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Predictive value of remnant-like
particle cholesterol in the
prediction of long-term AF
recurrence after radiofrequency
catheter ablation
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Qianwen Huang1, Tingpei Zhuang1, Sihan Hong1 and Meng Bai1

1Department of Cardiology, First Hospital of Quanzhou Affiliated to Fujian Medical University, Quanzhou,
China, 2Department of General Practice, First Hospital of Putian City, Putian, China

Objective: The relationship between remnant-like particle cholesterol (RLP-C)
levels and the progression of atrial fibrillation (AF) is not known. This research
aimed to explore the association of RLP-C with long-term AF recurrence events
post-radiofrequency catheter ablation (RFCA) of AF.
Methods: In total 320 patients with AF who were subjected to the first RFCA were
included in this research. Baseline information and laboratory data of patients were
retrospectively collected, and a 1-year follow-up was completed. The follow-up
endpoint was defined as an AF recurrence event occurring after 3 months.
Afterward, a multivariate Cox regression model was constructed to analyze the
risk factors that affect AF recurrence.
Results: AF recurrence occurred in 103 patients (32.2%) within 3–12 months after
RFCA. Based on the multivariate Cox regression analysis, Early recurrence (ER)
[hazard ratio (HR) =1.57, 95% confidence interval (CI): 1.04–2.36, P= 0.032)],
coronary artery disease (CAD) (HR = 2.03, 95% CI: 1.22–3.38, P= 0.006), left
atrium anterior-posterior diameter (LAD) (HR = 1.07, 95% CI: 1.03–1.10,
P < 0.001), triglyceride (TG) (HR = 1.51, 95% CI: 1.16–1.96, P=0.002), low-density
lipoprotein cholesterol (LDL-C) (HR = 0.74, 95% CI: 0.55–0.98, P= 0.036), and
RLP-C (HR = 0.75 per 0.1 mmol/L increase, 95% CI: 0.68–0.83, P < 0.001) were
linked to the risk of AF recurrence. Among them, the relationship between RLP-
C and AF recurrence was found for the first time. The predictive value of RLP-C
for AF recurrence was analyzed utilizing receiver operating characteristic (ROC)
curves [area under the curve (AUC) = 0.81, 95% CI: 0.77–0.86, P < 0.001].
Subsequently, the optimal threshold value of RLP-C was determined to be
0.645 mmol/L with a sensitivity of 87.4% and a specificity of 63.6% based on the
Youden index. Additionally, Kaplan–Meier analysis indicated a lower AF
recurrence rate in the >0.645 mmol/L group than in the ≤0.645 mmol/L group
(Log-rank P < 0.001).
Conclusion: Low levels of RLP-C are associated with a higher risk of AF recurrence
post-RFCA, suggesting that RLP-C may be a biomarker that helps to identify long-
term AF recurrence.
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1. Introduction

Atrial fibrillation (AF), a prevalent tachyarrhythmia, continues

to result in hospitalization or death from serious complications in

approximately 35%–50% of AF patients within 5 years, even with

the current guideline approach to disease management (1).

Radiofrequency catheter ablation (RFCA), based on the

circumferential pulmonary vein isolation technique, has been

recommended by AF management guidelines (2) as the first-line

treatment for radical treatment of AF. However, postoperative

recurrent events pose a burden to patients and clinicians. The

long-term AF recurrence post-RFCA rate can reach 30%–50% (3,

4). Individuals with persistent AF have a higher degree of atrial

fibrosis. Despite the availability of modified stroma-based

ablation techniques, the AF recurrence post-RFCA rate remains

high. A recent investigation found a postoperative recurrence rate

of 35.2% in persistent AF with the “2C3l” procedure (5).

Therefore, the identification of risk factors affecting prognosis

and active intervention is important to enhance the outcome of

RFCA and decrease the incidence of AF recurrence.

As research continues, some progress has been made in

addressing potential risk factors for the occurrence and AF

recurrence (6–8). Individuals with combined coronary artery disease

(CAD) have a higher incidence of AF (9, 10) by various

mechanisms, including inflammation, atrial stretch, atrial ischemia,

and autonomic and hormonal activation. TC and LDL-C, as risk

factors for CAD (11), should theoretically be positively associated

with the onset and progression of AF. However, the existing studies

do not support this view. The levels of cholesterols, including TC

and LDL-C, were negatively linked to the long-term AF recurrence

rate post-RFCA (12, 13). Evidence from several well-designed

studies (14–16) confirms that high levels of TC, LDL-C, and

VLDL-C are protective factors for new-onset AF. The paradoxical

inverse relationship between the above cholesterol levels and AF is

known as the cholesterol paradox phenomenon (9). In addition, the

same consistent results were observed in studies correlating HDL-C

with the occurrence of AF recurrence (17, 18).

Remnant-like particle cholesterol (RLP-C), another important

member of the cholesterol family, is of great interest as an

independent risk factor for atherosclerotic cardiovascular disease

(ASCVD) (11, 19). Even in individuals with normal LDL-C, RLP-C

remains a key causative factor in the development of ASCVD events

(19–21). As a crucial cholesterol indicator, its association with long-

term AF recurrence post-RFCA, like other family members, is not

known. Hence, this research sought to examine the correlation

between RLP-C and long-term AF recurrence post-RFCA and its

predictive value., thereby further clarifying the relationship between

cholesterol levels and long-term AF recurrence post-RFCA.
2. Material and methods

2.1. Research subjects

In total, 364 individuals were selected for this retrospective

cohort study as per corresponding diagnostic criteria and were
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diagnosed as AF at the First Hospital of Quanzhou Affiliated

to Fujian Medical University, between January 2019 and June

2022. In addition, all individuals met the following inclusion

criteria: (a) All of these individuals met the guideline-

recommended indications for RFCA (2). (b) All individuals

underwent RFCA for the first time and were successfully

converted to sinus rhythm by ablation. (c) These patients

underwent preoperative collection of basic information as well

as electrocardiography, echocardiography, and laboratory tests.

Patients with incomplete baseline information, unavailable

follow-up information, and taking oral lipid-lowering drugs

before the collection of fasting blood specimens were not

included in this research. Ultimately, 320 individuals were

selected for follow-up analysis. This research was approved by

the Ethics Review Committee of First Hospital of Quanzhou

Affiliated to Fujian Medical University (approval No.:

2023K031). The study was retrospective in design and

therefore exempted from informed consent. Additionally, all

procedures in this research were executed according to the

Declaration of Helsinki and all relevant guidelines and

regulations.
2.2. Baseline information

Baseline characteristics of individuals comprising age, gender,

histories of alcohol abuse and smoking, body mass index (BMI),

type of AF, and histories of hypertension, diabetes mellitus,

coronary artery disease, and hyperthyroidism were collected at

the time of admission.
2.3. Blood lipid level measurement

Fasting blood samples were acquired from individuals early

in the morning before ablation on the second day after their

admission to the hospital. A set of biochemical markers,

encompassing total cholesterol (TC), low-density lipoprotein

cholesterol (LDL-C), very low-density lipoprotein cholesterol

(VLDL-C), high-density lipoprotein cholesterol (HDL-C), and

triglycerides (TG) were assessed. There is no consensus on the

measurement of RLP-C because RLP is difficult to separate

from its precursors. The available methods include the formula

and direct measurement techniques (including direct

automated analysis, immunoseparation, ultracentrifugation,

etc.) (22). The direct measurement technique has not been

recommended in clinical practice due to high equipment

requirements, operational difficulties, and high costs. In

contrast, the formula technique has gained widespread

applications in clinical studies due to its convenience, rapidity,

and economical efficiency (19–21). The RLP-C derived by the

formula technique can accurately reflect the actual

measurement level of RLP-C (23). Therefore, the formula

technique was used for RLP-C measurement in this research:

RLP-C = TC-(LDL-C + HDL-C).
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2.4. Cardiac ultrasound indicators

Transthoracic echocardiography was performed by an

experienced sonographer and recorded with a nationally

approved diagnostic echocardiography system (Philips IE Elite,

Philips Ultrasound, Inc., Bothell, WA, USA) with a probe

frequency of 2.0–4.0 MHz. Specifically, the individual was placed

in a left lateral position to fully expose the thorax. Subsequently,

cardiac ultrasound data were collected in parasternal short and

long-axis views, as well as apical four-chamber and two-chamber

views in sequence. The left atrium anterior-posterior diameter

(LAD) was measured at the end of the left ventricular systole.

Finally, the left ventricular ejection fraction (LVEF) was

measured using a dual-plane method.
2.5. RFCA

Three-dimensional reconstruction of the left atrium and

bilateral pulmonary ostium venosum sites was performed with

the aid of an electroanatomical landmarking system (Carto3,

Biosense Webster, Diamond Bar, CA, USA). Circumferential

pulmonary vein ablation (CPVA) was performed in individuals

with paroxysmal AF utilizing an adjustable curved

radiofrequency ablation catheter (Thermcool ST, Biosense

Webster, Diamond Bar, CA, USA) (target temperature 43°C,

maximum power 45W). Individuals with persistent AF

underwent CPVA combined with top-line as well as bottom-

line ablation of the left atrium. Additionally, other linear

ablations, such as mitral isthmus addition, tricuspid isthmus

addition, and linear ablation of the upferior vena cava were

added at the discretion of the operator, depending on whether

atrial arrhythmias were induced. Details of the CPVA

procedure have been illustrated in an expert consensus

statement (24). The endpoint of successful ablation is defined

as the completion of the circumferential ablation trail of the

pulmonary veins, as well as other additional ablation lines

while achieving a bidirectional conduction block on both sides

of the ablation line.
2.6. Postoperative follow-up

The 1-year follow-up data of individuals with AF after surgery

were recorded, in which 3-month recurrence was defined as the

endpoint for follow-up. The initial follow-up visit was

scheduled on day 7 after discharge. Subsequent follow-up visits

were then recommended every 3 months thereafter. All

individuals were recommended to undergo immediate

reexamination if they developed symptoms similar to AF.

Patients who were not followed up promptly were contacted by

telephone to record the onset of arrhythmia symptoms

including palpitations, chest distress, and fatigue, and were

instructed to seek prompt medical care. A long-term AF

recurrence was defined as the presence of atrial tachyarrhythmia
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that last for more than 30 s (recorded by ECG or 24-h-Holter)

after 3 months of ablation. In our practice, in order to improve

the detection rate of atrial tachyarrhythmia, we routinely carry

out 12-lead ECG on patients undergoing review, and further

24-h-Holter are performed on patients in whom atrial

tachyarrhythmia is not recorded. A recurrence within 3 months

is referred to as a blanket recurrence or early recurrence (ER).

In the past, AF recurrence within 3 months was considered to

be a recurrence without clinical significance, and it was thought

that ER was associated with inflammation and edema of tissues

and cells after RFCA. However, recent research evidence

suggests a higher risk of long-term recurrence among patients

with early recurrence (3). Therefore, it was used as an

important covariate in the follow-up analysis. Postoperative

antiarrhythmic drug (AAD) administration and anticoagulation

were maintained for at least 3 months. After 3 months, AADs

were discontinued in the absence of atrial tachyarrhythmia

recurrence. Furthermore, anticoagulants were discontinued or

reduced according to the CHA2DS2-VASc score.
2.7. Statistical analysis

The mean ± standard deviation was utilized for expressing

normally distributed data, and the t-test was employed for

comparisons in this case. Non-normally distributed data, on the

other hand, were expressed as the median and interquartile range

(IQR), and comparisons were made utilizing the Mann–Whitney

U-test in such cases. Percentages were utilized for the expression

of categorical variables, and comparative assessment was done

via the χ2 test. Univariate Cox regression analysis was conducted

to identify risk factors for long-term AF recurrence and calculate

hazard ratios (HRs) and 95% confidence intervals (95% CIs).

Independent variables with a P < 0.1, as well as lipid factors,

gender and age, were incorporated in the multivariate Cox

regression analysis. Backward partial likelihood estimation was

utilized for eliminating collinearity and constructing a

multivariate regression model. The link between RLP-C levels

and AF recurrence was analyzed using these models, followed by

the calculation of HRs and 95% CIs. To evaluate the robustness

of the findings, subgroup analyses were conducted for gender,

ER, and type of AF, and forest plots were generated. ROC curves

were plotted to determine the predictive value of RLP-C in long-

term AF recurrence after RFCA and calculate the sensitivity and

specificity. Moreover, the Youden index was employed to

evaluate the optimal cut-off point. The study subjects were then

categorized into two groups: the high RLP-C level group and the

low RLP-C level group, as per the aforementioned cut-off point.

Kaplan–Meier curves were then generated. Subsequently, the log-

rank test was performed to assess any significant variation

between both groups. All the analyses described above were

executed utilizing SPSS 23.00 (SPSS, Inc., Chicago, IL, USA) and

GraphPad Prism 9.0.2 for Windows (GraphPad Software, San

Diego, CA, USA). A P < 0.05 denoted the statistical significance

level.
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3. Results

3.1. Inclusion, exclusion, and grouping
processes

Figure 1 illustrates that 364 individuals who satisfied the

diagnostic criteria for AF and underwent their first RFCA

procedure between January 2019 and June 2022, were initially

enrolled in the research. Subsequently, 44 individuals were

excluded, including 20 individuals taking lipid-lowering drugs

before blood specimen collection, 16 individuals with no follow-up

information, and 8 individuals whose lipid levels were not

measured before the procedure. As per the inclusion and exclusion

criteria, 320 individuals were selected. Among them, 103 individuals

were classified into the recurrence group, while 217 individuals

were categorized into the non-recurrence group. Recurrence herein

was defined as long-term recurrence occurring after 3 months.
3.2. Baseline data of individuals in the
recurrence and non-recurrence groups

During the 12-month follow-up, 103 individuals experienced

recurrence. As presented in Table 1, the recurrence group was

older (65.0 vs. 62.0; P = 0.046) and showed a greater proportion

of ER (37.9% vs. 14.3%; P < 0.001) in comparison to the non-

recurrence group. The recurrence group had a greater proportion

of diabetes mellitus (30.0% vs. 20.7%; P < 0.001) and CAD

(18.9% vs. 6.9%; P < 0.001) and longer LAD (43.0 vs. 37.0;

P < 0.001). However, the proportion of paroxysmal AF was

reduced in the recurrence group in comparison to that in the

non-recurrence group (47.6% vs. 74.7%; P < 0.001). In addition,

the levels of TC (3.9 vs. 5.1; P < 0.001), LDL-C (2.4 vs. 3.1;

P < 0.001), HDL-C (1.0 vs. 1.1; P < 0.001), and RLP-C (0.4 vs.

0.7; P < 0.001) were decreased in the recurrence group in
FIGURE 1

Selection process of research subjects.
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comparison to the non-recurrence group. Moreover, no

statistically significant variations in age, gender, BMI, smoking,

alcohol abuse, hypertension, hyperthyroidism, LVEF, and TG

were noted across the two groups in this research (P > 0.05).
3.3. Predictors of long-term AF recurrence

As presented in Table 2, in the univariate Cox regression

analysis, statistically significant predictors for AF recurrence

included paroxysmal AF (HR = 0.41, 95% CI: 0.28–0.60,

P < 0.001), ER (HR = 2.58, 95% CI: 1.72–3.83, P < 0.001), CAD

(HR = 2.46, 95% CI: 1.49–4.05, P < 0.001), LAD (HR = 1.11, 95%

CI: 1.08–1.14, P < 0.001), LVEF (HR = 0.98, 95% CI: 0.96–0.99,

P = 0.007), TC (HR = 0.93, 95% CI: 0.91–0.95, P < 0.001), TG

(HR = 1.34, 95% CI: 1.01–1.79, P = 0.049), LDL-C (HR = 0.43,

95% CI: 0.33–0.56, P < 0.001), and every 0.1 mmol/L rise in

HDL-C (HR = 0.88, 95% CI: 0.80–0.93, P < 0.001) and RLP-C

(HR = 0.69, 95% CI: 0.64–0.76, P < 0.001).

The variables with P < 0.1 in the above univariate Cox

regression analysis and gender underwent a multivariate Cox

regression model and were analyzed by employing a backward

stepwise screening technique. The statistically significant

independent predictors in the final analysis included ER (HR =

1.57, 95% CI: 1.04–2.36, P = 0.032), CAD (HR = 2.03, 95% CI:

1.22–3.38, P = 0.006), LAD (HR = 1.07, 95% CI: 1.03–1.10, P <

0.001), TG (HR = 1.51, 95% CI: 1.16–1.96, P = 0.002), LDL-C

(HR = 0.74, 95% CI: 0.55–0.98, P = 0.036) and every 0.1 mmol/L

rise in RLP-C (HR = 0.75, 95% CI: 0.68–0.83, P < 0.001).
3.4. Subgroup analysis of RLP-C

To assess the stability of the results, validation was performed

in three subgroups. As presented in Figure 2, RLP-C exhibited an
frontiersin.org
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TABLE 1 Comparison of baseline information between the two groups of patients.

Baseline characteristics All Recurrent group Non-recurrent group P-Value

N = 320 N = 103 N = 217
Age, median (IQR), y 63.0 (56.0, 69.0) 65.0 (58.0, 70.0) 62.0 (55.0, 68.0) 0.046

Female, n (%) 132 (41.3%) 40 (38.9%) 92 (42.4%) 0.545

BMI, mean ± SD, kg/m2 25.0 ± 3.2 25.5 ± 3.5 24.7 ± 3.1 0.056

Smoking, n (%) 65 (20.3%) 16 (15.5%) 49 (22.6%) 0.143

Alcohol abuse, n (%) 22 (6.9%) 7 (6.8%) 15 (6.9%) 0.969

Paroxysmal AF, n (%) 211 (65.9%) 49 (47.6%) 162 (74.7%) <0.001

ER, n (%) 70 (21.9%) 39 (37.9%) 31 (14.3%) <0.001

Previous history
Hypertension, n (%) 165 (51.6%) 56 (54.4%) 99 (45.6%) 0.144

Diabetes, n (%) 76 (23.8%) 31 (30.0%) 45 (20.7%) 0.066

Hyperthyroidism, n (%) 15 (4.7%) 5 (4.8%) 10 (4.6%) 0.922

CAD, n (%) 34 (10.6%) 19 (18.4%) 15 (6.9%) 0.002

Cardiac function
LAD, median (IQR), mm 38.0 (35.0, 44.0) 43.0 (38.0, 46.0) 37.0 (34.0, 41.0) <0.001

LVEF, median (IQR), % 63.0 (60.0, 67.0) 62.0 (57.0, 68.0) 63.0 (60.0, 67.0) 0.401

Lipid level
TC, median (IQR), mmol/L 4.7 (3.9, 5.6) 3.9 (3.2, 4.5) 5.1 (4.4, 5.8) <0.001

TG, median (IQR), mmol/L 1.3 (0.9, 1.8) 1.3 (0.8, 2.0) 1.2 (1.0, 1.7) 0.402

LDL-C, median (IQR), mmol/L 2.9 (2.3, 3.5) 2.4 (1.9, 3.0) 3.1 (2.6, 3.8) <0.001

HDL-C, median (IQR), mmol/L 1.1 (0.9, 1.3) 1.0 (0.8, 1.2) 1.1 (1.0, 1.4) <0.001

RLP-C, median (IQR), mmol/L 0.6 (0.4, 0.8) 0.4 (0.3, 0.6) 0.7 (0.5, 0.9) <0.001

BMI, body mass index; ER, early recurrence; Paroxysmal AF, paroxysmal atrial fibrillation; CAD, coronary artery disease; LAD, left atrium diameter; LVEF, left ventricular

ejection fraction; TC, total cholesterol; TG, triglyceride; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; RLP-C, remnant-like

particle cholesterol.

TABLE 2 Factors influencing the long-term AF recurrence.

Variables Univariate Mulitvariate†

HR 95% CI P-Value HR 95% CI P-Value
Age (y) 1.02 0.99–1.04 0.088 1.01 0.98–1.02 0.957

Female, n (%) 1.14 0.77–1.70 0.517 1.11 0.73–1.67 0.628

BMI (kg/m2) 1.05 0.99–1.11 0.080 0.99 0.94–1.05 0.822

Smoking, n (%) 0.69 0.40–1.17 0.170

Alcohol abuse, n (%) 1.03 0.48–2.22 0.939

Paroxysmal AF, n (%) 0.41 0.28–0.60 <0.001 1.04 0.65–1.68 0.865

ER, n (%) 2.58 1.72–3.83 <0.001 1.57 1.04–2.36 0.032

Hypertension, n (%) 1.32 0.89–1.94 0.165

Diabetes, n (%) 1.52 0.99–2.32 0.051 1.03 0.66–1.61 0.902

Hyperthyroidism, n (%) 1.05 0.43–2.57 0.919

CAD, n (%) 2.46 1.49–4.05 <0.001 2.03 1.22–3.38 0.006

LAD (mm) 1.11 1.08–1.14 <0.001 1.07 1.03–1.10 <0.001

LVEF (%) 0.98 0.96–0.99 0.007 1.00 0.98–1.02 0.968

TC (mmol/L) 0.93 0.91–0.95 <0.001 1.01 0.88–1.16 0.910

TG (mmol/L) 1.34 1.01–1.79 0.049 1.51 1.16–1.96 0.002

LDL-C (mmol/L) 0.43 0.33–0.56 <0.001 0.74 0.55–0.98 0.036

HDL-C (mmol/L) 0.88 0.80–0.93 <0.001 0.97 0.89–1.05 0.437

Per 0.1 mmol/L

RLP-C (mmol/L) 0.69 0.64–0.76 <0.001 0.75 0.68–0.83 <0.001

Per 0.1 mmol/L

†Multivariate regression model: adjusted for age, gender, BMI, diabetes, atrial fibrillation types, ER, CAD, LAD, LVEF, TC, TG, LDL-C, HDL-C, RLP-C.

Wu et al. 10.3389/fcvm.2023.1258125
inverse relation with AF recurrence post-RFCA in all subgroups

in terms of male (HR = 0.69, 95% CI: 0.62–0.78, P < 0.001),

female (HR = 0.70, 95% CI: 0.61–0.79, P < 0.001), ER

(HR = 0.77, 95% CI: 0.67–0.88, P < 0.001), non-ER (HR = 0.68
Frontiers in Cardiovascular Medicine 05
95% CI: 0.61–0.76, P < 0.001), paroxysmal AF (HR = 0.67, 95%

CI: 0.59–0.76, P < 0.001), and persistent AF (HR = 0.75, 95%

CI: 0.67–0.84, P < 0.001). In addition, no considerable

variations were observed at the respective subgroup levels of
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FIGURE 2

Subgroup analysis of RLP-C as a predictor of long-term AF recurrence.

Wu et al. 10.3389/fcvm.2023.1258125
sex, presence of ER, and AF type, with P-values for the

interaction of 0.467, 0.144, and 0.129, respectively.
3.5. ROC curve of RLP-C

ROC analysis was executed to further assess the predictive

value of RLP-C for AF recurrence. As presented in Figure 3, the

area under the curve (AUC) value of RLP-C was 0.81 (95% CI:

0.77–0.86, P < 0.001), with the maximum Youden index of 0.51,

the optimal threshold value of RLP-C of 0.645 mmol/L,

sensitivity of 87.4%, and specificity of 63.6%.
FIGURE 4

Kaplan–Meier cumulative AF-free curves for long-term AF recurrence
events at different RLP-C levels.
3.6. Survival analysis

The 320 patients were regrouped into two groups

(≤0.645 mmol/L group and >0.645 mmol/L group) according to

the optimal RLP-C threshold value of 0.645 mmol/L, and

Kaplan–Meier survival curves were plotted (Figure 4). A total of

103 patients (32.2%) experienced recurrence during the follow-up

period. Of these, 90 (53.3%) recurrences occurred at the end of

follow-up in the ≤0.645 mmol/L group and 13 (8.6%) occurred

in the >0.645 mmol/L group. According to the Log-rank test, the

AF recurrence rate was reduced in the >0.645 mmol/L group

than in the ≤0.645 mmol/L group (Log-rank P < 0.001). After
FIGURE 3

ROC curves for RLP-C predicting long-term AF recurrence.
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adjusting for ER, CAD, LAD and LDL-C, multivariate Cox

regression analysis showed that lower recurrence rates of AF in

the high RLP-C level (>0.645 mmol/L) group compared with

≤0.645 mmol/L group (HR = 0.21, 95% CI: 0.11–0.39, P < 0.001).
4. Discussion

This research reported the factors affecting the long-term

recurrence after AF. The roles of ER, CAD, LAD, and LDL-C

were in line with the findings of studies conducted in the past

(6–8). To our knowledge, this is the pioneering research to

illustrate a negative association of RLP-C with long-term AF

recurrence. Even after accounting for potential confounding

factors, this relationship remained statistically significant.

Furthermore, consistent findings were observed across subgroup

analyses Further analysis revealed a good predictive value of

RLP-C in terms of long-term AF recurrence postoperatively.

However, higher-quality prospective studies are still needed for

validation.
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The complex pathogenesis of AF mainly involves atrial

remodeling, oxidative stress, and inflammatory response (25).

Current studies have classified the influencing factors involved in

these mechanisms into modifiable and non-modifiable factors.

Cholesterol, as one of the common modifiable factors, is involved

in normal physiological functions and can be involved in the

development of several diseases through abnormal accumulation.

The correlation between cholesterol and AF was discovered as

early as 1997 by Psaty et al. (26). They found that higher

cholesterol levels were linked to a reduced risk of new-onset AF.

After a similar finding, Annour et al. (27) proposed the

“cholesterol paradox phenomenon”. Since then, this phenomenon

has been confirmed in many primary and secondary studies (12–

17). The inverse relationship between LDL-C and RLP-C and AF

recurrence post-RFCA in the present study also supports this

phenomenon.

Rhythm control, especially early rhythm control, can be more

beneficial for AF patients (28). In terms of rhythm control, the

application of RFCA for AF is more advantageous compared to

the treatment of AADs (29). Despite the continuous advances in

ablation strategies, recurrent events are still unavoidable. In

recent years, a well-designed prospective cohort study (12) found

for the first time an independent association between LDL-C and

AF recurrence post-RFCA (HR = 0.61, 95% CI: 0.44–0.87, P =

0.005), which aligns with the outcomes of the current

investigation. The above research also found a negative

association between TC and AF recurrence (HR = 0.59, 95% CI:

0.43–0.81, P = 0.001). Unlike the aforementioned studies, the

current investigation discovered that TC was not related to AF

recurrence post-RFCA after controlling for confounding factors,

including RLP-C. This difference may be related to RLP-C. The

correlation between HDL-C and AF recurrence was not found by

the research team and was in line with the outcomes of Shang Y

et al. (3) and Li ZZ et al. (13). Furthermore, Canpolat et al. (30)

performed cryoballoon ablation in 402 individuals with AF with

a mean follow-up of 20.6 months and found that levels of HDL-

C were considerably reduced in the recurrence group in

comparison to the non-recurrence group (0. 93 mmol/L vs.

1.14 mmol/L, P < 0.001). The reasons behind the controversy are

unclear and need to be explored in depth by high-quality studies.

Statins can reduce AF recurrence by improving atrial

remodeling and anti-inflammatory effects while lowering

cholesterol levels (31). In contrast, in a double-blind randomized

controlled study (32), 125 individuals with AF to be treated with

RFCA were assigned randomly to the atorvastatin (80 mg/day)

and the placebo categories and received oral drug therapy from

postoperative day 1 until 3 months postoperatively. The

difference in AF recurrence rates across the atorvastatin and

placebo categories was not statistically significant (5% vs. 6.5%, P

= 0.37). A similar inference was obtained from a meta-analysis

involving nine studies (33). Thus, the role of statins in

preventing AF recurrence was not recognized, suggesting a non-

benefit of cholesterol reduction on AF recurrence, indirectly

proving our point. The use of statins in the perioperative period

in patients with AF during clinical practice deserves careful

consideration.
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RLP is a relatively apoE-rich lipoprotein particle formed after

triglyceride-rich lipoproteins (TGRLs) are metabolized by

lipoprotein esterase (LPL) (34). RLP is free from oxidation.

Therefore, it is often taken up by macrophages and smooth

muscle cells before LDL to initiate the inflammatory response.

The cholesterol component of RLP is known as RLP-C (22).

Many high-quality studies have confirmed RLP-C as a residual

risk factor for ASCVD (19–21). The association between RLP-C

and postoperative recurrence of AF was first elaborated in this

research. Previously, the association between the two was not

clear. This negative association persisted after controlling for

confounding factors including other cholesterol components, for

each 0.1 mmol/L rise in RLP-C (HR = 0.75, 95% CI: 0.68–0.83, P

< 0.001). However, the mechanism underlying the link between

the two is unclear. Differences in lipid levels exist between

genders (35). Therefore, in order to evaluate the relationship

between RLP-C and AF recurrence in different genders, we

performed a subgroup analysis. The results showed that the

inverse relationship was consistent in both male and female, and

the extent of the association was not statistically different

between the sexes. In addition, the impact of AF type and ER on

the findings was further analyzed, and no meaningful results

were observed.

Studies on the mechanisms between cholesterol and AF are still

limited. To date, the mechanisms of the two include the following:

(a) Cholesterol affects cardiac cell membrane stability by

influencing ion channels and the sensitivity of volume-regulated

anion currents to osmotic gradients (36). Low levels of

cholesterol reduce cell membrane stability thereby promoting the

formation of arrhythmogenic potentials. (b) The link between

cholesterol levels and AF may also be related to inflammation

(37). During inflammation, levels of TC, LDL-C, and HDL-C

levels are reduced while that of TG are increased (38). Current

research illustrated a positive association of TG with AF

recurrence after controlling for confounding factors (HR = 1.51,

95% CI: 1.16–1.96, P = 0.002). Hence, reduced cholesterol levels

as well as elevated or reactive TG levels may act as potential

inflammatory processes leading to the development of AF. (c)

Lipoprotein particle subtypes of different sizes may be the

driving force for the negative association of cholesterol with AF

(39). Past studies have found smaller lipoprotein particles, higher

levels of oxidation, glycosylation, and TG, and reduced

cholesterol levels in individuals with AF (40, 41). (4) Individuals

with a history of hyperthyroidism have a considerably greater

number of PV ectopic foci and an increased rate of AF

recurrence following a single procedure (42). Additionally,

hyperthyroidism can lower cholesterol levels, ultimately leading

to the cholesterol paradox phenomenon. However, an association

between hyperthyroidism and AF recurrence was not observed in

this research (HR = 1.05, 95% CI: 0.43–2.57, P = 0.919).

Whether the above mechanisms can fully explain the

relationship between RLP-C and AF recurrence post-RFCA

requires further investigation. Notably, RLP-C was noted to have

a predictive value for AF recurrence post-RFCA (AUC = 0.81,

95% CI: 0.77–0.86, P < 0.001). The utilization of this indicator

can assist in promptly identifying individuals at high risk for
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recurrence, enabling clinicians to implement appropriate measures

and implement closer cardiac monitoring to minimize recurrence.

The optimal threshold for RLP-C according to the Youden index

analysis is 0.645 mmol/L. It is essential to exercise caution when

extrapolating the conclusions of this research due to the

exclusion of individuals who were taking oral lipid-lowering

drugs. Future investigations should focus on determining

effective strategies for managing cholesterol levels in individuals

with endogenous hypocholesterolemic AF and those with AF

combined with CAD to reduce the risk of postoperative recurrence.
5. Limitations

The retrospective design of this research resulted in

uncontrolled biased information. Therefore, only a correlation

between RLP-C and AF recurrence after surgery can be

indicated, and the causal relationship cannot be elucidated.

Additionally, the sample size of this research was relatively small,

which may have an impact on the statistical power and efficacy

of the tests conducted. Moreover, this study only measured

baseline lipid levels before ablation, whereas the lipid levels

during follow-up and at the time of recurrence are unknown.

Thus, the association between changes in lipid levels and AF

recurrence post-RFCA could not be clarified. In this study, the

error between RLP-C and true levels was measured by the

formula method. The diagnosis of AF recurrence relied on the

assessment of symptoms and electrocardiographic findings.

Symptoms play a dominant role in prompting people to seek

medical care. Consequently, the recurrence of asymptomatic

individuals is not available in the first place, which may lead to

errors in follow-up information.
6. Conclusion

To conclude, this research represents the first identification of

an inverse relationship between RLP-C and long-term AF

recurrence following RFCA. These findings align with the

cholesterol paradox phenomenon. Moreover, RLP-C was found

to have a promising predictive value for AF recurrence post-

RFCA events, indicating its potential utility in the context of

individualized medicine. However, it is important to acknowledge

that the retrospective design of this research introduces inherent

limitations. Therefore, future studies with higher methodological

quality need to be conducted to further investigate the

relationship between RLP-C and AF recurrence. These studies

should aim to elucidate the precise mechanisms underlying this

relationship.
Data availability statement

The raw data supporting the conclusions of this article will be

made available by the authors, without undue reservation.
Frontiers in Cardiovascular Medicine 08
Ethics statement

The studies involving humans were approved by Ethics Review

Committee of First Hospital of Quanzhou Affiliated to Fujian

Medical University (approval No.: 2023K031). The studies were

conducted in accordance with the local legislation and institutional

requirements. Written informed consent for participation was not

required from the participants or the participants’ legal guardians/

next of kin because The study was retrospective in design and

therefore exempted from informed consent..
Author contributions

BW: Conceptualization, Methodology, Project administration,

Supervision, Writing – review & editing. ZL: Methodology,

Software, Visualization, Writing – original draft, Writing –

review & editing. LQ: Data curation, Investigation, Writing –

original draft, Writing – review & editing. JW: Writing – original

draft, Writing – review & editing. QH: Data curation,

Investigation, Writing – review & editing. TZ: Writing – original

draft, Writing – review & editing. SH: Data curation,

Investigation, Writing – review & editing. MB: Data curation,

Investigation, Writing – review & editing.
Funding

The author(s) declare that no financial support was received for

the research, authorship, and/or publication of this article.
Acknowledgments

The author sincerely thanks the cardiologists and nurses of the
Department of Cardiology, First Hospital of Quanzhou Affiliated to
Fujian Medical University.We thank Bullet Edits Limited for the
linguistic editing and proofreading of the manuscript.
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.
frontiersin.org

https://doi.org/10.3389/fcvm.2023.1258125
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/


Wu et al. 10.3389/fcvm.2023.1258125
1. Willems S, Borof K, Brandes A, Breithardt G, Camm AJ, Crijns H, et al. 21. Castaner O, Pinto X, Subirana I, Amor AJ, Ros E, Hernaez A, et al. Remnant
References
Systematic, early rhythm control strategy for atrial fibrillation in patients with or
without symptoms: the east-afnet 4 trial. Eur Heart J. (2022) 43(12):1219–30.
doi: 10.1093/eurheartj/ehab593

2. Hindricks G, Potpara T, Dagres N, Arbelo E, Bax JJ, Blomstrom-Lundqvist C,
et al. 2020 Esc guidelines for the diagnosis and management of atrial fibrillation
developed in collaboration with the European association for cardio-thoracic
surgery (eacts): the task force for the diagnosis and management of atrial
fibrillation of the European society of cardiology (esc) developed with the special
contribution of the European heart rhythm association (ehra) of the esc. Eur Heart
J. (2021) 42(5):373–498. doi: 10.1093/eurheartj/ehaa612

3. Zink MD, Chua W, Zeemering S, di Biase L, Antoni BL, David C, et al. Predictors
of recurrence of atrial fibrillation within the first 3 months after ablation. Europace.
(2020) 22(9):1337–44. doi: 10.1093/europace/euaa132

4. Kuck KH, Brugada J, Furnkranz A, Metzner A, Ouyang F, Chun KR, et al.
Cryoballoon or radiofrequency ablation for paroxysmal atrial fibrillation. N Engl J
Med. (2016) 374(23):2235–45. doi: 10.1056/NEJMoa1602014

5. Lai Y, Liu X, Sang C, Long D, Li M, Ge W, et al. Effectiveness of ethanol infusion
into the vein of marshall combined with a fixed anatomical ablation strategy (the
“upgraded 2c3l” approach) for catheter ablation of persistent atrial fibrillation.
J Cardiovasc Electrophysiol. (2021) 32(7):1849–56. doi: 10.1111/jce.15108

6. Elliott AD, Middeldorp ME, Van Gelder IC, Albert CM, Sanders P. Epidemiology
and modifiable risk factors for atrial fibrillation. Nat Rev Cardiol. (2023) 20(6):404–17.
doi: 10.1038/s41569-022-00820-8

7. Lizewska-Springer A, Dabrowska-Kugacka A, Lewicka E, Drelich L, Krolak T,
Raczak G. Echocardiographic predictors of atrial fibrillation recurrence after catheter
ablation: a literature review. Cardiol J. (2020) 27(6):848–56. doi: 10.5603/CJ.a2018.0067

8. Garvanski I, Simova I, Angelkov L, Matveev M. Predictors of AF recurrence in
patients after radiofrequency ablation. Eur Cardiol. (2019) 14(3):165–8. doi: 10.
15420/ecr.2019.30.2

9. Ding WY, Protty MB, Davies IG, Lip GYH. Relationship between lipoproteins,
thrombosis, and atrial fibrillation. Cardiovasc Res. (2022) 118(3):716–31. doi: 10.
1093/cvr/cvab017

10. Schmitt J, Duray G, Gersh BJ, Hohnloser SH. Atrial fibrillation in acute myocardial
infarction: a systematic review of the incidence, clinical features and prognostic
implications. Eur Heart J. (2009) 30(9):1038–45. doi: 10.1093/eurheartj/ehn579

11. Duncan MS, Vasan RS, Xanthakis V. Trajectories of blood lipid concentrations
over the adult life course and risk of cardiovascular disease and all-cause mortality:
observations from the framingham study over 35 years. J Am Heart Assoc. (2019) 8
(11):e011433. doi: 10.1161/JAHA.118.011433

12. Shang Y, Chen N, Wang Q, Zhuo C, Zhao J, Lv N, et al. Blood lipid levels and
recurrence of atrial fibrillation after radiofrequency catheter ablation: a prospective
study. J Interv Card Electrophysiol. (2020) 57(2):221–31. doi: 10.1007/s10840-019-
00543-w

13. Li ZZ, Liu T, Huang Q, Liu XX, Song YQ, Guo XY, et al. Association between
pre-radiofrequency catheter ablation Serum lipid levels and recurrence of atrial
fibrillation in 412 patients in Beijing, China: a single-center study. Med Sci Monit.
(2023) 29:e938288. doi: 10.12659/MSM.938288

14. Li X, Gao L, Wang Z, Guan B, Guan X, Wang B, et al. Lipid profile and incidence
of atrial fibrillation: a prospective cohort study in China. Clin Cardiol. (2018) 41
(3):314–20. doi: 10.1002/clc.22864

15. Krittayaphong R, Rangsin R, Thinkhamrop B, Hurst C, Rattanamongkolgul S,
Sripaiboonkij N, et al. Prevalence and associating factors of atrial fibrillation in
patients with hypertension: a nation-wide study. BMC Cardiovasc Disord. (2016) 16
(1471-2261 (Electronic)):57. doi: 10.1186/s12872-016-0232-4

16. Harrison SL, Lane DA, Banach M, Mastej M, Kasperczyk S, Jozwiak JJ, et al.
Lipid levels, atrial fibrillation and the impact of age: results from the
Lipidogram2015 study. Atherosclerosis. (2020) 312(1879-1484 (Electronic)):16–22.
doi: 10.1016/j.atherosclerosis.2020.08.026

17. Haywood LJ, Ford CE, Crow RS, Davis BR, Massie BM, Einhorn PT, et al. Atrial
fibrillation at baseline and during follow-up in allhat (antihypertensive and lipid-
lowering treatment to prevent heart attack trial). J Am Coll Cardiol. (2009) 54
(22):2023–31. doi: 10.1016/j.jacc.2009.08.020

18. Trieb M, Kornej J, Knuplez E, Hindricks G, Thiele H, Sommer P, et al. Atrial
fibrillation is associated with alterations in Hdl function, metabolism, and particle
number. Basic Res Cardiol. (2019) 114(4):27. doi: 10.1007/s00395-019-0735-0

19. Quispe R, Martin SS, Michos ED, Lamba I, Blumenthal RS, Saeed A, et al.
Remnant cholesterol predicts cardiovascular disease beyond Ldl and Apob: a primary
prevention study. Eur Heart J. (2021) 42(42):4324–32. doi: 10.1093/eurheartj/ehab432

20. Estruch R, Ros E, Salas-Salvado J, Covas MI, Corella D, Aros F, et al. Retraction
and republication: primary prevention of cardiovascular disease with a mediterranean
diet. N Engl J Med. (2013) 368:1279–90. N Engl J Med (2018) 378(25):2441–2. doi: 10.
1056/NEJMc1806491
Frontiers in Cardiovascular Medicine 09
cholesterol, not Ldl cholesterol, is associated with incident cardiovascular disease.
J Am Coll Cardiol. (2020) 76(23):2712–24. doi: 10.1016/j.jacc.2020.10.008

22. Sandesara PB, Virani SS, Fazio S, Shapiro MD. The forgotten lipids: triglycerides,
remnant cholesterol, and atherosclerotic cardiovascular disease risk. Endocr Rev.
(2019) 40(2):537–57. doi: 10.1210/er.2018-00184

23. Chen J, Kuang J, Tang X, Mao L, Guo X, Luo Q, et al. Comparison of calculated
remnant lipoprotein cholesterol levels with levels directly measured by nuclear
magnetic resonance. Lipids Health Dis. (2020) 19(1):132. doi: 10.1186/s12944-020-
01311-w

24. Calkins H, Hindricks G, Cappato R, Kim YH, Saad EB, Aguinaga L, et al. 2017
Hrs/Ehra/Ecas/Aphrs/Solaece expert consensus statement on catheter and surgical
ablation of atrial fibrillation. Europace. (2018) 20(1):e1–160. doi: 10.1093/europace/
eux274

25. Staerk L, Sherer JA, Ko D, Benjamin EJ, Helm RH. Atrial fibrillation:
epidemiology, pathophysiology, and clinical outcomes. Circ Res. (2017) 120
(9):1501–17. doi: 10.1161/CIRCRESAHA.117.309732

26. Psaty BM, Manolio TA, Kuller LH, Kronmal RA, Cushman M, Fried LP, et al.
Incidence of and risk factors for atrial fibrillation in older adults. Circulation. (1997)
96(7):2455–61. doi: 10.1161/01.cir.96.7.2455

27. Annoura M, Ogawa M, Kumagai K, Zhang B, Saku K, Arakawa K. Cholesterol
paradox in patients with paroxysmal atrial fibrillation. Cardiology. (1999) 92(1):21–7.
doi: 10.1159/000006942

28. Kirchhof P, Camm AJ, Goette A, Brandes A, Eckardt L, Elvan A, et al. Early
rhythm-control therapy in patients with atrial fibrillation. N Engl J Med. (2020) 383
(14):1305–16. doi: 10.1056/NEJMoa2019422

29. Tung R, Buch E, Shivkumar K. Catheter ablation of atrial fibrillation.
Circulation. (2012) 126(2):223–9. doi: 10.1161/CIRCULATIONAHA.111.048421

30. Canpolat U, Aytemir K, Yorgun H, Sahiner L, Kaya EB, Cay S, et al. The role of
preprocedural monocyte-to-high-density lipoprotein ratio in prediction of atrial
fibrillation recurrence after cryoballoon-based catheter ablation. Europace. (2015) 17
(12):1807–15. doi: 10.1093/europace/euu291

31. Pinho-Gomes AC, Reilly S, Brandes RP, Casadei B. Targeting inflammation and
oxidative stress in atrial fibrillation: role of 3-hydroxy-3-methylglutaryl-coenzyme a
reductase inhibition with statins. Antioxid Redox Signal. (2014) 20(8):1268–85.
doi: 10.1089/ars.2013.5542

32. Suleiman M, Koestler C, Lerman A, Lopez-Jimenez F, Herges R, Hodge D, et al.
Atorvastatin for prevention of atrial fibrillation recurrence following pulmonary vein
isolation: a double-blind, placebo-controlled, randomized trial. Heart Rhythm. (2012)
9(2):172–8. doi: 10.1016/j.hrthm.2011.09.016

33. Peng H, Yang Y, Zhao Y, Xiao H. The effect of statins on the recurrence rate of
atrial fibrillation after catheter ablation: a meta-analysis. Pacing Clin Electrophysiol.
(2018) 41(11):1420–7. doi: 10.1111/pace.13485

34. Wang K, Wang R, Yang J, Liu X, Shen H, Sun Y, et al. Remnant cholesterol and
atherosclerotic cardiovascular disease: metabolism, mechanism, evidence, and
treatment. Front Cardiovasc Med. (2022) 9:913869. doi: 10.3389/fcvm.2022.913869

35. Lew J, Sanghavi M, Ayers CR, McGuire DK, Omland T, Atzler D, et al. Sex-
based differences in cardiometabolic biomarkers. Circulation. (2017) 135(6):544–55.
doi: 10.1161/CIRCULATIONAHA.116.023005

36. Dart C. Lipid microdomains and the regulation of ion channel function.
J Physiol. (2010) 588(Pt 17):3169–78. doi: 10.1113/jphysiol.2010.191585

37. Tao J, Yang X, Qiu Q, Gao F, Chen W, Hu L, et al. Low lipoprotein(a)
concentration is associated with atrial fibrillation: a large retrospective cohort study.
Lipids Health Dis. (2022) 21(1):119. doi: 10.1186/s12944-022-01728-5

38. Khovidhunkit W, Kim MS, Memon RA, Shigenaga JK, Moser AH, Feingold KR,
et al. Effects of infection and inflammation on lipid and lipoprotein metabolism:
mechanisms and consequences to the host. J Lipid Res. (2004) 45(7):1169–96.
doi: 10.1194/jlr.R300019-JLR200

39. Mora S, Akinkuolie AO, Sandhu RK, Conen D, Albert CM. Paradoxical
association of lipoprotein measures with incident atrial fibrillation. Circ Arrhythm
Electrophysiol. (2014) 7(4):612–9. doi: 10.1161/CIRCEP.113.001378

40. Kim SM, Lee JH, Kim JR, Shin DG, Lee SH, Cho KH. Female patients with atrial
fibrillation have increased oxidized and glycated lipoprotein properties and lower
apolipoprotein a-I expression in Hdl. Int J Mol Med. (2011) 27(6):841–9. doi: 10.
3892/ijmm.2011.646

41. Kim SM, Kim JM, Shin DG, Kim JR, Cho KH. Relation of atrial fibrillation (Af)
and change of lipoproteins: male patients with Af exhibited severe pro-inflammatory
and pro-atherogenic properties in lipoproteins. Clin Biochem. (2014) 47(10-
11):869–75. doi: 10.1016/j.clinbiochem.2013.10.026

42. Wongcharoen W, Lin YJ, Chang SL, Lo LW, Hu YF, Chung FP, et al. History of
hyperthyroidism and long-term outcome of catheter ablation of drug-refractory atrial
fibrillation. Heart Rhythm. (2015) 12(9):1956–62. doi: 10.1016/j.hrthm.2015.06.004
frontiersin.org

https://doi.org/10.1093/eurheartj/ehab593
https://doi.org/10.1093/eurheartj/ehaa612
https://doi.org/10.1093/europace/euaa132
https://doi.org/10.1056/NEJMoa1602014
https://doi.org/10.1111/jce.15108
https://doi.org/10.1038/s41569-022-00820-8
https://doi.org/10.5603/CJ.a2018.0067
https://doi.org/10.15420/ecr.2019.30.2
https://doi.org/10.15420/ecr.2019.30.2
https://doi.org/10.1093/cvr/cvab017
https://doi.org/10.1093/cvr/cvab017
https://doi.org/10.1093/eurheartj/ehn579
https://doi.org/10.1161/JAHA.118.011433
https://doi.org/10.1007/s10840-019-00543-w
https://doi.org/10.1007/s10840-019-00543-w
https://doi.org/10.12659/MSM.938288
https://doi.org/10.1002/clc.22864
https://doi.org/10.1186/s12872-016-0232-4
https://doi.org/10.1016/j.atherosclerosis.2020.08.026
https://doi.org/10.1016/j.jacc.2009.08.020
https://doi.org/10.1007/s00395-019-0735-0
https://doi.org/10.1093/eurheartj/ehab432
https://doi.org/10.1056/NEJMc1806491
https://doi.org/10.1056/NEJMc1806491
https://doi.org/10.1016/j.jacc.2020.10.008
https://doi.org/10.1210/er.2018-00184
https://doi.org/10.1186/s12944-020-01311-w
https://doi.org/10.1186/s12944-020-01311-w
https://doi.org/10.1093/europace/eux274
https://doi.org/10.1093/europace/eux274
https://doi.org/10.1161/CIRCRESAHA.117.309732
https://doi.org/10.1161/01.cir.96.7.2455
https://doi.org/10.1159/000006942
https://doi.org/10.1056/NEJMoa2019422
https://doi.org/10.1161/CIRCULATIONAHA.111.048421
https://doi.org/10.1093/europace/euu291
https://doi.org/10.1089/ars.2013.5542
https://doi.org/10.1016/j.hrthm.2011.09.016
https://doi.org/10.1111/pace.13485
https://doi.org/10.3389/fcvm.2022.913869
https://doi.org/10.1161/CIRCULATIONAHA.116.023005
https://doi.org/10.1113/jphysiol.2010.191585
https://doi.org/10.1186/s12944-022-01728-5
https://doi.org/10.1194/jlr.R300019-JLR200
https://doi.org/10.1161/CIRCEP.113.001378
https://doi.org/10.3892/ijmm.2011.646
https://doi.org/10.3892/ijmm.2011.646
https://doi.org/10.1016/j.clinbiochem.2013.10.026
https://doi.org/10.1016/j.hrthm.2015.06.004
https://doi.org/10.3389/fcvm.2023.1258125
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

	Predictive value of remnant-like particle cholesterol in the prediction of long-term AF recurrence after radiofrequency catheter ablation
	Introduction
	Material and methods
	Research subjects
	Baseline information
	Blood lipid level measurement
	Cardiac ultrasound indicators
	RFCA
	Postoperative follow-up
	Statistical analysis

	Results
	Inclusion, exclusion, and grouping processes
	Baseline data of individuals in the recurrence and non-recurrence groups
	Predictors of long-term AF recurrence
	Subgroup analysis of RLP-C
	ROC curve of RLP-C
	Survival analysis

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


