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Background: Serum creatinine and cystatin C levels are influenced by different non-renal factors. The difference between the 
estimated glomerular filtration rates (eGFRdiff) based on these two markers helps assess cardiovascular risk factors unrelated to kidney 
function. However, its impact on post-ablation atrial fibrillation (AF) recurrence remains unknown.
Methods: From July 2017 to February 2023, we prospectively observed 989 consecutive AF patients who underwent radiofrequency 
ablation. The association between eGFRdiff and post-ablation AF recurrence was analyzed using Kaplan-Meier methods, adjusted Cox 
regression analysis, and restricted cubic spline (RCS) analysis.
Results: During a median follow-up period of 29 months, 326 cases of AF recurrence were detected. Participants were divided into 
three groups based on eGFRdiff: high (≥ −9.22), medium (−20.98 to −9.22), and low (≤ −20.98). Multivariable Cox proportional 
hazards models revealed that, compared to the medium eGFRdiff group, individuals in the low eGFRdiff group (hazard ratio [HR] 
1.46, 95% confidence interval [CI] 1.08–1.94, p < 0.01) and the high eGFRdiff group (HR 1.69, 95% CI 1.27–2.27, p < 0.01) had 
a significantly increased risk of AF recurrence. RCS analysis demonstrated a U-shaped association between eGFRdiff and AF 
recurrence. Stratified analyses confirmed the robustness of the core findings across subgroups, except for females. Notably, the 
geriatric nutritional risk index and the derived neutrophil-to-lymphocyte ratio partially mediated the association between eGFRdiff and 
high AF recurrence by 5.7% and 10.7%, respectively.
Conclusion: eGFRdiff is related to individual nutritional and inflammatory statuses and can be used to predict the risk of AF 
recurrence. (Clinical trial registration number: ChiCTR-OIN-17013021).

Plain Language Summary: This study investigated the association between eGFRdiff and AF recurrence after ablation. eGFRdiff is 
calculated from two different markers in the blood (creatinine and cystatin C), which reflect both kidney health and other body 
conditions like nutrition and inflammation. We followed 989 patients who had AF and underwent ablation from July 2017 to 
February 2023. We found that eGFRdiff was much higher or lower, the risk of AF recurrence increased, forming a U-shaped curve. 
This pattern was consistent in most groups of patients, except for women who showed a different trend. Our findings suggest that both 
nutritional status and inflammation play roles in AF recurrence, but their impacts differ based on eGFRdiff levels. Poor nutrition was 
more significant at lower eGFRdiff levels, while inflammation was more crucial at higher levels. Interestingly, inflammation seemed to 
have a stronger impact on women. These insights emphasize the need to monitor and manage patients’ nutritional and inflammatory 
status to reduce the risk of AF recurrence, especially considering sex-specific factors. Future larger studies are needed to confirm these 
results and further refine treatment strategies. 
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Introduction
Atrial fibrillation (AF) is the most common sustained cardiac arrhythmia, contributing significantly to adverse events 
such as heart failure, stroke, and mortality.1 Catheter ablation has emerged as an effective treatment strategy for 
maintaining sinus rhythm in patients with symptomatic AF refractory to medical therapy.2 Despite advancements in 
ablation techniques, AF recurrence post-ablation remains a substantial clinical challenge, necessitating the identification 
of reliable predictors for recurrence.3,4

Serum creatinine and cystatin C are widely utilized biomarkers for estimating glomerular filtration rate, an essential 
indicator of renal function. However, these markers are influenced by different non-renal factors. Serum creatinine is 
affected by muscle mass, diet, and certain medications, whereas cystatin C levels are impacted by age, gender, 
inflammation, and thyroid function.5 Consequently, discrepancies between the estimated glomerular filtration rate derived 
from creatinine (eGFRcr) and cystatin C (eGFRcys) can provide insights into various physiological and pathological 
conditions beyond renal function. The difference between eGFR based on these two biomarkers (eGFRdiff) has been 
proposed as a novel metric to evaluate factors distinct from kidney function. There are often significant intra-individual 
differences between eGFRcys and eGFRcr. Malmgren et al5 highlighted the risk of potentially overlooking patients with 
severe kidney disorders if relying solely on eGFRcr.

The co-occurrence of AF and kidney injury is linked to a higher rate of AF recurrence.6 Several studies have 
demonstrated that eGFRcys has a stronger association with AF incidence compared to eGFRcr.7,8 Additionally, previous 
studies have shown an association between eGFRdiff and cardiovascular risk,9–11 which are important predictors of poor 
prognosis following AF ablation. Therefore, this study aims to investigating the association between eGFRdiff and AF 
recurrence after radiofrequency ablation, while also examining whether nutritional and inflammatory statuses mediate 
this relationship.

Methods
Study Population
We prospectively and consecutively enrolled 989 patients diagnosed with AF who were hospitalized at the Third People’s 
Hospital of Chengdu (Sichuan, China) and underwent radiofrequency ablation from July 2017 to February 2023. The 
exclusion criteria were as follows: (1) age under 18 years; (2) history of cardiac surgery; (3) presence of left atrial 
appendage thrombosis or other absolute contraindications to ablation; (4) AF secondary to reversible or pathological 
factors such as hyperthyroidism, acute alcoholism, electrolyte disturbances, drug effects or severe valvular heart disease; 
and (5) incomplete data on key variables, including cystatin C and creatinine levels. This study was approved by the 
ethics committees of the China Ethics Committee of Registering Clinical Trials (No. ChiECRCT-20170082) and 
conducted in strict accordance with the principles outlined in the Declaration of Helsinki. Informed consent was obtained 
from all participants.

Data Collection and Definitions
The pre-ablation characteristics, comprehensive medical histories, and imaging data of all patients were collected. 
Baseline serum samples were collected, and cystatin C and serum creatinine concentrations were measured before the 
ablation. The estimated glomerular filtration rate based on serum creatinine was calculated using the Chronic Kidney 
Disease Epidemiology Collaboration (CKD-EPI) 2009 equation with race coefficients.12 The estimated glomerular 
filtration rate based on cystatin C was calculated using the CKD-EPI 2012 equation.13 The primary indicator of interest 
was the baseline eGFRdiff, defined as eGFRcys minus eGFRcr.
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Ablation Strategy
All patients received anticoagulation therapy prior to ablation, and left atrial thrombosis was excluded using transoeso-
phageal echocardiography. Ablation procedures were performed under general anesthesia with the assistance of a three- 
dimensional imaging system (CARTO-3 system, Version 6) and continuous intraoperative monitoring of vital signs. 
Patients with paroxysmal AF underwent circumferential ablation around the pulmonary veins, with verification of 
conduction block between the pulmonary veins and the atrium. In patients with persistent AF, additional left atrial 
ablation beyond pulmonary vein isolation was permitted. Ablation of the cavotricuspid isthmus was conducted only in 
patients with documented typical atrial flutter.

Assessment of Endpoints
All patients were prescribed antiarrhythmic drugs for 3 months unless contraindicated. Follow-up visits were scheduled 
at 3, 6, and 12 months post-procedure, conducted by outpatient physicians who were blinded to the study design. During 
these visits, patients underwent 24-hour Holter electrocardiogram monitoring and were asked about any arrhythmia- 
related symptoms. In subsequent phases, clinical visits were scheduled every 6 months, with annual 24-hour Holter 
monitoring. Patients who experienced symptoms suggestive of arrhythmia were advised to undergo 24-hour Holter 
monitoring at the nearest hospital. The primary endpoint was AF recurrence, defined as the occurrence of at least 
30 seconds of atrial tachyarrhythmia detected on an electrocardiogram or Holter monitoring after a single procedure, 
excluding events occurring within the blanking period (the first 3 months post-procedure).

Statistical Analysis
The baseline characteristics are presented as the mean and standard deviation for continuous variables and as numbers 
and percentages for categorical variables across different subgroups stratified by tertiles of the eGFRdiff. Multivariate 
Cox proportional hazards regression models, adjusted for potential confounders, were used to estimate hazard ratios for 
AF recurrence associated with eGFRdiff. Restricted cubic spline curves based on Cox proportional hazards models were 
employed to examine the nonlinear or irregular shapes of the hazard functions, with knots between 3 and 7 selected as the 
lowest value for the Akaike information criterion. Kaplan–Meier curves for event-free patients in the different groups 
were plotted and compared using the Log rank test.

Given that eGFRdiff is largely determined by cystatin C and creatinine concentrations, and these variables are highly 
correlated with eGFRdiff, we adjusted for cystatin C and creatinine concentrations to better capture the associations 
between eGFRdiff and the risk of recurrence. Additionally, several subgroup analyses were conducted to explore whether 
the associations between eGFRdiff and the risk of recurrence remained consistent across patients with diverse demo-
graphic characteristics or comorbidities. Considering that inflammation and nutritional status can differently affect 
creatinine and cystatin C levels and are independent risk factors for AF recurrence, the Geriatric Nutritional Risk 
Index (GNRI) and derived Neutrophil-to-Lymphocyte Ratio (dNLR) were used for further mediation analysis to 
investigate whether these factors mediate the association between eGFRdiff and post-ablation recurrence risk.

Statistical analyses were performed using R (version 4.3.1; R Foundation, Vienna, Austria) and SPSS (version 29.0; 
IBM, Armonk, New York). A value of P less than 0.05 (two-tailed) was considered to indicate statistical significance.

Results
Baseline Characteristics of the Study Cohort
Table 1 shows the baseline characteristics of 989 participants. The mean participant age was 65.7 years at baseline; 
49.2% (487/989) were female. During a median followup period of 29 months (interquartile range: 18 to 43 months), AF 
recurrence was detected in 326 participants (33.0%). Based on the tertiles of eGFRdiff, patients were divided into three 
groups: T1 (eGFRdiff ≤-20.98), T2 (−20.98< eGFRdiff ≤-9.22) and T3 (eGFRdiff>-9.22). Baseline characteristics of the 
study population by eGFRdiff tertiles are presented in Table 2. Patients in the T2 group were older, had a higher 
proportion of females, and exhibited higher left ventricular ejection fraction and APPLE scores. The APPLE score, 
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a predictive model for AF recurrence, showed a decreasing trend across the three groups, indicating that the probability 
of AF recurrence, as inferred from common combined risk factors, gradually decreased.

Association Between the eGFRdiff and Post-Ablation AF Recurrence
Interestingly, the Kaplan-Meier survival analysis results showed that the T2 group had a lower long-term AF recurrence 
rate compared to the T1 and T3 groups (Figure 1). Compared with T2 group, the multivariable adjusted hazard ratio for 

Table 1 Baseline Characteristics of the Study Cohort

Parameters All Patients (n=989)

Demographics
Age, years 65.7±10.6

Female sex, n (%) 487 (49.2)

Body-mass index, kg/m2 24.7±3.4
Current Smoker, n (%) 140 (14.2)

Alcohol consumption, n (%) 125 (12.6)

Duration after AF diagnosis, days 453 (90, 1556)
Persistent atrial fibrillation, n (%) 450 (45.5)

Previous medical history, n (%)
Hypertension 548 (55.4)

Diabetes mellitus 204 (20.6)

Vascular disease 142 (14.4)
Heart failure 165 (16.7)

Previous stroke 69 (7.0)

Dyslipidemia 199 (20.1)
Chronic obstructive pulmonary disease 36 (3.6)

Laboratory data

Fasting blood glucose, mmol/L 5.5±1.5
Brain natriuretic peptide, pg/mL 111 (66, 235)

Creatinine, umol/L 76.8±20.6

Cystatin C, mg/L 1.10±0.31
Albumin, g/dl 39.8±4.5

Cholesterol, mmol/L 4.21±1.02

Triglyceride, mmol/L 1.45±0.89
Imaging

Left atrial diameter, mm 41.4±5.6

Left ventricular end diastolic diameter, mm 45.9±4.8
Left ventricular ejection fraction, % 59.3±5.6

Medication at discharge, n (%)

New oral anticoagulants 814 (82.3)
Vitamin K antagonist oral anticoagulant 138 (14.0)

Class III antiarrhythmic drugs 686 (69.4)

Beta blocker 158 (16.0)
Calcium channel blocker 40 (4.0)

CHA2DS2-VASc score 2.53±1.66

APPLE score 1.62±1.07
eGFRCys 71.5±20.2

eGFRcr 86.5±17.2

eGFRdiff −15.0±14.2

Notes: Vascular disease, denotes peripheral artery disease or coronary heart disease; 
APPLE score, calculated by age >65 years, Persistent atrial fibrillation, eGFRcr <60 mL/ 
min/1.73 m2, Left atrial diameter ≥43mm, and Left ventricular ejection fraction <50%; 
eGFRdiff, eGFRcys-GFRcr. Data are presented as the mean ± SD, median (IQR), or n (%). 
Abbreviations: AF, atrial fibrillation; eGFRcys, estimated glomerular filtration rate 
based on cystatin C; eGFRcr, estimated glomerular filtration rate based on creatinine.
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AF recurrence was 1.46 (95% confidence interval [CI] 1.08 to 1.94) for T1 group and 1.69 (95% CI 1.27 to 2.27) for T3 
group (Table 3). Univariate Cox proportional hazards models demonstrated U-shaped associations between eGFRdiff and 
the risk of AF recurrence (P < 0.001) (Figure 2). After fully adjusting for potential confounders influencing AF 
recurrence, the results consistently showed a statistically significant U-shaped association between eGFRdiff and the 
risk of experiencing AF recurrence (P<0.001) (Figure 3).

Table 2 Baseline Characteristics of the Study Population by eGFRdiff Tertiles

Parameters T1 (n=329) T2 (n=330) T3 (n=330) P value

Demographics
Age, years 66.5±10.7 67.3±9.6 63.4±11.0 <0.001

Female sex, n (%) 138 (41.9) 176 (53.3) 173 (52.4) 0.005

Body-mass index, kg/m2 24.7±3.3 24.8±3.5 24.5±3.2 0.673
Current Smoker, n (%) 56 (17.0) 39 (11.8) 45 (13.6) 0.151

Alcohol consumption, n (%) 51 (15.5) 31 (9.3) 43 (13.0) 0.060

Duration after AF diagnosis, days 450 (92, 1609) 435 (90, 1578) 495 (92, 1470) 0.935
Persistent atrial fibrillation, n (%) 166 (50.4) 144 (43.6) 140 (42.4) 0.083

Previous medical history, n (%)
Hypertension 198 (60.2) 178 (53.9) 172 (52.1) 0.092

Diabetes mellitus 68 (20.7) 66 (20.0) 70 (21.2) 0.928

Vascular disease 46 (14.0) 51 (15.5) 45 (13.6) 0.779
Heart failure 68 (20.7) 46 (13.9) 51 (15.5) 0.052

Previous stroke 25 (7.6) 23 (7.0) 21 (6.4) 0.824

Dyslipidemia 66 (20.1) 75 (22.7) 58 (17.6) 0.256
Chronic obstructive pulmonary disease 13 (4.0) 16 (4.8) 7 (2.1) 0.162

Laboratory data

Fasting blood glucose, mmol/L 5.4±1.2 5.6±1.7 5.6±1.4 0.231
Brain natriuretic peptide, pg/mL 160 (84, 311) 108 (67, 237) 108 (60, 210) 0.391

Creatinine, umol/L 71.9±13.8 78.3±20.0 80.2±25.5 <0.001

Cystatin C, mg/L 1.21±0.24 1.12±0.31 0.96±0.32 <0.001
Albumin, g/dl 39.4±3.8 40.0±4.1 39.9±5.3 0.165

Cholesterol, mmol/L 4.16±1.02 4.31±1.06 4.17±0.99 0.105

Triglyceride, mmol/L 1.47±0.96 1.44±0.81 1.44±0.91 0.899
Imaging

Left atrial diameter, mm 42.0±5.5 41.1±5.5 41.0±5.8 0.055

Left ventricular end diastolic diameter, mm 46.2±5.0 45.4±4.6 46.2±4.8 0.110
Left ventricular ejection fraction, % 58.8±5.9 60.0±5.0 59.3±5.6 0.020

Medication at discharge, n (%)

New oral anticoagulants 264 (80.2) 279 (84.5) 271 (82.1) 0.349
Vitamin K antagonist oral anticoagulant 49 (14.9) 42 (12.7) 47 (14.2) 0.712

Class III antiarrhythmic drugs 232 (70.5) 228 (69.1) 226 (68.5) 0.845

Beta blocker 51 (15.5) 50 (15.2) 57 (17.3) 0.728
Calcium channel blocker 11 (3.3) 13 (3.9) 16 (4.8) 0.614

CHA2DS2-VASc score 2.61±1.64 2.62±1.64 2.35±1.68 0.062

APPLE score 1.67±1.05 1.70±1.05 1.49±1.11 0.022
eGFRCys 61.1±13.8 68.5±16.8 84.7±21.5 <0.001

eGFRcr 91.3±13.2 83.6±17.0 84.5±19.8 <0.001

eGFRdiff −30.2±7.4 −15.1±3.5 0.28±8.3 <0.001

Notes: The eGFRdiff groups were stratified by the tertiles of the eGFRdiff: T1 (eGFRdiff ≤ −20.98), T2 (−20.98 < eGFRdiff ≤ −9.22) 
and T3 (eGFRdiff > −9.22). Vascular disease, denotes peripheral artery disease or coronary heart disease; APPLE score, calculated 
by age >65 years, Persistent AF, eGFRcr <60 mL/min/1.73 m2, Left atrial diameter ≥43mm, and Left ventricular ejection fraction 
<50%; eGFR ratio, eGFRdiff, eGFRcys-GFRcr. Data are presented as the mean ± SD, median (IQR), or n (%). 
Abbreviations: AF, atrial fibrillation; eGFRcys, estimated glomerular filtration rate based on cystatin C; eGFRcr, estimated 
glomerular filtration rate based on creatinine.
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The inflection point (cut-off value) of the U-shaped curve indicating the lowest risk of AF recurrence was identified 
as an eGFRdiff of −17.892 after full adjustment for confounding factors. The curve indicated that the risk of AF 
recurrence was significantly reduced for individuals with an eGFRdiff in the lower range, and it increased thereafter. 
After full adjustment for all covariates, additional adjustments were made for creatinine and cystatin C. The eGFRdiff 
showed a consistent association with the risk of AF recurrence after further adjusting for creatinine (Figure 4A), cystatin 
C (Figure 4B), and both creatinine and cystatin C (Figure 4C).

Figure 1 Kaplan-Meier curves for AF recurrence-free survival across different tertiles of eGFRdiff (T1, T2, and T3 groups). The Log rank test was used for comparison, 
showing that T2 group had a lower long-term AF recurrence rate compared to T1 and T3 groups. 
Abbreviation: AF, atrial fibrillation.

Table 3 Hazard Ratios for AF Recurrence by eGFRdiff Tertiles

Tertiles of 
eGFRdiff

Recurrence,  
No./Total No.

Hazard Ratio (95% CI)

Model 1 Model 2 Model 3 Model 4

T1 119/329 1.41 (1.07 to 1.87) 1.48 (1.12 to 1.97) 1.46 (1.09 to 1.95) 1.46 (1.08 to 1.94)

T2 84/330 1 (reference) 1 (reference) 1 (reference) 1 (reference)

T3 123/330 1.61 (1.22 to 2.13) 1.79 (1.34 to 2.38) 1.72 (1.29 to 2.30) 1.69 (1.27 to 2.27)

Notes: The eGFRdiff groups were stratified by the tertiles of the eGFRdiff: T1 (eGFRdiff ≤ −20.98), T2 (−20.98 < eGFRdiff ≤ −9.22) and T3 
(eGFRdiff > −9.22). Model 1: Cox proportional hazards model without adjustment; Model 2: Model 1 with adjustment for age, sex and body 
mass index; Model 3: Model 2 with additional adjustment for comorbidities (hypertension, diabetes, vascular disease, heart failure, previous 
stroke, dyslipidemia and chronic obstructive pulmonary disease); Model 4: Model 3 with additional adjustment for laboratory measurements 
(brain natriuretic peptide, fasting blood glucose, triglyceride and cholesterol), imaging parameters (left atrial diameter and ejection fraction), 
AF type, antiarrhythmic drugs, oral anticoagulants and duration after atrial fibrillation diagnosis. Vascular disease, denotes peripheral artery 
disease or coronary heart disease. 
Abbreviation: AF, atrial fibrillation.
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Association Between the eGFRdiff and Post-Ablation AF Recurrence in Various 
Subgroups
According to our subgroup analysis, a strong U-shaped association between eGFRdiff and the risk of experiencing AF 
recurrence was observed in men. In women, although eGFRdiff was significantly associated with the risk of experiencing 
AF recurrence, a positive linear association was found (Figure 5A). Additionally, U-shaped associations between 
eGFRdiff and the risk of AF recurrence were observed among participants aged ≥65 years, aged <65 years, with a left 
atrial diameter <43 mm, and with a left atrial diameter ≥43 mm (Figure 5B and C). We also examined the associations 
stratified by high blood pressure (Figure 6A), diabetes (Figure 6B), and BMI level (Figure 6C). A similar U-shaped or 
J-shaped association between eGFRdiff and the risk of AF recurrence was observed across all six subgroups. Notably, 
a stronger U-shaped association between eGFRdiff and the risk of AF recurrence was found in patients without high 
blood pressure and with a BMI <25 kg/m², compared to those with high blood pressure and a higher BMI.

Mediation Analysis of eGFRdiff for Post-Ablation AF Recurrence
When eGFRdiff is in the lower range (< −17.892), mediation analyses revealed a total effect of GNRI on AF recurrence 
of −0.018 (95% CI, −0.018 to −0.017; P < 0.001), which includes a direct effect of 0.0085 (95% CI, −0.017 to −0.017; 
P < 0.001) (Figure 7A). GNRI exhibited a significant negative indirect effect on AF recurrence, with an estimated 
mediated effect proportion of 5.7% (95% CI, 1.7% to 10.0%; P < 0.05). Additionally, when eGFRdiff is in the higher 
range (≥ −17.892), the total effect of dNLR on AF recurrence was 0.028 (95% CI, 0.025 to 0.030; P < 0.001), and the 
direct effect was 0.025 (95% CI, 0.025 to 0.025; P < 0.001) (Figure 7B). dNLR significantly mediated the positive 
association between eGFRdiff and AF recurrence, with an estimated mediated effect proportion of 10.7% (95% CI, 2.1% 
to 20.0%; P < 0.05).

Figure 2 Restricted cubic spline plots based on univariate Cox proportional hazards models for the associations between the eGFRdiff and the risk of AF recurrence. The 
results are presented as hazard ratios (HRs, solid lines) and 95% confidence intervals (CIs, light red areas). The knots were set at the 10th, 50th, and 90th percentiles of the 
eGFRdiff. The histograms represent the distribution of the eGFRdiff in our study. 
Abbreviation: AF, atrial fibrillation.
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Discussion
In this study, we found a U-shaped association between preoperative eGFRdiff and post-ablation AF recurrence. 
Specifically, the recurrence rate was lowest when eGFRdiff was −17.892; higher or lower eGFRdiff values were associated 
with an increased risk of AF recurrence. This association was confirmed across multiple subgroup analyses, demonstrating 
stability except in women, where a positive linear relationship was observed. These findings also suggest that managing 
nutritional and inflammatory factors may be important when selecting and managing patients undergoing AF ablation.

Association Between eGFRdiff and AF Recurrence
Estimated GFR based on serum creatinine is often imprecise, prompting the consideration of cystatin C as a viable 
alternative. Subsequent studies demonstrated that formulas combining both biomarkers perform better than those using 
either marker alone.13,14 Scholars have noted that the estimated GFR difference shows significant predictive value in 
a variety of diseases, and has been used not only to assess renal function, but also as a marker of overall health and 
frailty.15–17 Based on these characteristics, it has attracted attention in the field of cardiovascular disease and has been 
shown to be associated with poor prognosis of heart failure,18 coronary atherosclerosis,19 and mortality.20 Recently, 
a large prospective cohort study suggested that the eGFRdiff value is associated with the risk of AF developing.21

Therefore, this study further explored the relationship between eGFRdiff and AF recurrence after radiofrequency 
ablation. The results showed that eGFRdiff was an independent predictor of AF recurrence and remained consistent even 
after adjusting for creatinine and cystatin C levels. eGFRdiff as the result of subtraction, factors that can affect eGFRcr or 
eGFRcys can affect eGFRdiff. Previous studies have reported that increasing age, decreased muscle mass, inflammation, 
and decreased physical activity can affect eGFRdiff.5,22 In conclusion, eGFRdiff, as a comprehensive health indicator 

Figure 3 Restricted cubic spline plots based on multivariate Cox proportional hazards models. The models were adjusted for sex, age, body mass index, AF type, duration 
from AF diagnosis to ablation, fasting blood glucose, triglyceride, cholesterol, brain natriuretic peptide, left ventricular ejection fraction, left atrial diameter, antiarrhythmic 
drugs, oral anticoagulants, high blood pressure, diabetes, and history of vascular disease, chronic obstructive pulmonary disease, congestive heart failure, stroke, and 
dyslipidaemia. The knots were set at the 10th, 50th, and 90th percentiles of the eGFRdiff. 
Abbreviation: AF, atrial fibrillation.
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reflecting the overall physiological and pathological status of patients, can be used as an independent predictor of AF 
recurrence.

Sex Differences in Association Between eGFRdiff and AF Recurrence
In this study, we identified significant sex differences in the association between eGFRdiff and the risk of AF recurrence. 
Specifically, a strong U-shaped association was observed in men, whereas a positive linear association was noted in 
women, with the overall population displaying a U-shaped trend. Several potential reasons may explain these findings. 
First, we observed that there is an inherent difference in eGFRdiff between male and female participants in our study. 
Second, physiological differences between the sexes could play a crucial role. For instance, some studies suggested that 
women are more susceptible to inflammation and fibrosis,23–25 which may further affect the sex-specific relationship 
between eGFRdiff and AF recurrence. Additionally, sex differences in muscle mass, fat distribution, and inflammatory 
response may have contributed to the different patterns observed between men and women. It is noteworthy that our 
population consisted mainly of older adults around 65 years of age with fewer comorbidities, some of whom were on 
medical therapy, and more complex patient populations may require further validation.

Influence of Nutritional and Inflammatory Status on AF Recurrence
Considering that eGFRdiff has been considered as a comprehensive indicator reflecting non-renal functions, its precise 
clinical significance has been challenging to define, necessitating an expansion of its clinical understanding. Based on 

Figure 4 Association between eGFRdiff and AF recurrence after additional adjustment for (A) Creatinine, (B) Cystatin C and (C) Both creatinine and cystatin C. The results are 
presented as hazard ratios (HRs, solid lines) and 95% confidence intervals (CIs, light red areas). The knots were set at the 10th, 50th, and 90th percentiles of the eGFRdiff. 
Abbreviation: AF, atrial fibrillation.
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prior literature, we introduced nutritional and inflammatory status into our analysis. Our study found that both 
inflammation and poor nutritional status are associated with a higher AF recurrence rate. Inflammation is widely 
acknowledged as the pathophysiological foundation for the initiation, progression, and maintenance of AF.26 It may 
enhance the ectopic activity associated with triggering,27 and has been shown to be associated with AF recurrence.28 

Furui et al29 demonstrated that malnourished patients have a higher recurrence rate of AF after catheter ablation 
compared to those with normal nutritional status. Additionally, our prior research indicated that low hemoglobin levels, 
closely linked to poor nutritional status, can influence AF recurrence by inducing atrial remodeling.30

Moreover, our results suggest that the impact of nutritional status on AF recurrence is more pronounced when 
eGFRdiff is in the lower range, whereas inflammation may play a more critical role when eGFRdiff is in the higher 

Figure 5 Subgroup analysis of the association between eGFRdiff and the risk of AF recurrence. A U-shaped association in (A) Men and participants (B) Aged both ≥65 years 
and <65 years, as well as in those with a (C) Left atrial diameter <43 mm and ≥43 mm, while a positive linear association was found in (A) women. The results are presented 
as hazard ratios (HRs, solid lines) and 95% confidence intervals (CIs, light red areas) after multivariate adjustment for all confounders. 
Abbreviation: AF, atrial fibrillation.
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range. In summary, mediation analysis establishes a link between eGFRdiff and the increased risk of AF recurrence, but 
this relationship should be interpreted with caution.

Limitations
First, as with any observational study, we cannot establish causality, and the predominantly single-center sample may 
limit the generalizability of our findings. Therefore, our results should be interpreted with caution within the context of 
our study population, and further validation in more diverse populations is necessary. Next, the eGFRdiff is derived from 
secondary calculations, and its clinical significance is limited, which may lead to interpretations that are not entirely 
robust. Finally, while mediation analysis suggests that eGFRdiff could be associated with inflammatory nutritional status, 
further biological testing is required to understand the pathophysiological changes in different populations.

Figure 6 Subgroup analysis of the association between eGFRdiff and the risk of AF recurrence stratified by (A) High blood pressure status, (B) Diabetes status, and (C) BMI 
level. The results show a stronger U-shaped association in patients without high blood pressure and with a BMI <25 kg/m², while a J-shaped association is observed in those 
with high blood pressure and BMI ≥25 kg/m². 
Abbreviations: AF, atrial fibrillation; BMI, Body Mass Index.
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Conclusion
This study identified eGFRdiff as an independent risk factor for AF recurrence after radiofrequency ablation. A U-shaped 
association was observed, indicating that both elevated and reduced eGFRdiff values were associated with a higher risk 
of AF recurrence. Additionally, the study suggested that eGFRdiff might contribute to AF recurrence by affecting 
inflammatory and nutritional status.

Abbreviations
AF, atrial fibrillation; CI, confidence interval; dNLR, derived Neutrophil-to-Lymphocyte Ratio; GNRI, Geriatric 
Nutritional Risk Index; eGFRcr, estimated glomerular filtration rate based on creatinine; eGFRcys, estimated glomerular 
filtration rate based on cystatin C; eGFRdiff, the difference between the estimated glomerular filtration rates.
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Figure 7 Mediation analysis of GNRI and dNLR on the association between eGFRdiff and AF recurrence. (A) When eGFRdiff is in the lower range (< −17.892). GNRI 
exhibited a significant negative indirect effect on AF recurrence, (B) when eGFRdiff is in the higher range (≥ −17.892). dNLR significantly mediated the positive association 
between eGFRdiff and AF recurrence. 
Abbreviations: AF, atrial fibrillation; GNRI, Geriatric Nutritional Risk Index; dNLR, derived Neutrophil-to-Lymphocyte Ratio.
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