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Purpose: To investigate the effect and comprehensive predictive value of the platelet-to-lymphocyte ratio (PLR) for long-term 
recurrence in patients with atrial fibrillation (AF) post ablation.
Patients and Methods: We retrospectively analysed 638 consecutive AF patients who underwent ablation, including 302 (47.3%) 
with paroxysmal AF and 336 (52.7%) with nonparoxysmal AF. Patients were grouped into the recurrence and nonrecurrence groups.
Results: After a mean follow-up of 15.1±9.3 months, 175 patients (27.4%) with AF had long-term recurrence, including 114 
patients (33.9%) with nonparoxysmal AF and 61 patients (20.2%) with paroxysmal AF. In the entire cohort and in patients with 
nonparoxysmal AF, but not in those with paroxysmal AF, the PLR was significantly higher in the recurrence group than in the 
nonrecurrence group (P<0.05). After adjusting for the APPLE score, the PLR as a continuous variable independently predicted AF 
recurrence (hazard ratio [HR], 1.003; 95% confidence interval [CI], 1.001–1.005; P<0.01). The addition of the PLR to the APPLE 
score improved its predictive ability for recurrence (the C-statistic value increased from 0.645 to 0.675, P=0.02; the net 
reclassification improvement was 0.221, 95% CI 0.049–0.394, P=0.01; and the integrated discrimination improvement was 0.029, 
95% CI 0.013–0.045, P<0.01). For nonparoxysmal AF, the PLR was stratified into tertiles, the PLR independently increased the 
nonparoxysmal AF recurrence risk after adjusting for multiple confounding factors (HR, 1.393; 95% CI, 1.102–1.762; P<0.01), and 
the addition of the PLR to the left atrial diameter improved its predictive ability for arrhythmia recurrence (the C-statistic value 
increased from 0.601 to 0.667, P<0.01).
Conclusion: The PLR is an independent predictive factor of long-term AF recurrence post ablation after adjusting for the APPLE 
score and can improve the predictive ability and clinical usefulness of the APPLE score. However, the PLR is an effective predictor of 
recurrence in patients with nonparoxysmal AF rather than in paroxysmal AF.

Plain Language Summary: AF is a common cardiac arrhythmia that can be treated by catheter ablation. Even though the 
application of ablation has increased in clinical practice, the AF recurrence rate remains stubbornly high. Predicting the risk of 
recurrence would allow the optimization of AF treatment and management strategies. The impact of inflammation on atrial 
fibrillation recurrence is unperceived in the existing AF risk scores. Therefore, we investigated the predictive ability of the 
platelet-to-lymphocyte ratio, a marker of systemic inflammation that can be easily calculated following routine blood analysis, in 
estimating the risk of AF recurrence. We found that in the entire cohort and in patients with nonparoxysmal AF, but not in those 
with paroxysmal AF, the PLR ratio was significantly higher in the recurrence group than in the nonrecurrence group. Adding the 
platelet-to-lymphocyte ratio to the APPLE risk score improved its ability to predict AF in the entire cohort. In patients with 
nonparoxysmal AF, the addition of the RLR to the left atrial diameter improved its predictive accuracy. However, the PLR ratio 
did not predict recurrence of paroxysmal AF. Interestingly, we found that recurrence risk scores, such as the APPLE score and 
CHA2DS2-VASc, had no predictive value for nonparoxysmal AF. Therefore, the addition of the PLR to the APPLE score should 
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be considered in evaluating AF recurrence risk for patients with an unknown type, and the addition of the PLR to the left atrial 
diameter should be performed to predict AF recurrence in patients with nonparoxysmal AF. 

Keywords: platelet-to-iymphocyte ratio, atrial fibrillation, recurrence, prediction model, inflammation, ablation

Introduction
Atrial fibrillation (AF) is a heart arrhythmia that is common worldwide and causes stroke, heart failure, dementia, and multiple 
complications; it is associated with mortality and disability.1 Compared with heart rate control, the incidence of new ischaemic 
cerebrovascular disease or transient ischaemic attack was lower in patients with heart rhythm control.2 As a means of heart 
rhythm control, catheter ablation is recommended as the first-line therapy to restore sinus rhythm, and millions of patients with 
AF have benefited from this treatment.3 However, AF recurrence rates post ablation remain stubbornly high, especially in 
patients with persistent AF.4 AF recurrence can be treated by a second, potentially modified, ablation procedure, increasing 
medical costs and the health care burden.5 Therefore, clinically applicable models are needed to predict AF recurrence before 
or after catheter ablation and allow the optimization of therapeutic strategies.6 Numerous such risk scores have been 
established in clinical settings, including APPLE, CHA2DS2-VASc, DR-FLASH, and HATCH.7 Of these, the APPLE 
score is a noninvasive and easily available clinical predictor of AF recurrence and even atrial remodelling.8,9 However, this 
score is limited by its focus on clinical and procedural parameters; it does not consider the contribution of pathophysiology and 
atrial substrates. It has been shown that systemic or local inflammation plays a vital role in accelerating atrial electrical and 
structural remodelling and promotes AF recurrence.10 Moreover, some studies have suggested that the proinflammatory 
microenvironments of the atria are partly caused by tissue damage and cell death induced by catheter ablation.11 This evidence 
indicates that inflammation should be considered when evaluating the risk of AF recurrence. Recently, the platelet-to- 
lymphocyte ratio (PLR) has been established as a substitute marker of systemic inflammation in cardiovascular disease. An 
elevated PLR has been associated with poor clinical outcomes, especially in acute coronary syndromes;12 however, the 
predictive ability of the PLR in AF recurrence remains unknown. Here, we aimed to investigate the impact and predictive 
value of the PLR in AF recurrence and determine whether the addition of the PLR can improve predictive models for the 
recurrence of specific AF subtypes.

Materials and Methods
Study Cohorts
We conducted a single-centre, retrospective, observational cohort study in consecutive AF populations selected for 
catheter ablation from Chengdu Third People’s Hospital (Sichuan, China) between February 2017 and August 2022. All 
study protocols were approved by the ethics committee of The Third People’s Hospital of Chengdu (No. 2023-S-38) and 
were conducted according to the Declaration of Helsinki and institutional guidelines. The requirement for informed 
consent was cancelled due to the retrospective nature of the study. We declared that the privacy of the participants was 
covered and that all data derived from the medical record system were anonymized to maintain the confidentiality of the 
patient information.

The exclusion criteria included the following information: (1) presence of absolute contraindication for catheter 
ablation; (2) prior left atrial ablation or surgical procedure; (3) a variety of secondary atrial fibrillation, such as 
hyperthyroidism, acute alcoholism, electrolyte imbalance; (4) severe structural cardiac diseases and cardiac valvular 
disease; and (5) incomplete follow-up data. Individuals with incomplete key variables, including the APPLE score and 
the PLR, were excluded. After excluding 109 patients with failed follow-up and incomplete clinical data, 638 consecutive 
patients were finally included.

Data Collection and Definitions
Data on demographic parameters, previous medical history, medical diagnosis, laboratory detections, and medications 
were obtained from the electronic medical management system. The demographics and anthropometric data included 
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age, sex, body mass index (BMI), smoking, AF duration, systolic blood pressure (SBP), heart rate (HR), previous history 
of hypertension, diabetes mellitus, coronary heart disease (CHD), chronic heart failure (CHF), stroke, peripheral artery 
disease (PAD) and chronic obstructive pulmonary disease (COPD). The clinical data included the diagnosis of AF type, 
blood parameters on admission including fasting blood glucose (FBG), homocysteine, brain natriuretic peptide (BNP), 
estimated glomerular filtration rate, albumin (Alb), blood uric acid (BUA), triglycerides, total cholesterol, platelets and 
lymphocytes, imaging data on admission (left atrial diameter, LAD, left ventricular end diastolic diameter, LVED and left 
ventricular ejection fraction, LVEF), perioperative complications and medical treatment after discharge. Perioperative 
complications included respiratory tract infection, pleural effusion, haematoma, lower limb infection, pericardial tampo-
nade, and loss of consciousness within 7 days after surgery. All blood parameters of AF patients were measured during 
hospitalization as part of their treatment.

Paroxysmal AF was determined by whether episodes lasted <7 days and self-terminated. Nonparoxysmal AF was 
defined as any AF episode either lasting longer than 7 days or requiring any current cardioversions for termination. The 
ratio of platelets to lymphocytes was calculated as the PLR.

Recurrence Risk Scoring System
APPLE and CHA2DS2-VASc scores were used to predict the outcomes of AF patients post ablation. The APPLE score 
was calculated through 5 variables (1 point for each), including age >65 years, persistent AF, eGFR <60 mL/min/ 
1.73 m2, LAD ≥43 mm, and LVEF <50%. The CHA2DS2-VASc score was comprised of heart failure, hypertension, age 
≥75 (doubled), diabetes, stroke (doubled), vascular disease, age 65–74, and female sex.

Preoperative Preparation and Ablation Strategy
All patients were treated with anticoagulants and underwent transesophageal echocardiography before surgery to exclude 
left atrial thrombosis. Anatomical models of the left atrial and pulmonary veins were established under the guidance of 
a three-dimensional imaging system (CARTO-3 System, Version 6; Biosense Webster Inc., Irvine, CA, USA). 
Radiofrequency ablation was performed in all patients under general anaesthesia, with continuous intraoperative 
monitoring of their vital signs. Patients with paroxysmal AF underwent annular ablation along the left and right 
pulmonary veins to achieve pulmonary vein isolation (PVI). Patients with nonparoxysmal AF underwent further substrate 
modifications based on PVI. The low-voltage area of the left atrium was located under the guidance of the CARTO-3 
navigation system, and the ablation circuit was designed accordingly. All patients underwent ablation in the AF state; the 
procedure was terminated upon cessation of AF. If atrial flutter or tachycardia occurred during ablation, mapping and 
ablation were continued. If sinus rhythm could not be restored after ablation, electrical cardioversion was performed. The 
ablation-related parameters were as follows: power, 50 W (left atrial and pulmonary vein isolation) and 35–40 W (ridge 
and right atrial); perfusion rate of cold saline, 15 mL/min.

Postoperative Management and Follow-Up
All patients were treated with oral antiarrhythmic drugs for at least 3 months after ablation. Amiodarone was the 
preferred antiarrhythmic drug, but if oral amiodarone was contraindicated, it was changed to dronedarone. In the absence 
of contraindications, anticoagulation (warfarin or rivaroxaban) was continued. All patients were followed up regularly as 
outpatients at 3-, 6-, and 12-months post ablation using 24-hour Holter monitoring and were asked about symptoms 
associated with arrhythmias. In addition, when patients’ symptoms were consistent with tachycardia during the follow-up 
period, a surface 12-lead electrocardiogram and 24-hour Holter monitoring were performed at the nearest hospital. Long- 
term recurrence was defined as all 30-second atrial tachyarrhythmias (including AF, atrial flutter, atrial tachycardia) 
continuously as recorded after the 3-month blank period.

Statistical Analysis
Continuous variables are expressed as the mean ± standard deviation (SD) or median and interquartile range (IQR), as 
appropriate. The Kolmogorov–Smirnov test was used to determine data normality. An unpaired t-test or one-way analysis 
of variance was used to compare continuous variables with a normal distribution, and a nonparametric test was used to 
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compare those with a skewed distribution. Categorical variables were expressed as counts or proportions (%) and were 
compared using the chi-squared or Fisher’s exact test, as appropriate.

The Cox proportional hazards regression model was used to analyse the association between the PLR, risk scoring 
system, and recurrence. All variables known to affect recurrence, including age, sex, BMI, AF duration, BNP, eGFR, 
LAD, LVEF, antiarrhythmic drugs, history of hypertension, diabetes mellitus, CHD, CHF, stroke, and PAD, 
CHA2DS2-VASc score (including AF types), APPLE score (without AF type), and PLR, were included in the univariate 
Cox regression analysis. Variables with an unadjusted P value of <0.1 were included in the multivariate model. When the 
CHA2DS2-VASc and APPLE scores were included in the multivariate regression analysis, the variables comprising these 
scores were no longer entered separately. The results are presented as hazard ratios (HRs) with associated 95% 
confidence intervals (CIs). A receiver operating characteristic (ROC) curve and area under the curve (AUC) were used 
to determine the ability of the PLR and risk score system to predict AF recurrence in patients after ablation. The dose‒ 
response relationship between baseline PLR and AF recurrence was evaluated by restricted cubic spline (RCS). The 
DeLong test was used to compare whether the AUCs of the different models were significantly different. The incremental 
predictive value of PLR on the recurrence risk score was further analysed by net reclassification improvement (NRI) and 
integrated discrimination improvement (IDI). Calibration curves were established to evaluate the performance of the 
model, and decision curve analysis was used to evaluate clinical usefulness and net benefit.

The closer the Brier score is to zero, the greater the degree of correction. As a calibration index, the closer the Brier 
score is to zero, the higher the calibration value is.

All tests were two-sided, and a P value <0.05 was considered to indicate statistical significance. Analyses were performed 
using R software version 4.3.1 (R Project for Statistical Computing, Vienna, Austria), SPSS software version 26.0 (IBM 
Corporation, San Diego, CA, USA) and GraphPad Prism v9.5.0 (GraphPad Software, San Diego, California, USA).

Results
Clinical Characteristics of Patients with AF
A total of 638 patients with AF were enrolled in this study, including 302 with paroxysmal AF and 336 with 
nonparoxysmal AF. After 15.1±9.3 months of follow-up, 175 patients (27.4%) with AF had long-term recurrence; 114 
(33.9%) of these had nonparoxysmal AF, and 61 (20.2%) had paroxysmal AF. The baseline characteristics between the 
AF recurrence and nonrecurrence groups are shown in Table 1. Patients with AF recurrence were more likely to be 
female and to have nonparoxysmal AF for a longer duration, a higher BNP level, lower eGFR, lower lymphocyte count, 
larger LAD, higher CHA2DS2-VASc score, higher APPLE score, and higher PLR. They were also more likely to have 
stroke and PAD and to not take antiarrhythmic drugs after ablation.

Compared to patients without recurrence, patients with nonparoxysmal AF recurrence had a larger LAD and lower 
preoperative eGFR, which is consistent with paroxysmal AF (Table 2). In addition, the recurrence group of patients with 
nonparoxysmal AF had a longer AF duration, lower lymphocyte count, and lower PLR than the nonrecurrence group. For 
paroxysmal AF, patients with recurrence were more likely to be female, older, and have a higher heart rate, BNP level, 
CHA2DS2-VASc score, and APPLE score. They were also more likely to have a history of stroke and PAD and to not 
take antiarrhythmic drugs after ablation.

Predictive Value of the PLR, CHA2DS2-VASc Score, and APPLE Score for AF 
Recurrence
All clinical and echocardiographic variables of AF recurrence were assessed using univariate and multivariate analyses 
(Table 3). Following multivariate analysis, female sex, longer AF duration, previous stroke, lower eGFR, larger LAD, 
and APPLE score (HR, 1.334; 95% CI, 1.149–1.550; P<0.001), but not the CHA2DS2-VASc score, remained significant 
predictors of AF recurrence. The PLR was an independent predictor of AF recurrence when separately included in 
models 1 (HR, 1.003; 95% CI, 1.001–1.005; P=0.001) and 2 (HR, 1.003; 95% CI, 1.001–1.005; P=0.004). Additionally, 
the RCS results showed a linear association between baseline PLR levels and the risk of recurrence (Figure 1; nonlinear 
P = 0.578). Figure 2 shows the ROC curves of the APPLE score and the PLR for predicting AF recurrence, which had 
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AUCs of 0.645 (95% CI, 0.601–0.690; P<0.001) and 0.596 (95% CI, 0.557–0.634; P=0.006), respectively. Patients with 
nonparoxysmal AF were stratified into three groups according to PLR tertiles (T1, PLR ≤75.6; T2, 75.6< PLR ≤114.9; 
T3, PLR >114.9) (Table 4). Patients with higher PLR tended to have higher platelet counts and lower lymphocyte counts. 
In addition, the highest PLR group had higher FBG levels than the other two groups. The Kaplan–Meier curves of the 

Table 1 Baseline Characteristics of the Study Population

Parameters Total  
n=638

AF Recurrence (+) 
n =175

AF Recurrence 
(-) n =463

P value

Demographics

Age, years 65.8±10.5 66.3±10.4 65.5±10.5 0.398

Female sex, n (%) 332 (52.0) 109 (62.3) 223 (48.2) 0.001
BMI, kg/m2 24.8±3.2 25.0±3.4 24.7±3.1 0.280

Non-paroxysmal AF, n (%) 336 (52.7) 114 (65.1) 222 (47.9) <0.001

Current Smoking, n (%) 101 (15.8) 22 (12.6) 79 (17.1) 0.166
Previous medical history

AF duration, months 12 (3, 48) 24 (6, 72) 12 (3, 42) 0.002
Hypertension, n (%) 349 (54.7) 94 (53.7) 255 (55.1) 0.758

Diabetes mellitus, n (%) 134 (21.0) 38 (21.7) 96 (20.7) 0.786

CHD, n (%) 71 (11.1) 17 (9.7) 54 (11.7) 0.485
CHF, n (%) 132 (20.7) 45 (25.7) 87 (18.8) 0.054

Previous stroke, n (%) 34 (5.3) 15 (8.6) 19 (4.1) 0.025

PAD, n (%) 23 (3.6)) 11 (6.3) 12 (2.6) 0.026
COPD, n (%) 28 (4.4) 6 (3.4) 22 (4.8) 0.467

Laboratory data at admission

SBP, mmHg 126±17 126±18 126±17 0.967
HR, bpm 77±19 79±19 76±18 0.187

FBG, mmol/L 5.5±1.3 5.6±1.4 5.5±1.3 0.655

Homocysteine, umol/L 13.8±7.3 13.7±6.1 13.8±7.7 0.884
BNP, pg/mL 139 (63, 281) 157 (83, 299) 130 (54, 276) 0.009

eGFR, mL/min per 1.73m2 84.9±19.7 79.6±20.1 86.9±19.1 <0.001

Alb, g/L 39.9±4.0 39.8±3.7 39.9±4.1 0.694
BUA, umol/L 368±103 368±102 368±103 0.964

Cholesterol (mmol/L) 4.2±1.1 4.1±0.9 4.2±1.1 0.224

Triglyceride (mmol/L) 1.5±0.9 1.5±0.9 1.5±0.9 0.659
Platelet, ×10^9/L 159±55 162±52 158±56 0.463

Lymphocyte, ×10^9/L 1.7±0.6 1.57±0.63 1.75±0.58 0.001

Imaging
LAD, mm 41.8±5.4 44.1±5.1 40.9±5.2 <0.001

LVEDd, mm 46.0±4.9 45.6±4.5 46.1±5.1 0.270

LVEF, % 59.0±5.9 58.7±5.4 59.0±6.1 0.576
Discharge medicine

Anticoagulant drugs, n (%) 624 (97.8) 171 (97.7) 453 (97.8) 1.000

Antiarrhythmic drugs, n (%) 555 (87.0) 144 (82.3) 411 (88.8) 0.030
Perioperative complications, n (%) 53 (8.3) 18 (10.3) 35 (7.6) 0.266

PLR 104±52 120±71 98±41 <0.001

CHA2DS2-VASc score 2.45±1.55 2.74±1.70 2.33±1.48 0.003
APPLE score 1.61±1.10 2.02±1.01 1.45±1.09 <0.001

Notes: Data are presented as the mean±SD, median (IQR), or n (%). CHA2DS2-VASc score was based on congestive heart failure, 
hypertension, age≧75 years, diabetes mellitus, prior stroke or transient ischemic attack or thromboembolism, vascular disease, age 65 to 
74 years, and sex category; APPLE score was based on 5 variables: 1 point each for age >65 years, persistent AF, eGFR<60 mL/min/ 
1.73 m², left atrial diameter ≥43 mm, and left ventricular ejection fraction <50%. 
Abbreviations: AF, atrial fibrillation; BMI, body mass index; CHD, coronary heart disease; CHF, chronic heart failure; PAD, peripheral 
artery disease; COPD, chronic obstructive pulmonary disease; SBP, systolic blood pressure; HR, heart rate; FBG, fasting blood-glucose; 
BNP, brain natriuretic peptide; eGFR, Estimated glomerular filtration rate; BUA, blood uric acid; Alb, albumin; LAD, left atrial diameter; 
LVED, left ventricular end diastolic diameter; LVEF, left ventricular ejection fraction; PLR, platelet to lymphocyte rateo.
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Table 2 Baseline Characteristics of the Patients Stratified by the Different AF Types

Parameters Nonparoxysmal Atrial Fibrillation P value Paroxysmal Atrial Fibrillation P value

Total n=336 Recurrence (+) n =114 Recurrence (-) n =222 Total n=302 Recurrence (+) n =61 Recurrence (-) n =241

Demographics

Age 65.7±9.9 64.7±9.9 66.2±9.8 0.196 65.9±11.2 69.4±10.8 64.9±11.1 0.006

Female sex 166 (49.4) 64 (56.1) 102 (45.9) 0.077 166 (55.0) 45 (73.8) 121 (50.2) 0.001
BMI 25.1±3.2 25.6±3.6 24.8±3.0 0.051 24.5±3.2 24.0±2.9 24.6±3.3 0.160

Current Smoking 63 (18.8) 16 (14.0) 47 (21.2) 0.113 38 (12.6) 6 (9.8) 32 (13.3) 0.469

Previous medical history
AF duration 12 (3, 60) 36 (6, 84) 12 (3, 36) 0.001 12 (4, 48) 24 (7, 48) 12 (4, 48) 0.439

Hypertension 181 (53.9) 58 (50.9) 123 (55.4) 0.430 168 (55.6) 36 (59.0) 132 (54.8) 0.551

Diabetes mellitus 71 (21.1) 23 (20.2) 48 (21.6) 0.759 63 (20.9) 15 (24.6) 48 (19.9) 0.442
CHD 32 (9.5) 7 (6.1) 25 (11.3) 0.130 39 (12.9) 10 (16.4) 29 (12.0) 0.364

CHF 110 (32.7) 39 (34.2) 71 (32.0) 0.680 22 (7.3) 6 (9.8) 16 (6.6) 0.409

Previous stroke 20 (6.0) 9 (7.9) 11 (5.0) 0.281 14 (4.6) 6 (9.8) 8 (3.3) 0.042
PAD 13 (3.9) 5 (4.4) 8 (3.6) 0.769 10 (3.3) 6 (9.8) 4 (1.7) 0.006

COPD 15 (4.5) 3 (2.6) 12 (5.4) 0.244 13 (4.3) 3 (4.9) 10 (4.1) 0.730

Laboratory data
SBP 125±17 125±18 125±17 0.989 128±17 129±19 127±17 0.523

HR 78±18 77±15 79±19 0.490 75±20 83±26 74±17 0.042

FBG 5.5±1.3 5.6±1.5 5.5±1.1 0.771 5.5±1.4 5.5±1.2 5.5±1.4 0.852
Homocysteine 14.9±8.9 14.5±6.9 15.0±9.8 0.627 12.6±4.7 12.1±3.8 12.7±4.9 0.407

BNP 192 (102, 349) 176 (94, 339) 203 (108, 367) 0.575 71 (39, 170) 119 (68, 238) 64 (34, 167) 0.004

eGFR 84.0±19.0 80.5±20.0 85.8±18.2 0.015 85.9±20.4 77.9±20.2 87.9±20.0 0.001
Alb 39.7±4.2 39.8±3.8 39.6±4.4 0.816 40.1±3.7 39.8±3.6 40.2±3.7 0.523

BUA, umol/L 382±105 375±99 386±109 0.357 352±97 354±109 352±95 0.871

Cholesterol 4.13±1.05 4.08±0.91 4.15±1.12 0.597 4.24±1.05 4.12±1.01 4.27±1.06 0.339
Triglyceride 1.39±0.75 1.43±0.67 1.37±0.79 0.518 1.53±1.08 1.60±1.18 1.52±1.06 0.634

Platelet 153±57 157±49 151±60 0.366 165±52 170±56 164±51 0.458

Lymphocyte 1.66±0.64 1.51±0.64 1.73±0.63 0.002 1.74±0.55 1.67±0.62 1.76±0.53 0.249
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Imaging

LAD 44.4±4.8 45.7±4.4 43.6±4.9 <0.001 40.0±4.5 41.0±5.1 38.4±4.2 <0.001
LVEDd 46.8±5.5 46.1±4.9 47.1±5.7 0.114 45.1±3.9 44.6±3.2 45.2±4.1 0.394

LVEF 57.4±6.9 57.6±5.9 57.2±7.4 0.643 60.7±3.8 60.9±3.2 60.7±3.9 0.684

Discharge medicine
Anticoagulant drugs 322 (95.8) 110 (96.5) 212 (95.5) 0.779 302 (100.0) 61 (100.0) 241 (100.0) 1.000

Antiarrhythmic drugs 295 (87.8) 98 (86.0) 197 (88.7) 0.462 260 (86.1) 46 (75.4) 214 (88.8) 0.007

Complications 38 (11.3) 15 (13.2) 23 (10.4) 0.443 15 (5.0) 3 (4.9) 12 (5.0) 1.000
PLR 104±49 120±56 95±43 <0.001 104±55 120±93 100±39 0.109

CHA2DS2-VASc score 2.51±1.52 2.54±1.61 2.50±1.47 0.802 2.37±1.59 3.10±1.81 2.18±1.48 <0.001

APPLE score 2.31±0.84 2.38±0.90 2.27±0.81 0.809 0.82±0.77 1.36±0.88 0.69±0.68 <0.001

Note: Data are presented as the mean ± SD, median (IQR), or n (%). 
Abbreviations: AF, atrial fibrillation; BMI, body mass index; CHD, coronary heart disease; CHF, chronic heart failure; PAD, peripheral artery disease; COPD, chronic obstructive pulmonary disease; SBP, systolic blood pressure; HR, 
heart rate; FBG, fasting blood-glucose; BNP, brain natriuretic peptide; eGFR, Estimated glomerular filtration rate; BUA, blood uric acid; Alb, albumin; LAD, left atrial diameter; LVED, left ventricular end diastolic diameter; LVEF, left 
ventricular ejection fraction; PLR, platelet to lymphocyte rateo.
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incidence of AF recurrence for the different PLR tertiles are shown in Figure 3. The incidence of long-term AF 
recurrence increased progressively with a higher PLR (Log rank test, P<0.01). A higher PLR, as a categorical variable, 
was associated with a high risk of AF recurrence after adjustment for multiple confounders (HR, 1.393; 95% CI, 1.102– 
1.762; P=0.006) in patients with nonparoxysmal AF (Table 5). The multivariate analysis revealed that female sex, longer 
AF duration, and larger LAD were significant predictors of AF recurrence. The APPLE and CHA2DS2-VASc scores 
were not significant predictors of AF recurrence in patients with nonparoxysmal AF. Figure 4 presents the ROC curves of 
the ability of the PLR and LAD to predict AF recurrence, with AUCs of 0.621 (95% CI, 0.566–0.673; P<0.001) and 
0.601 (95% CI, 0.546–0.654; P<0.001), respectively.

For patients with paroxysmal AF, the multivariate analysis identified female sex, previous stroke, history of PAD, 
lower eGFR, larger LAD, APPLE score (HR, 1.89; 95% CI, 11.37–2.60; P<0.001) and CHA2DS2-VASc score (HR, 
1.19; 95% CI, 1.00–1.40; P=0.047), but not PLR, as significant predictors of AF recurrence (Table 6). Figure 5 presents 
the ROC curve of the ability of the APPLE score to predict AF recurrence, with an AUC of 0.711 (95% CI, 0.656–0.762; 
P<0.001). The AUCs of the CHA2DS2-VASc score and PLR for predicting AF recurrence were 0.645 (95% CI, 0.588– 
0.699; P<0.001) and 0.547 (95% CI, 0.489–0.604; P=0.288), respectively (Figures S1 and S2).

Incremental Predictive Value of PLR for AF Recurrence
In the total patient cohort, adding the PLR to the APPLE score to build a new model significantly improved the 
C-statistic of the APPLE score, from 0.645 (95% CI, 0.601–0.690) to 0.675 (95% CI, 0.629–0.722) (DeLong test, 
P=0.019). The model performance is presented in Figure 2 (sensitivity, 68.6%; specificity, 59.2%). The addition of the 
PLR significantly improved the APPLE score, as assessed by the NRI (0.221; 95% CI 0.049–0.394; P=0.012) and the IDI 
(0.029; 95% CI 0.013–0.045; P<0.001) (Table S1). Calibration plots for recurrence presented good agreement between 
the predicted and actual observation possibilities for the model after adding PLR (Figure S3). With a Brier score of 0.183, 
the model was acceptable. In this analysis, decision curve analysis showed a greater net benefit in the risk of AF 
recurrence with the addition of PLR to the APPLE score than with the APPLE score alone (Figure S4).

Table 3 Univariate and Multivariate Cox Regression Analysis for Predicting Recurrence in All Patients

Parameters Univariate Cox Regression MV Model 1 MV Model 2

HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value

Age 1.007 (0.992–1.022) 0.354

Female sex 1.652 (1.216–2.243) 0.001 1.600 (1.160–2. 207) 0.004
BMI 1.026 (0.980–1.073) 0.273

AF duration 1.002 (1.000–1.004) 0.036 1.003 (1.000–1.005) 0.011 1.002 (1.000–1.004) 0.034

Hypertension 0.934 (0.694–1.258) 0.655
Diabetes mellitus 1.072 (0.748–1.537) 0.703

CHD 0.775 (0.470–1.280) 0.319

CHF 1.412 (1.006–1.983) 0.046 0.969 (0.671–1.401) 0.869
Previous stroke 1.754 (1.032–2.980) 0.038 1.733 (1.015–2.958) 0.044

PAD 1.587 (0.858–2.937) 0.141

BNP 1.000 (1.000–1.001) 0.136
eGFR 0.984 (0.976–0.992) <0.001 0.990 (0.982–0.998) 0.015

LAD 1.080 (1.052–1.108) <0.001 1.069 (1.042–1.098) <0.001

LVEF 1.002 (0.979–1.025) 0.889
Antiarrhythmic drugs 0.691 (0.468–1.020) 0.063 0.777 (0.516–1.172) 0.230 0.755 (0.501–1.137) 0.178

PLR 1.004 (1.002–1.006) <0.001 1.003 (1.001–1.005) 0.001 1.003 (1.001–1.005) 0.004

APPLE score 1.403 (1.226–1.606) <0.001 1.334 (1.149–1.550) <0.001
CHA2DS2-VASc score 1.155 (1.050–1.270) 0.003 1.092 (0.985–1.210) 0.095

Abbreviations: AF, atrial fibrillation; BMI, body mass index; CHD, coronary heart disease; CHF, chronic heart failure; PAD, peripheral artery disease; 
COPD, chronic obstructive pulmonary disease; SBP, systolic blood pressure; HR, heart rate; FBG, fasting blood-glucose; BNP, brain natriuretic peptide; 
eGFR, Estimated glomerular filtration rate; BUA, blood uric acid; Alb, albumin; LAD, left atrial diameter; LVED, left ventricular end diastolic diameter; 
LVEF, left ventricular ejection fraction; PLR, platelet to lymphocyte rateo.
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For patients with nonparoxysmal AF, as shown in Figure 4, adding PLR into the model containing LAD alone 
significantly improved the C-statistic from 0.601 (95% CI, 0.546–0.654) to 0.667 (95% CI, 0.614–0.717), with 
a statistically significant difference (DeLong test, P=0.001).

Discussion
The main findings of our study were as follows: 1) the PLR and the APPLE score were elevated in patients with AF 
recurrence regardless of the clinical classification; 2) the PLR represented an independent predictor of AF recurrence by 
multivariate analysis and showed a linear dose‒response association with AF recurrence risk; 3) the PLR was 
a significant three-grade classifier with increased long-term recurrence risk in patients with nonparoxysmal AF; 4) the 
PLR in combination with LAD increased the predictive accuracy in patients with nonparoxysmal AF; and 5) the addition 
of the PLR to the APPLE score improved the risk prediction capacity of AF recurrence in the entire cohort with 
favourable clinical availability.

Atrial inflammation is recognized as the pathophysiological basis of AF initiation, progression, and maintenance.13 

Inflammation is also associated with supraventricular tachycardias, which further confirms the effect of inflammation on 
cardiac substrates.14 In addition, increasing evidence suggests that surgery-induced inflammation creates a substrate for 
postoperative AF.15 In addition, the moderate inflammation caused by catheter ablation or a preexisting substrate may 
increase trigger-related ectopic activities and promote AF recurrence.16 Therefore, it is important to consider the role of 
inflammation in AF recurrence. The PLR is a biomarker based on lymphocyte and platelet numbers, which reflect the 
systemic inflammation mediated by the activation of platelets and the immune response.17 In this study, we chose the 
PLR as a systemic inflammatory marker because of its wide availability and simple calculation. We found a reduction in 

Figure 1 RCS for the odds ratio of risk of recurrence. 
Abbreviations: RCS, restricted cubic spline, PLR, platelet to lymphocyte ratio.
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lymphocyte numbers and an increase in the PLR in all patients with AF recurrence compared to patients without 
recurrence; the PLR was also increased in patients with nonparoxysmal AF recurrence. Lymphocyte numbers differed 
between the paroxysmal and nonparoxysmal AF groups without any distinction between platelet and anticoagulant 
therapy. Our results differ from those of a recent study indicating that the PLR was increased and platelet numbers were 
reduced in patients with permanent AF compared with those in patients with paroxysmal AF.18 Discrepancies in AF 
severity may explain the differences between the studies. In addition, we utilized APPLE and CHA2DS2-VASc scores as 
positive controls to highlight the characteristic differences between paroxysmal and nonparoxysmal AF and to exclude 
the effect of patient selection bias on the results.

One key finding of our study was that the PLR is an independent predictor of AF recurrence after adjusting for 
APPLE or CHA2DS2-VASc scores and the dose‒response relationship of the association between the PLR and AF 
recurrence risk. Although the HR of the PLR (1.003; 95% CI, 1.001–1.005) was slightly smaller than its value in the 
prediction of AF onset (1.257; 95% CI, 1.138–1.376) in the study by Li et al,19 the enrolled subjects in that study were 
older patients with extensive hypertension. In terms of predictive accuracy, the PLR enhances the AUC in combination 
with the APPLE score compared with the APPLE score alone for the prediction of AF recurrence. Regarding the 
continuous variable, although the risk degree of PLR for AF recurrence was slightly inferior to the APPLE or 
CHA2DS2-VASc scores, it was still a significant predictor of recurrence in the total AF population. After division of 
the PLR into tertiles, a good risk stratification capacity was observed; patients with a higher PLR had a higher AF 

Figure 2 ROC curve analysis of the PLR, APPLE score and APPLE score plus PLR to predict recurrence in AF patients after catheter ablation. The area under the curve 
(AUC) of the APPLE score, PLR and addition of the PLR to the APPLE score for predicting recurrence was 0.645 (95% CI, 0.601 to 0.690; P < 0.001), 0.596 (95% CI, 0.557 to 
0.634; P < 0.001) and 0.675 (95% CI, 0.629 to 0.722), respectively; APPLE vs APPLE + PLR, P=0.019; The circle on the curve indicates the point corresponding to the optimal 
cut-off value. 
Abbreviations: AF, atrial fibrillation; ROC, receiver operating characteristic; PLR, platelet to lymphocyte ratio.
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recurrence post ablation, especially when diagnosed with persistent or permanent AF. Similar to our results, Li et al used 
PLR tertiles to demonstrate significant differences in the PLR in cumulative new-onset AF in a community-based 
cohort.19 Nevertheless, our study is the first to demonstrate the risk stratification potential of the PLR for AF recurrence 

Table 4 The Baseline Characteristics Based on Tertiles of the PLR for Patients with 
Nonparoxysmal AF

Parameters T1 (n=110) T2(n=116) T3 (n=110) P value

Demographics

Age 65.5±9.9 65.9±9.7 65.7±10.1 0.957

Female sex 54 (49.1) 58 (50.0) 54 (49.1) 0.988
BMI 25.4±3.2 24.7±3.2 25.1±3.2 0.341

Current Smoking 26 (23.6) 21 (18.1) 16 (14.5) 0.220

Previous medical history
AF duration 12 (3, 48) 12 (4, 60) 24 (3, 60) 0.888

Hypertension 52 (47.3) 65 (56.0) 64 (58.2) 0.227
Diabetes mellitus 21 (19.1) 27 (23.3) 23 (20.9) 0.741

CHD 7 (6.4) 10 (8.6) 15 (13.6) 0.170

CHF 35 (31.8) 34 (29.3) 41 (37.3) 0.430
Previous stroke 5 (4.5) 5 (4.3) 10 (9.1) 0.270

PAD 3 (2.7) 1 (0.9) 2 (1.8) 0.707

COPD 7 (6.4) 5 (4.3) 3 (2.7) 0.431
Laboratory data

SBP 124±17 126±17 125±19 0.803

HR 77±16 77±14 81±23 0.223
FBG 5.4±1.0 5.4±0.9 5.9±1.7 0.013

Homocysteine 14.3±5.8 13.5±6.5 16.8±12.6 0.079

BNP 180 (94, 318) 186 (102, 327) 223 (110, 457) 0.154
eGFR 85.2±19.3 85.6±17.4 81.1±20.0 0.148

Alb 39.9±3.7 39.6±5.0 39.6±3.9 0.853

BUA 383±117 371±91 392±106 0.330
Cholesterol 4.05±1.11 4.24±1.02 4.09±1.03 0.409

Triglyceride 1.41±0.82 1.35±0.71 1.43±0.71 0.739

Platelet 119±32 156±43 185±69 <0.001
Lymphocyte 2.06±0.71 1.67±0.46 1.24±0.43 <0.001

Imaging

LAD 44.1±5.0 43.9±4.6 45.1±4.8 0.121
LVEDd 47.0±5.6 45.9±4.7 47.4±6.0 0.122

LVEF 57.7±6.7 59.1±4.3 55.2±8.7 <0.001

Discharge medicine
Anticoagulant drugs 104 (94.5) 112 (96.6) 106 (96.4) 0.788

Antiarrhythmic drugs 96 (87.3) 104 (89.7) 95 (86.4) 0.761

Complications 11 (10.0) 11 (9.5) 16 (14.5) 0.461
Recurrence 25 (22.7) 37 (31.9) 52 (47.3) <0.001

CHA2DS2-VASc score 2.41±1.59 2.51±1.44 2.63±1.53 0.566

PLR 59.8±11.6 93.8±11.5 157.6±46.7 <0.001

Notes: The PLR groups were stratified by the tertiles of the PLR (T1, PLR ≤ 75.6; T2, 75.6 < PLR ≤ 114.9; T3, PLR> 
114.9). Data are presented as the mean ± SD, median (IQR), or n (%). 
Abbreviations: AF, atrial fibrillation; BMI, body mass index; CHD, coronary heart disease; CHF, chronic heart 
failure; PAD, peripheral artery disease; COPD, chronic obstructive pulmonary disease; SBP, systolic blood pressure; 
HR, heart rate; FBG, fasting blood-glucose; BNP, brain natriuretic peptide; eGFR, Estimated glomerular filtration 
rate; BUA, blood uric acid; Alb, albumin; LAD, left atrial diameter; LVED, left ventricular end diastolic diameter; 
LVEF, left ventricular ejection fraction; PLR, platelet to lymphocyte ratio.
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using tripartite data. In the clinical setting, our findings and those of other studies20,21 support the use of the PLR as a risk 
stratification metric to identify patients suitable for catheter ablation.

We also determined the predictive value of the PLR for the recurrence of different AF types. The addition of the PLR 
to the LAD improves the nonparoxysmal AF predictive accuracy. However, the predictive ability of the PLR for AF 

Figure 3 Kaplan‒Meier survival curves of AF recurrence for the PLR tertiles. The graph shows Kaplan–Meier estimates of freedom from any documented atrial arrhythmia after 
a single ablation procedure (log-rank P<0.01) in the T1 group (TyG index ≤ 75.6, red line), T2 group (75.6 < PLR ≤ 114.9, blue line), and T3 group (PLR> 114.9, green line). 
Abbreviations: AF, atrial fibrillation; PLR, platelet to lymphocyte ratio.

Table 5 Univariate and Multivariate Cox Regression Analysis for Predicting Recurrence in 
Patients with Nonparoxysmal AF

Parameters Univariate Cox Regression Multivariate Cox Regression

HR (95% CI) P value HR (95% CI) P value

Age 0.991 (0.973–1.009) 0.310

Female sex 1.410 (0.974–2.042) 0.069 1.536 (1.030–2.292) 0.035
BMI 1.062 (1.006–1.122) 0.031 1.054 (0.996–1.116) 0.071

AF duration 1.002 (1.000–1.004) 0.041 1.004 (1.001–1.006) 0.004

Hypertension 0.868 (0.600–1.255) 0.452
Diabetes mellitus 1.004 (0.635–1.558) 0.986

CHD 0.532 (0.247–1.145) 0.107

CHF 1.154 (0.782–1.704) 0.470

(Continued)
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outcomes may partly depend on the subject population. One study found that a lower PLR (<88.16) was associated with 
weakened left atrial strain and slowed left atrial appendage flow velocity in non-valvular AF22 and can therefore be 
a predictor of atrial thrombogenesis. Another study revealed that an elevated preoperative PLR (118 [91–152]) was not 
independently associated with postoperative AF.23 These data suggest that it is necessary to consider specific AF 
populations and clinical conditions when using the PLR as a risk factor for predicting clinical outcomes.

Figure 4 ROC curve analysis of the PLR, APPLE score and APPLE score plus PLR to predict recurrence in patients with nonparoxysmal atrial fibrillation. The PLR was 
stratified by the tertiles of the PLR (T1, PLR ≤ 75.6; T2, 75.6 < PLR ≤ 114.9; T3, PLR> 114.9). The LAD groups were stratified by the optimal cut-off value (LAD≥42 mm). 
The area under the curve (AUC) of the LAD, the PLR and the addition of the PLR to the LAD for predicting recurrence was 0.645 (95% CI, 0.601 to 0.690; P < 0.001), 0.596 
(95% CI, 0.557 to 0.634; P < 0.001) and 0.675 (95% CI, 0.629 to 0.722), respectively. LAD vs LAD + PLR, P<0.001. The circle on the curve indicates the point corresponding 
to the optimal value. 
Abbreviations: ROC, receiver operating characteristic; PLR, platelet to lymphocyte ratio.

Table 5 (Continued). 

Parameters Univariate Cox Regression Multivariate Cox Regression

HR (95% CI) P value HR (95% CI) P value

Previous stroke 1.354 (0.685–2.677) 0.384

PAD 0.947 (0.384–2.336) 0.905
BNP 1.000 (0.999–1.001) 0.747

eGFR 0.988 (0.978–0.998) 0.015 0.992 (0.981–1.002) 0.106

LAD 2.624 (1.524–4.520) 0.001 2.547 (1.465–4.428) 0.001
LVEF 1.011 (0.985–1.038) 0.416

Antiarrhythmic drugs 0.812 (0.478–1.381) 0.443

PLR 1.462 (1.156–1.848) 0.002 1.393 (1.102–1.762) 0.006
APPLE score 1.033 (0.832–1.284) 0.832

CHA2DS2-VASc score 1.307 (0.916–1.174) 0.567

Notes: The PLR were stratified by the tertiles of the PLR (T1, PLR ≤ 75.6; T2, 75.6 < PLR ≤ 114.9; T3, PLR> 114.9). 
The LAD groups were stratified by the optimal cut-off value (LAD≧42mm). 
Abbreviations: AF, atrial fibrillation; BMI, body mass index; CHD, coronary heart disease; CHF, chronic heart 
failure; PAD, peripheral artery disease; COPD, chronic obstructive pulmonary disease; SBP, systolic blood pressure; 
HR, heart rate; FBG, fasting blood-glucose; BNP, brain natriuretic peptide; eGFR, Estimated glomerular filtration 
rate; BUA, blood uric acid; Alb, albumin; LAD, left atrial diameter; LVED, left ventricular end diastolic diameter; 
LVEF, left ventricular ejection fraction; PLR, platelet to lymphocyte ratio.
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In the subgroup analysis of patients with paroxysmal AF in our study, the PLR was not an independent risk factor for 
AF recurrence following multivariate analysis. The PLR therefore had a better predictive value in patients with 
nonparoxysmal AF, whereas APPLE scores were more suitable for the prediction of paroxysmal AF recurrence. 

Table 6 Univariate and Multivariate Cox Regression Analysis for Predicting Recurrence in Patients with 
Paroxysmal AF

Parameters UV MV Model 1 MV Model 2

HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value

Age 1.03 (1.01–1.06) 0.011
Female sex 2.48 (1.39–4.40) 0.002 1.09 (1.15–3.79) 0.015

BMI 0.94 (0.86–1.02) 0.123

AF duration 1.00 (0.99–1.01) 0.664
Hypertension 1.08 (0.65–1.80) 0.768

Diabetes mellitus 1.20 (0.67–2.15) 0.539

CHD 1.21 (0.61–2.39) 0.583
CHF 1.45 (0.62–3.38) 0.391

Previous stroke 3.00 (1.28–7.02) 0.011 3.40 (1.43–8.11) 0.006

PAD 3.20 (1.36–7.48) 0.008 2.88 (1.17–7.10) 0.022
BNP 1.00 (0.99–1.00) 0.323

eGFR 0.98 (0.97–0.99) <0.001 0.98 (0.97–0.99) 0.020

LAD 1.11 (1.05–1.16) <0.001 1.08 (1.03–1.14) 0.002
LVEF 1.01 (0.94–1.08) 0.810

Antiarrhythmic drugs 0.51 (0.28–0.92) 0.026 0.64 (0.35–1.15) 0.136 0.67 (0.36–1.26) 0.220

PLR 1.00 (1.00–1.01) 0.010 1.00 (0.99–1.01) 0.156 1.00 (0.99–1.01) 0.363
APPLE score 2.16 (1.63–2.86) <0.001 1.89 (1.37–2.60) <0.001

CHA2DS2-VASc score 1.34 (1.15–1.56) <0.001 1.19 (1.00–1.40) 0.047

Abbreviations: AF, atrial fibrillation; BMI, body mass index; CHD, coronary heart disease; CHF, chronic heart failure; PAD, peripheral artery 
disease; COPD, chronic obstructive pulmonary disease; SBP, systolic blood pressure; HR, heart rate; FBG, fasting blood-glucose; BNP, brain 
natriuretic peptide; eGFR, Estimated glomerular filtration rate; BUA, blood uric acid; Alb, albumin; LAD, left atrial diameter; LVED, left 
ventricular end diastolic diameter; LVEF, left ventricular ejection fraction; PLR, platelet to lymphocyte ratio.

Figure 5 ROC curve analysis of the APPLE score to predict recurrence in patients with paroxysmal atrial fibrillation. The area under the curve (AUC) of the APPLE score 
for predicting recurrence was 0.711 (95% CI, 0.656 to 0.762; P < 0.001). 
Abbreviation: ROC, receiver operating characteristic.
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Consistent with these results, previous studies have demonstrated that the APPLE score is superior to the CHA2DS2- 
VASc score in predicting AF recurrence after single and repeat ablation.8,24 Interestingly, the APPLE score also 
performed better than the CHA2DS2-VASc score in predicting recurrence after repeat ablation.25 Notably, our study 
identified that sex can enhance the predictive value of the APPLE score in paroxysmal AF. Although the APPLE score 
can be widely applied in clinical settings, the absence of an inflammatory component limits its application.

Our study has some limitations. First, this was a retrospective analysis with a small sample size from a single centre; 
external validation should be performed to exclude selection bias. Second, the PLR was calculated using quantitative 
platelet and lymphocyte numbers at admission; the same type of data should be recorded at discharge to provide time- 
dependent variables. Third, the mean follow-up period was approximately one year, and the primary endpoint was AF 
recurrence. A longer follow-up period and additional secondary endpoints are needed to determine the predictive value of 
the PLR for long-term prognosis.

Conclusion
The preoperative PLR was associated with AF recurrence after radiofrequency ablation in patients with nonparoxysmal 
AF but not in those with paroxysmal AF. The APPLE and CHA2DS2-VASc risk scores for AF recurrence after 
radiofrequency ablation were mainly relevant for patients with paroxysmal AF. Therefore, for the prediction of AF 
recurrence after radiofrequency ablation, the addition of the PLR to the risk score should be considered for patients with 
unknown types of AF. LAD combined with PLR should be considered for patients with nonparoxysmal AF, and the risk 
score alone can be used for paroxysmal AF.

Abbreviations
AF, atrial fibrillation; AUC, area under the curve; BMI, body mass index; BNP, brain natriuretic peptide; CHD, coronary 
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