablation. We further divided the paroxysmal AF
patients who underwent radiofrequency ablation into two groups:
those with CFAE in the superior left atrium and those without.
We found that Clq levels in patients with CFAE in the superior
left atrium were significantly lower than in those without CFAE
(151.81 £29.45 mg/L vs. 161.37 £ 33.13 mg/L, P=0.015) (Table 6,
Figure 4). To evaluate whether Clq is an independent risk factor
for CFAE in the superior left atrium, we performed logistic
regression analysis, including potential risk factors associated

with CFAE. After adjusting for confounding factors, we found
that plasma Clq levels (95% CI =0.984-1.998, P=0.031) and left
atrial enlargement (95% CI=1.514-81.119, P=0.018) were
independently associated with the presence of CFAE in
This that Clq is an
independent risk factor for the presence of CFAE in the superior

paroxysmal AF patients. indicates
left atrium of paroxysmal AF patients and is negatively correlated
with the occurrence of CFAE. Interestingly, correlation analysis
revealed that in paroxysmal AF patients with CFAE in the
superior left atrium, Clq was positively correlated with female
sex (r=0.257, P<0.001) but negatively correlated with left atrial
enlargement (r=-0.293, P=0.023) and diabetes (r=—0.085,
P=0.037) (Table 8). Clq
relationship with other parameters (P> 0.05).

showed no significant linear

A *ok

350—

c1q( mg/L)
g
I

a

o

3
I

*
*

350—

C1q( mg/L)
»n
3
|

Control AF

FIGURE 3

component 1q.

Serum Clq levels in AF and control groups. (A) Box and scatterplot of serum Clq levels in patients of Control, AF groups; (B) Box and scatterplot of
serum Clq levels in patients of Control, paroxysmal AF, persistent AF groups. The horizontal line in the middle, top and bottom indicates the median
value, the 75th and 25th percentiles, respectively; the dots represent each individual. *P < 0.05, **P <0.01. AF, atrial fibrillation; C1g, complement

Control Paroxysmal AF Persistent AF
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TABLE 4 Univariate and multivariable logistic regression analyses.

Multivariable
analysis

95% ClI P

Univariate
analysis

Parameters

95% ClI

Complement Clq 0.976-0.983 <0.001 0.974-0.981 0.001*
Hypertension 1.083-1.577 0.005 1.024-1.580 0.030*
Diabetes 0.752-1.193 0.644

BMI 0.996-1.010 0.385

SBP 0.997-1.009 0.326

Drinking 1.062-1.645 0.012 0.903-1.497 0.243
Smoking 0.694-1.077 0.195

Cr 0.989-1.001 0.089

D-dimer 0.999-1.000 0.093

LVEF 0.775-0.821 <0.001 0.766-0.814 | <0.001*

BMI, body mass index; SBP, systolic blood pressure; Cr, creatinine; LA, left atrial; LVEF, left
ventricular ejection fraction.
*P <0.05 vs. control.

3.4 Complement Clq

Our analysis indicates that complement Clq is an independent
risk factor for AF and is associated with complex fractionated atrial
electrograms (CFAE) in the superior left atrium of patients with
paroxysmal AF. ROC curve analysis evaluated the predictive
value of complement Clq for AF and determined an optimal
cutoff value of 156.8 mg/L. The sensitivity and specificity of Clq
in predicting AF were 0.51 and 0.77, respectively [area under the
curve (AUC)=0.679, 95% CI 0.654-0.704, P <0.001; Figure 5],
suggesting that complement C1q is a reliable risk predictor for AF.

Additionally, we performed ROC curve analysis using complement
Clq as a potential predictor for CFAE in the superior left atrium of
paroxysmal AF patients. The results indicated that Clq had a
sensitivity of 0.59 and a specificity of 0.58 in predicting CFAE
(AUC=10.579, 95% CI 0.515-0.643, P = 0.022; Figure 6). This suggests
that Clq has some predictive value for CFAE and may serve as a
guiding indicator for comprehensive electrophysiological assessments
during catheter ablation procedures in paroxysmal AF patients.

4 Discuss

Based on this retrospective case-control study, we report the
following novel findings: plasma complement Clq levels were
significantly downregulated in AF patients compared to non-AF
controls, with more pronounced reductions observed in those with
persistent AF. More importantly, further analysis revealed that
decreased Clq levels were independently associated with complex
fractionated atrial electrograms (CFAE) in the superior left atrium
of paroxysmal AF patients undergoing catheter ablation. This
suggests that the independent predictive role of Clq in AF may be
linked to abnormal intra-atrial potentials, highlighting the need for
a more comprehensive intra-atrial electrophysiological assessment
during ablation procedures. Low complement levels are associated
with atrial fibrillation compared to individuals without AF and may
represent a potential underlying cause of impaired sinus rhythm
maintenance following pulmonary vein isolation.
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TABLE 5 Relationship between Clq and other variables.

Parameters Correlation coefficient (r) | p value
Hypertension —-0.018 0.436
Diabetes —0.035 0.135
BMI 0.024 0.306
SBP 0.023 0.319
Drinking —0.030 0.195
Cr —0.059 0.011*
LA enlargement —0.198 0.001**
LVEF —0.077 0.001**

BMLI, body mass index; SBP, systolic blood pressure; Cr, creatinine; LA, left atrial; LVEF, left
ventricular ejection fraction.
*p < 0.05, **p < 0.01 (two-sided tests).

TABLE 6 Clinical characteristics of AF patients that underwent AF catheter
ablation (n = 600).

Non LAR-CFAE | LAR-CFAE

(n = 80)

Parameters P-value

(n =520)

Female n (%) 170 (32.7) 25 (31.3) 0.798
Age(years) 55.75+11.18 55.52+10.73 0.867
SBP (mmHg) 132.07 £16.32 130.01 £ 15.86 0.307
DBP (mmHg) 79.12+11.30 81.28 +13.16 0.121
BMI (kg/mz) 26.12 +3.40 26.73 +3.08 0.864
Smoking 119 (22.9) 19 (23.6) 0.195
Drinking 131 (25.2) 18 (22.5) 0.605
Hypertension 240 (46.2) 35 (43.8) 0.688
Diabetes 102 (19.6) 19 (23.8) 0.392
CHA,DS,-VASc Score 297 £1.57 3.29+1.82 0.418
Laboratory examination

Clq(mg/L) 161.37 £33.13 158.81 £29.45 0.015
Cr (umol/L) 75.70 £ 17.55 71.41+16.81 0.041
Echocardiography

LA enlargement 452 (86.7) 79 (98.7) 0.002
LVEF (%) 59.17 +4.76 58.66 + 5.00 0.383

LAR, left atrial roof; SBP, systolic blood pressure; DBP, diastolic blood pressure; BMI, body
mass index; Cr, creatinine; LA, left atrial; LA enlargement, High left atrium enlargement is
defined as: left atrial area >20 cm? or left atrial diameter >40 mm; LVEF, left ventricular

ejection fraction.

The development and progression of AF are influenced by
multiple factors, including age, genetic predisposition, obesity,
diabetes, hypertension, obstructive sleep apnea, valvular heart
disease, cardiomyopathy, and heart failure (7). The complement
system is a critical component of both specific and non-specific
(20),
expression and promoting the production of interleukins and

immune responses capable of stimulating E-selectin
other related inflammatory proteins through autocrine and
paracrine mechanisms, thereby participating in the body’s
inflammatory response (21). As one of the key initiators of
immune responses within the complement system, Clq deficiency
has been closely associated with a shift from suppressive
regulatory T cell (Treg) responses to pro-inflammatory Thl7
responses (22). Some studies have suggested that inflammatory
responses in the myocardium may serve as abnormal foci for AF
initiation (23, 24), High-sensitivity C-reactive protein (hs-CRP)
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ROC curve of complement C1q in patients with atrial fibrillation (area
under the curve=0.68, 95% confidence interval 0.654-0.704;
P<0.001).
TABLE 7 LAR-CFAE: univariate and multivariable logistic regression
analyses.
Parameters Univariate Multivariable
analysis EREIWAH ROC curve
95% ClI P 95% ClI P 1.0
Complement Clq 0.983-0.998 0.016 0.984-0.998 0.031*
Age 0.977-1.020 0.867
Female sex 0.564-1.554 0.798 0.8-
Hypertension 0.565-1.458 0.688
Diabetes 0.730-2.231 0.392
BMI 0.984-1.128 0.133
_ 2 0.6
SBP 0.978-1.007 0.306 S
Drinking 0.492-1.511 0.604 =
Smoking 0.603-1.827 | 0.864 a2
Left atrial enlargement 1.627-86.835 0.015 1.514-81.119 | 0.018* J; 0.4+
LVEF 0.936-1.026 0.383
LAR, left atrial roof; CFAE, complex fractionated atrial electrograms; BMI, body mass index;
SBP, systolic blood pressure; LA, left atrial; LVEF, left ventricular ejection fraction. 0.2-
*P <0.05 vs. control. "
TABLE 8 P L AF: relationship bet Ciq and oth abl 9.0 ) ' Y y
aroxysmal AF: relationship between Clq and other variables. 0.0 0.2 0.4 0.6 0.8 1.0
Parameters Correlation coefficient (r) p value 1 - Specificity
Age —0.005 0.907
FIGURE 6
Gender(female) 0.257 <0.001* ROC curve of complement Clg in patients with complex
BMI 0.017 0.678 fractionated atrial electrograms (CFAE) (area under the
Hypertension —0.038 0.359 curve = 0.58, 95% confidence interval 0.515-0.643; P<0.001).
Diabetes —0.085 0.037*
Drinking 0.004 0.914
Cr 0.007 0.865
LA enlargement 0293 0.023* has also been identified as an independent predictor for the
LVEF —0.005 0.897 maintenance of sinus rhythm in AF patients (25). In recent years,

BMI, body mass index; Cr, creatinine; LA, left atrial; LVEF, left ventricular ejection fraction. Clq has been found to induce mYocardial fibrosis and accelerate
*p < 0.05, *p < 0.01 (two-sided tests). cardiomyocyte aging through the activation of inflammatory
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responses (26), the development of AF is driven by this key
which
disturbances. In this study, we found that serum complement Clq

pathological ~ change, exacerbates  atrial  electrical
levels were significantly lower in AF patients compared to those
with sinus rhythm, with even more pronounced reductions
observed in patients with persistent AF. This suggests that
complement Clq may be associated with AF pathogenesis. We
further

enlargement, and left ventricular ejection fraction (LVEF). The

analyzed the correlation between Clq, left atrial
results demonstrated that C1q was negatively correlated with left
atrial enlargement and LVEF, suggesting that Clq may be
significantly associated with impaired left atrial function, loss of
myocardial fiber elasticity, and reduced overall left ventricular
pumping function. Logistic regression analysis indicated that left
atrial enlargement and Clq were independent risk factors for AF,
further supporting this hypothesis. AF, one of the most common
arrhythmias in clinical practice, not only reduces cardiac pumping
efficiency but also increases the risk of stroke and heart failure,
significantly impairing patients’ quality of life. We identified a
potential abnormality in Clq levels among AF patients. ROC
curve analysis demonstrated good sensitivity and specificity of Clq
for predicting AF. Furthermore, when the ROC cutoff value was
set at 156.80 mg/L, C1q exhibited strong specificity for predicting
AF. Patients with Clq levels below this threshold were more
frequently identified as having persistent AF. Therefore, serum
Clq may serve as a biomarker for AF and play an important role
in AF screening and management.

CFAE in the superior left atrium is a common cause of AF
recurrence following pulmonary vein isolation therapy. CFAE
manifests as fragmented or fractionated electrical signals during
cardiac electrophysiological examination and is associated with
atrial structural remodeling, local inflammation, and the degree of
fibrosis. CFAE ablation has been shown to modify the atrial
substrate that sustains AF, leading to favorable long-term
outcomes in patients with paroxysmal AF (27-29). Interestingly,
we found that Clq was significantly associated with CFAE in the
superior left atrium of patients with paroxysmal AF. Logistic
regression analysis indicated that Clq is an independent risk
factor for superior left atrial CFAE in paroxysmal AF patients and
is also correlated with left atrial enlargement, sex, and history of
diabetes. Therefore, we further investigated the predictive role of
Cl1q for superior left atrial CFAE in paroxysmal AF patients. ROC
curve analysis demonstrated that Clq had good predictive value
for CFAE in these patients. This suggests that C1q may serve as
an independent risk predictor for detecting potential CFAE during
catheter ablation procedures in patients with paroxysmal AF.
CFAE has been shown to induce and exacerbate AF episodes and
is even associated with AF recurrence following catheter-based
radiofrequency ablation (30). This finding further supports our
hypothesis that Clq is an independent risk factor for AF and has
strong predictive value for the condition.

Complement Clq is closely associated with various
cardiovascular diseases. Complement Clq has been shown to
increase the potential risk of adolescent obesity and metabolic
syndrome (Mets) by modulating obesity-related pathogenic factors
(31), It can also reduce the clearance of myocardial metabolites by
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mediating alcohol-induced hepatocyte injury (32), thereby
exacerbating chronic myocardial damage. Clq has been proven to
induce changes in LDL levels and can serve as a predictor of
coronary atherosclerosis (33). Furthermore, Clq can amplify
hypertension-related risk factors to a certain extent, leading to
abnormal fluctuations in blood pressure levels and increased
myocardial load (34). Other studies have found that Clq is
involved in the early activation of fibroblasts and type I alveolar
epithelial cells and participates in the progression of pulmonary
fibrosis by modulating signaling pathways (35). It can further
deteriorate lung function in smokers (36), ultimately leading to
increased cardiac load and myocardial fibrosis. These factors may
serve as potential triggers for increased myocardial load and the
development of myocardial fibrosis. In addition, C1q has many
other important functions. For example, C1q has been shown to
enhance neuronal viability and reduce neuronal damage by
regulating nerve growth factor (NGF) and neurotrophin-3 (NT-3)
(37); In terms of tumor survival, C1q participates in cancer cell
proliferation and tumor-associated angiogenesis by protecting
against oxidative stress-mediated apoptosis in the tumor
microenvironment (38); In autoimmune responses, Clq controls
and modulates innate and adaptive immune pathways through
complement-independent mechanisms, contributing to the
development of early-onset systemic lupus erythematosus and
preventing opportunistic bacterial infections (39).

The potential relationship between complement Clq and
thrombosis remains unclear. Interestingly, while exploring the
relationship between AF and complement Clq, we found that
C1q may have a potential link to intra-atrial thrombus formation
in AF patients. It is well known that a thrombus is a blood clot
composed of platelets, coagulation factors, fibrin, and sometimes
red and white blood cells. Intra-atrial thrombus formation is a
major contributor to severe complications in AF patients. Studies
have found that Clq exhibits high affinity for von Willebrand
factor (VWF) during the coagulation process and participates in
platelet adhesion (40). Clq deficiency or abnormal depletion
leads to an increased platelet count and significantly shortened
activated partial thromboplastin time (APTT) (41-44), which
undoubtedly elevates the risk of thrombus formation. Moreover,
cardiac fibroblasts have been found to be involved in the
expression of tissue factor (30). In non-valvular AF patients,
tissue factor expression in the atrial endothelium has been shown
to be potentially associated with intra-atrial thrombus formation
(35), Clq is involved in the activation of downstream factors of
tissue factor and the initiation of TF-related coagulation
responses (36), suggesting that C1q may contribute to intra-atrial
thrombus formation by participating in tissue factor-related
coagulation pathways. More importantly, a reduction in tissue
factor levels within a certain range can downregulate uPA
expression and inhibit its activity in myocardial fibrosis. This
trend is particularly prominent in women but shows the opposite
tendency in men (45). The extensive consumption of tissue
factor and other coagulation factors during thrombus formation
may lead to a decrease in uPA, thereby promoting thrombus
formation. This mechanism could be related to the higher risk of

thrombus formation observed in female patients compared to
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males. Therefore, we hypothesize that complement Clq may be
involved in the essential processes of thrombus formation and
may play a more active role in the atrium. However, further
experimental validation is required to support this hypothesis.

In conclusion, our study suggests that complement Clq may
serve as a novel biomarker for AF. Reduced Clq levels in AF
patients may indicate chronic inflammatory changes in atrial
tissue, the presence of CFAE, and could even increase the
potential risk of intra-atrial thrombus formation.

Therefore, plasma C1q levels may have potential value in the
diagnosis of AF in the general population and could guide more
detailed electrophysiological examinations during catheter ablation
procedures. Low complement levels are associated with atrial
fibrillation compared to individuals without AF. Combining Clq
levels with other clinical indicators may help predict the risk of
AF onset and guide improvements in surgical strategies, providing
new avenues for the clinical assessment and treatment of AF
patients. However, this study has several limitations. First, our
findings derived exclusively from AF patients who ultimately
underwent catheter ablation for diverse clinical indications (e.g.,
symptomatic or drug-refractory AF) may not fully represent the
broader AF population, particularly those managed medically or
with watchful waiting, potentially introducing selection bias.
Furthermore, we did not conduct follow-up with paroxysmal AF
patients who underwent radiofrequency ablation, preventing
further investigation into the relationship between complement
Clq, superior left atrial CFAE, and postoperative AF recurrence.
Therefore, cohort studies encompassing broader AF populations
remain necessary to validate these findings. We have initiated
plans to establish a prospective multicenter registry aimed at
further verifying this association while longitudinally assessing the
complement system’s potential impact on AF ablation outcomes.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by The Ethics
Committee of the Affiliated Hospital of Qingdao University. The
studies were conducted in accordance with the local legislation and
institutional requirements. The participants provided their written
informed consent to participate in this study. Written informed

References

1. Lloyd-Jones DM, Wang TJ, Leip EP, Larson MG, Levy D, Vasan RS, et al.
Lifetime risk for development of atrial fibrillation: the framingham heart
study. Circulation. (2004) 110(9):1042-6. doi: 10.1161/01.CIR.0000140263.
20897.42

2. Lip GY, Tse HF, Lane DA. Atrial fibrillation. Lancet. (2012) 379(9816):648-61.
doi: 10.1016/S0140-6736(11)61514-6

Frontiers in Cardiovascular Medicine

10.3389/fcvm.2025.1512187

consent was obtained from the individual(s) for the publication of
any potentially identifiable images or data included in this article.

Author contributions

YJ: Conceptualization, Data curation, Writing — original draft.
MW: Project administration, Supervision, Validation, Writing -
editing. YJ:
Methodology, Resources, Writing - review & editing. ZW:

review & Funding acquisition, Investigation,
Resources, Visualization, Writing - review & editing. WW:
Investigation, Resources, Visualization, Writing - original draft.
FL: Conceptualization, Software,

Investigation, Writing -

original draft. QZ: Writing - review & editing.

Funding

The author(s) declare that no financial support was received for
the research and/or publication of this article.

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.

Generative Al statement

The author(s) declare that Generative AI was used in the creation
of this manuscript. During the preparation of this work the authors
used chat-GPT in order to translation and editing. After using this
tool, the authors reviewed and edited the content as needed and
takes full responsibility for the content of the publication.

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.

3. Hao H, Yan S, Zhao X, Han X, Fang N, Zhang Y, et al. Atrial myocyte-derived
exosomal microRNA contributes to atrial fibrosis in atrial fibrillation. J Transl Med.
(2022) 20(1):407. doi: 10.1186/s12967-022-03617-y

4. Yasojima K, Schwab C, McGeer EG, McGeer PL. Complement components, but
not complement inhibitors, are upregulated in atherosclerotic plaques. Arterioscler
Thromb Vasc Biol. (2001) 21(7):1214-9. doi: 10.1161/hq0701.092160

frontiersin.org


https://doi.org/10.1161/01.CIR.0000140263.20897.42
https://doi.org/10.1161/01.CIR.0000140263.20897.42
https://doi.org/10.1016/S0140-6736(11)61514-6
https://doi.org/10.1186/s12967-022-03617-y
https://doi.org/10.1161/hq0701.092160
https://doi.org/10.3389/fcvm.2025.1512187
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

Ju et al.

5. Guo S, Mao X, Li X, Ouyang H, Gao Y, Ming L. Serum complement Clq activity
is associated with obstructive coronary artery disease. Front Cardiovasc Med. (2021)
8:618173. doi: 10.3389/fcvmm.2021.618173

6. Ma Y, Liu Y, Zhang Z, Yang G-Y. Significance of complement system in ischemic
stroke: a comprehensive review. Aging Dis. (2019) 10(2):429-62. doi: 10.14336/AD.
2019.0119

7. Chen L, Duan H-z, Zhang C, Li G, Wu Y-t, Wang D, et al. Serum complement
Clq level is associated with left ventricular hypertrophy induced by coarctation of the
aorta: a retrospective observational study. BMC Cardiovasc Disord. (2022) 22(1):367.
doi: 10.1186/s12872-022-02807-2

8. Ni X-n, Yan S-b, Zhang K, Sai W-w, Zhang Q-y, Ti Y, et al. Serum complement
Clq level is associated with acute coronary syndrome. Mol Immunol. (2020)
120:130-5. doi: 10.1016/j.molimm.2020.02.012

9. Navratil JS, Watkins SC, Wisnieski JJ, Ahearn JM. The globular heads of Clq
specifically recognize surface blebs of apoptotic vascular endothelial cells.
J Immunol. (2001) 166(5):3231-9. doi: 10.4049/jimmunol.166.5.3231

10. Scott D, Botto M. The paradoxical roles of Clq and C3 in autoimmunity.
Immunobiology. (2016) 221(6):719-25. doi: 10.1016/j.imbi0.2015.05.001

11. Kishore U, Kojouharova MS, Reid KB. Recent progress in the understanding of
the structure-function relationships of the globular head regions of Clq.
Immunobiology. (2002) 205(4-5):355-64. doi: 10.1078/0171-2985-00138

12. Speidl WS, Kastl SP, Huber K, Wojta J. Complement in atherosclerosis: friend or
foe? ] Thromb Haemost. (2011) 9(3):428-40. doi: 10.1111/j.1538-7836.2010.04172.x

13. Malik TH, Cortini A, Carassiti D, Boyle JJ, Haskard DO, Botto M. The
alternative pathway is critical for pathogenic complement activation in endotoxin-
and diet-induced atherosclerosis in low-density lipoprotein receptor-deficient mice.
Circulation. (2010) 122(19):1948-56. doi: 10.1161/CIRCULATIONAHA.110.981365

14. Széplaki G, Varga L, Fiist G, Prohdszka Z. Role of complement in the
pathomechanism of atherosclerotic vascular diseases. Mol Immunol. (2009)
46(14):2784-93. doi: 10.1016/j.molimm.2009.04.028

15. Ziccardi RJ, Tschopp J. The dissociation properties of native Cl. Biochem
Biophys Res Commun. (1982) 107(2):618-23. doi: 10.1016/0006-291x(82)91536-4

16. Nayak A, Ferluga J, Tsolaki AG, Kishore U. The non-classical functions of the
classical complement pathway recognition subcomponent Clq. Immunol Lett.
(2010) 131(2):139-50. doi: 10.1016/j.imlet.2010.03.012

17. Botto M, Dell’ Agnola C, Bygrave AE, Thompson EM, Cook HT, Petry F, et al.
Homozygous Clq deficiency causes glomerulonephritis associated with multiple
apoptotic bodies. Nat Genet. (1998) 19(1):56-9. doi: 10.1038/ng0598-56

18. January CT, Wann LS, Alpert JS, Calkins H, Cigarroa JE, Cleveland JC, et al.
2014 AHA/ACC/HRS guideline for the management of patients with atrial
fibrillation: executive summary: a report of the American college of cardiology/
American heart association task force on practice guidelines and the heart rhythm
society. Circulation. (2014) 130(23):2071-104. doi: 10.1161/CIR.0000000000000040

19. Chen L, Liu S, Xu W, Zhang Y, Bai J, Li L, et al. Association of plasma C1q/TNF-
related protein 3 (CTRP3) in patients with atrial fibrillation. Mediators Inflamm.
(2020) 2020:8873152. doi: 10.1155/2020/8873152

20. Castellano G, Woltman AM, Schena FP, Roos A, Daha MR, van Kooten C.
Dendritic cells and complement: at the cross road of innate and adaptive immunity.
Mol Immunol. (2004) 41(2-3):133-40. doi: 10.1016/j.molimm.2004.03.018

21. Ghebrehiwet B, Hosszu KH, Peerschke EI. Clq as an autocrine and paracrine
regulator of cellular functions. Mol Immunol. (2017) 84:26-33. doi: 10.1016/j.
molimm.2016.11.003

22. Yuan X, Chang CY, You R, Shan M, Gu BH, Madison MC, et al. Cigarette
smoke-induced reduction of Clq promotes emphysema. JCI Insight. (2019) 5(13):
e124317. doi: 10.1172/jci.insight.124317

23. Lin Y-J, Tsao H-M, Chang S-L, Lo L-W, Tuan T-C, Hu Y-F, et al. Prognostic
implications of the high-sensitive C-reactive protein in the catheter ablation of atrial
fibrillation. Am J Cardiol. (2010) 105(4):495-501. doi: 10.1016/j.amjcard.2009.10.019

24. Gedikli O, Dogan A, Altuntas I, Altinbas A, Ozaydin M, Akturk O, et al.
Inflammatory markers according to types of atrial fibrillation. Int J Cardiol. (2007)
120(2):193-7. doi: 10.1016/j.ijcard.2006.09.015

25. Watanabe E, Arakawa T, Uchiyama T, Kodama I, Hishida H. High-sensitivity
C-reactive protein is predictive of successful cardioversion for atrial fibrillation and
maintenance of sinus rhythm after conversion. Int J Cardiol. (2006) 108(3):346-53.
doi: 10.1016/j.ijcard.2005.05.021

Frontiers in Cardiovascular Medicine

10

10.3389/fcvm.2025.1512187

26. Naito AT, Sumida T, Nomura S, Liu M-L, Higo T, Nakagawa A, et al.
Complement Clq activates canonical Wnt signaling and promotes aging-related
phenotypes. Cell. (2012) 149(6):1298-313. doi: 10.1016/j.cell.2012.03.047

27. Oketani N, Seitz ], Salazar M, Pisapia A, Kalifa ], Smit JJ, et al. Ablation of
complex fractionated electrograms is useful for catheter ablation of persistent atrial
fibrillation: protagonist point of view. Heart Rhythm. (2016) 13(10):2098-100.
doi: 10.1016/j.hrthm.2016.06.036

28. Kabra R, Singh JP. Catheter ablation targeting complex fractionated atrial
electrograms for the control of atrial fibrillation. Curr Opin Cardiol. (2012)
27(1):49-54. doi: 10.1097/HCO.0b013e32834dc3bc

29. Nademanee K, Lockwood E, Oketani N, Gidney B. Catheter ablation of atrial
fibrillation guided by complex fractionated atrial electrogram mapping of atrial
fibrillation substrate. J Cardiol. (2010) 55(1):1-12. doi: 10.1016/j.jjcc.2009.11.002

30. Oral H, Chugh A, Good E, Crawford T, Sarrazin JF, Kuhne M, et al. Randomized
evaluation of right atrial ablation after left atrial ablation of complex fractionated atrial
electrograms for long-lasting persistent atrial fibrillation. Circ Arrhythm Electrophysiol.
(2008) 1(1):6-13. doi: 10.1161/CIRCEP.107.748780

31. Yang X, Ma Y, Zhao Z, Zhen S, Wen D. Complement Clq as a potential
biomarker for obesity and metabolic syndrome in Chinese adolescents. Front
Endocrinol. (2020) 11:586440. doi: 10.3389/fend0.2020.586440

32. Cohen JI, Roychowdhury S, McMullen MR, Stavitsky AB, Nagy LE.
Complement and alcoholic liver disease: role of Clq in the pathogenesis of ethanol-
induced liver injury in mice. Gastroenterology. (2010) 139(2):664-674.el. doi: 10.
1053/j.gastro.2010.04.041

33. Jia Y, Wen W, Yang Y, Huang M, Ning Y, Jiao X, et al. The clinical role of
combined serum Clq and hsCRP in predicting coronary artery disease. Clin
Biochem. (2021) 93:50-8. doi: 10.1016/j.clinbiochem.2021.04.004

34. Sumida T, Naito AT, Nomura S, Nakagawa A, Higo T, Hashimoto A, et al.
Complement Clg-induced activation of PB-catenin signalling causes hypertensive
arterial remodelling. Nat Commun. (2015) 6:6241. doi: 10.1038/ncomms7241

35. Ogawa T, Shichino S, Ueha S, Ogawa S, Matsushima K. Complement protein
Clq activates lung fibroblasts and exacerbates silica-induced pulmonary fibrosis in
mice. Biochem Biophys Res Commun. (2022) 603:88-93. doi: 10.1016/j.bbrc.2022.02.
090

36. Zhang K, Han K, Liu H, Zheng C. Circulating complement Clq as a novel
biomarker is associated with the occurrence and development of COPD. Int
] Chron Obstruct Pulmon Dis. (2022) 17:395-404. doi: 10.2147/COPD.S347607

37. Benoit ME, Tenner AJ. Complement protein Clq-mediated neuroprotection is
correlated with regulation of neuronal gene and microRNA expression. ] Neurosci.
(2011) 31(9):3459-69. doi: 10.1523/J]NEUROSCI.3932-10.2011

38. Bulla R, Tripodo C, Rami D, Ling GS, Agostinis C, Guarnotta C, et al. Clq acts
in the tumour microenvironment as a cancer-promoting factor independently of
complement activation. Nat Commun. (2016) 7:10346. doi: 10.1038/ncomms10346

39. Ye ], Yang P, Yang Y, Xia S. Complement Cls as a diagnostic marker and
therapeutic target: progress and propective. Front Immunol. (2022) 13:1015128.
doi: 10.3389/fimmu.2022.1015128

40. Peerschke EI, Reid KB, Ghebrehiwet B. Platelet activation by C1q results in the
induction of alpha IIb/beta 3 integrins (GPIIb-IIla) and the expression of P-selectin
and procoagulant activity. J Exp Med. (1993) 178(2):579-87. doi: 10.1084/jem.178.2.579

41. Kélm R, Schaller M, Roumenina LT, Niemiec I, Kremer Hovinga JA, Khanicheh
E, et al. Von Willebrand factor interacts with surface-bound Clq and induces platelet
rolling. J Immunol. (2016) 197(9):3669-79. doi: 10.4049/jimmunol.1501876

42. Donat C, Kolm R, Csorba K, Tuncer E, Tsakiris DA, Trendelenburg M.
Complement Clq enhances primary hemostasis. Front Immunol. (2020) 11:1522.
doi: 10.3389/immu.2020.01522

43. Peerschke EIB, Jesty ], Reid KBM, Ghebrehiwet B. The soluble recombinant form
of a binding protein/receptor for the globular domain of C1q (gC1qR) enhances blood
coagulation. Blood Coagul Fibrinolysis. (1998) 9(1):29-38. doi: 10.1097/00001721-
199801000-00004

44. Peerschke EI, Reid KB, Ghebrehiwet B. Identification of a novel 33-kDa Clq-
binding site on human blood platelets. J Immunol. (1994) 152(12):5896-901.
doi: 10.4049/jimmunol.152.12.5896

45. Davis DR, Wilson K, Sam MJ, Kennedy SE, Mackman N, Charlesworth JA, et al.
The development of cardiac fibrosis in low tissue factor mice is gender-dependent and
is associated with differential regulation of urokinase plasminogen activator. ] Mol Cell
Cardiol. (2007) 42(3):559-71. doi: 10.1016/j.yjmcc.2006.11.017

frontiersin.org


https://doi.org/10.3389/fcvm.2021.618173
https://doi.org/10.14336/AD.2019.0119
https://doi.org/10.14336/AD.2019.0119
https://doi.org/10.1186/s12872-022-02807-2
https://doi.org/10.1016/j.molimm.2020.02.012
https://doi.org/10.4049/jimmunol.166.5.3231
https://doi.org/10.1016/j.imbio.2015.05.001
https://doi.org/10.1078/0171-2985-00138
https://doi.org/10.1111/j.1538-7836.2010.04172.x
https://doi.org/10.1161/CIRCULATIONAHA.110.981365
https://doi.org/10.1016/j.molimm.2009.04.028
https://doi.org/10.1016/0006-291x(82)91536-4
https://doi.org/10.1016/j.imlet.2010.03.012
https://doi.org/10.1038/ng0598-56
https://doi.org/10.1161/CIR.0000000000000040
https://doi.org/10.1155/2020/8873152
https://doi.org/10.1016/j.molimm.2004.03.018
https://doi.org/10.1016/j.molimm.2016.11.003
https://doi.org/10.1016/j.molimm.2016.11.003
https://doi.org/10.1172/jci.insight.124317
https://doi.org/10.1016/j.amjcard.2009.10.019
https://doi.org/10.1016/j.ijcard.2006.09.015
https://doi.org/10.1016/j.ijcard.2005.05.021
https://doi.org/10.1016/j.cell.2012.03.047
https://doi.org/10.1016/j.hrthm.2016.06.036
https://doi.org/10.1097/HCO.0b013e32834dc3bc
https://doi.org/10.1016/j.jjcc.2009.11.002
https://doi.org/10.1161/CIRCEP.107.748780
https://doi.org/10.3389/fendo.2020.586440
https://doi.org/10.1053/j.gastro.2010.04.041
https://doi.org/10.1053/j.gastro.2010.04.041
https://doi.org/10.1016/j.clinbiochem.2021.04.004
https://doi.org/10.1038/ncomms7241
https://doi.org/10.1016/j.bbrc.2022.02.090
https://doi.org/10.1016/j.bbrc.2022.02.090
https://doi.org/10.2147/COPD.S347607
https://doi.org/10.1523/JNEUROSCI.3932-10.2011
https://doi.org/10.1038/ncomms10346
https://doi.org/10.3389/fimmu.2022.1015128
https://doi.org/10.1084/jem.178.2.579
https://doi.org/10.4049/jimmunol.1501876
https://doi.org/10.3389/fimmu.2020.01522
https://doi.org/10.1097/00001721-199801000-00004
https://doi.org/10.1097/00001721-199801000-00004
https://doi.org/10.4049/jimmunol.152.12.5896
https://doi.org/10.1016/j.yjmcc.2006.11.017
https://doi.org/10.3389/fcvm.2025.1512187
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

	The role of complement C1q in atrial fibrillation: a marker for disease progression and surgical outcomes
	Introduction
	Subjects and methods
	Subjects
	Methods
	Echocardiography
	AF assessment
	Pulmonary vein isolation procedure
	Statistical analysis
	Ethics statement

	Results
	Clinical characteristics
	Atrial fibrillation
	Complex fractionated atrial electrograms(CFAE) in the superior wall of the left atrium
	Complement C1q

	Discuss
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Generative AI statement
	Publisher's note
	References


