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Background: Insulin resistance (IR) plays a significant role in the onset and progression of atrial fibrillation (AF). The single-point
insulin sensitivity estimator (SPISE) index is a novel marker for assessing IR. This study aims to investigate the association between
the SPISE index and the recurrence of AF following radiofrequency ablation (RFA) in elderly patients.

Methods: A total of 529 elderly patients (aged 65 and above) with AF who underwent RFA treatment were included in the study. The
Cox proportional hazards model was employed to assess the association between the SPISE index and AF recurrence after RFA.
Within this framework, a restricted cubic spline (RCS) was used to evaluate the nonlinear relationship between SPISE index and AF
recurrence. Kaplan-Meier survival analysis was conducted to compare AF recurrence rates among different groups. Additionally,
subgroup analyses were performed to assess the heterogeneity of these effects. Receiver operating characteristic (ROC) curve analysis
was employed to evaluate the predictive value of the SPISE index for AF recurrence.

Results: After follow-up, a total of 175 patients (33.1%) experienced recurrence. In the fully adjusted Cox proportional hazards
model, SPISE index was significantly associated with AF recurrence (HR = 0.661, P < 0.001). The RCS analysis indicated a negative,
nonlinear relationship between the SPISE index and the recurrence of AF. In the subgroups defined by early recurrence, AF type,
gender, hypertension, diabetes, and coronary heart disease, the association between the SPISE index and AF recurrence remained
consistent. Kaplan-Meier survival analysis revealed significant differences in recurrence rates among patients with varying SPISE
index levels. Specifically, a higher SPISE index was associated with a lower cumulative incidence of AF recurrence.

Conclusion: A higher SPISE index is associated with a reduced risk of recurrence after RFA in elderly patients with AF.
Keywords: SPISE index, atrial fibrillation, radiofrequency ablation, recurrence

Introduction

The 2019 Global Burden of Disease Study revealed that approximately 59.7 million people worldwide had atrial
fibrillation (AF), representing a significant increase compared to data from before 2010." The prevalence and incidence
of AF gradually increase with age, with higher rates observed in men than in women across all age groups.” The results
of the cross-sectional survey indicated that, after adjusting for age, the prevalence of AF was 0.74% in men and 0.72% in
women. Among individuals over 60 years old, the prevalence rates were 1.83% for men and 1.92% for women,
respectively.” Whether it is paroxysmal or persistent AF, radiofrequency ablation (RFA) is recommended as the preferred
treatment option.* However, the recurrence rate after RFA remains relatively high, with approximately 30% to 40% of
patients experiencing AF recurrence following the initial ablation procedure.’
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Insulin resistance (IR) is a pathological condition characterized by a diminished response to insulin. It is a significant
precursor to diabetes, hypertension, metabolic syndrome, and cardiovascular metabolic risks. Previous studies have
demonstrated that alternative markers of IR can predict the recurrence of AF after ablation.*” The single-point insulin
sensitivity estimator (SPISE) index has recently been introduced as an alternative marker for assessing IR. It incorporates
triglycerides (TG), high-density lipoprotein cholesterol (HDL-C), and body mass index (BMI). SPISE index is negatively
correlated with IR and outperforms existing indicators, such as the homeostasis model assessment of insulin resistance
(HOMA-IR) and the TG/HDL-C ratio, in predicting metabolic outcomes.®’ Studies have shown that a higher SPISE
index is associated with a reduced risk of cardiovascular disease in middle-aged and elderly individuals, highlighting its
value as a tool for assessing cardiovascular disease risk.' To date, research on the SPISE index has primarily focused on
metabolic syndrome, non-alcoholic fatty liver disease, and diabetes. However, there are few studies examining the
relationship between the SPISE index and AF recurrence. Therefore, this study aims to investigate the association
between the SPISE index and AF recurrence.

Materials and Methods

Study Population

This study included 529 elderly patients with AF. All patients underwent RFA treatment at Yantai Yuhuangding Hospital,
affiliated with Qingdao University, from December 2020 to December 2025. The diagnosis and classification of AF were
conducted in accordance with the 2024 European Society of Cardiology (ESC) guidelines.” The study was conducted in
accordance with the ethical principles of the Declaration of Helsinki. This study was approved by the Ethics Committee
of Yantai Yuhuangding Hospital, affiliated with Qingdao University (No. K2026-155). All patients signed informed
consent forms. All personal information has been encrypted. The research flowchart is shown in Figure 1.

Data Collection and Definition

The clinical data of the participants were obtained from the case database. Demographic information included age,
gender, BMI, AF duration, and CHA,DS,-VASc score. Comorbidities recorded were atrial flutter (AFL), hypertension,
diabetes, coronary heart disease (CHD), chronic heart failure (CHF), chronic obstructive pulmonary disease (COPD), and
ischemic stroke (IS). Laboratory indicators comprised leukocyte count, hemoglobin, platelets, neutrophils, monocytes,
lymphocytes, alanine aminotransferase (ALT), glucose, uric acid, albumin, creatinine, total cholesterol (TC), TG, low-
density lipoprotein cholesterol (LDL-C), HDL-C, and B-type brain natriuretic peptide (BNP). Imaging indicators
included left atrial diameter (LAD), left ventricular end-diastolic diameter (LVEDD), and left ventricular ejection fraction
(LVEF). The drug usage included Sodium-Glucose Cotransporter 2 inhibitor (SGLT-2 inhibitor) and Glucagon-Like
peptide-1 Receptor Agonist (GLP-1 RA). The neutrophil-to-lymphocyte ratio (NLR) was calculated as neutrophil count
(x10°/L) divided by lymphocyte count (x10%/L). BMI was calculated as weight (kg) divided by height (m) squared. The
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Figure | The flowchart of our research.
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SPISE index was calculated as 600 x HDL-C%'®> / (TG*? x BMI'*?*).” The SPISE index is categorized into tertiles as
follows: T1 < 5.25, 5.25 < T2 < 6.68, and T3 > 6.68.

Radiofrequency Ablation

All patients received anticoagulant therapy with rivaroxaban or dabigatran during the perioperative period. Prior to the
RFA, transesophageal echocardiography or enhanced computed tomography (CT) angiography of the left atrium was
performed to assess for left atrial thrombus. During catheter ablation, fentanyl was administered for pain relief and
midazolam for sedation. After two punctures of the femoral vein, atrial septal puncture was performed under X-ray
guidance. Immediately following the atrial septal puncture, systemic heparinization was initiated. Three-dimensional
electroanatomic mapping (CARTO3, Biosense Webster) was used to reconstruct the atrial geometry. The specific ablation
strategy can be found in our previous research.''

Follow-Up and Outcome

After ablation, all patients received oral anticoagulants for at least three months. If there were no contraindications, they
were also prescribed anti-arrhythmic drugs to prevent recurrence and scheduled for outpatient monitoring. The system-
based follow-up assessment included clinical evaluation and either a dynamic electrocardiogram or a standard electro-
cardiogram conducted quarterly (at 3, 6, 9, and 12 months). Recurrence was defined as AF, AFL, or atrial tachycardia
lasting more than 30 seconds after ablation. A recurrence occurring within three months was classified as an early
recurrence (ER).

Statistical Analysis
SPSS 27.0, GraphPad Prism 8.0, and Z Stats (https://www.medsta.cn/) were used for data analysis and visualization.

The sample size for the survival analysis was calculated using the Log rank test, assuming a hazard ratio of 0.6, 90%
power, two-sided a = 0.05, and 25% anticipated censoring. We required 162 events across both groups, corresponding
to a total sample size of 215 participants.'> Measurement data were assessed for normality using the Shapiro—Wilk test.
The results showed that all continuous variables were non-normally distributed. These data are reported as the median
with the first and third quartiles. Inter-group comparisons were performed using the Mann—Whitney U-test and the
Kruskal-Walk test. Categorical variables are presented as frequencies and percentages, with inter-group comparisons
conducted using the chi-square test or Fisher’s exact test. ROC curve analysis was employed to evaluate the predictive
value of the SPISE index for AF recurrence. We assessed the predictive value of the SPISE index in both paroxysmal
and persistent AF, as well as its predictive accuracy at 1, 3, and 5 years post-AF ablation. A multivariate Cox
regression model was used to examine the relationship between the SPISE index and AF recurrence. SPISE index
levels were categorized into quartiles and included in the multivariate Cox regression analysis. Model 1 was
unadjusted; Model 2 was adjusted for age, gender, hypertension, diabetes, CHD, and CHF; Model 3 included all
covariates in Model 2 plus CHA,DS,-VASc score, LAD, AF type, glucose, LVEF, NLR, cardioversion, and ER. In
Model 3, all independent variables were subjected to collinearity diagnostics. The results showed that the variance
inflation factor (VIF) values for all independent variables in the Cox regression model ranged from 1.04 to 1.89 (all
below 5), and the tolerance values ranged from 0.53 to 0.96 (all above 0.1), indicating no significant multicollinearity
among the variables. RCS were applied based on Models 1-3 to assess the nonlinear association between the SPISE
index and AF recurrence. Additionally, subgroup analyses were performed to evaluate the robustness of the SPISE
index-AF recurrence relationship in elderly patients, with stratification by gender, AF type, hypertension, diabetes,
CHD, CHF, and ER. Kaplan-Meier survival analysis was used to compare recurrence rates across groups with different
SPISE index levels. Survival analyses were also conducted within subgroups defined by ER, AF type, gender,
hypertension, diabetes, CHD, and CHF to compare the predictive value of the SPISE index for AF recurrence.
Spearman correlation analysis assessed associations between variables. The DeLong test was used to compare areas
under different ROC curves. A threshold analysis was conducted to evaluate the threshold effect of the SPISE index
and the association with recurrence. Statistical significance was set at P < 0.05 for all analyses.
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Results

Baseline Data of the Recurrence and Non-Recurrence Groups

There were significant differences between the recurrence and non-recurrence groups regarding AF type, BMI, diabetes,
CHF, glucose, albumin, HDL-C, triglycerides, leukocytes, neutrophils, monocytes, NLR, LAD, LVEEF, cardioversion, ER,
SGLT-2 inhibitors and GLP-1 RAs (all P < 0.05). The SPISE index level in the recurrence group was significantly lower

than that in the non-recurrence group (P < 0.001). See Table 1 and Figure 2.

Table | Comparison of Baseline Data Between the Recurrence Group and the Non-

Recurrence Group

Variables Total Recurrence Non-Recurrence | P-value
(n =529) (n=175) (n = 354)
Age (years) 70 (67, 74) 70 (67, 74) 70 (67, 74) 0.957
Gender (n, %) 0.866
Male 302 (57.1) 99 (56.6) 203 (57.3)
Female 227 (42.9) 76 (43.4) 151 (42.7)
AF type (n, %) <0.001
PAF 189 (35.7) 43 (24.6) 146 (41.2)
PerAF 340 (64.3) 132 (75.4) 208 (58.8)
BMI (kg/m?) 27.2 (23.9, 31.2) 29.9 (26.5, 32.8) 25.9 (23.1, 29.6) <0.001
AF duration (months) 20 (6, 60) 24 (6, 60) 20 (4, 60) 0.225
Comorbid diseases
Atrial flutter (n, %) 0.155
Yes 58 (11.0) 24 (13.7) 34 (9.6)
No 471 (89.0) 151 (86.3) 320 (90.4)
Hypertension (n, %) 0.361
Yes 342 (61.2) 112 (64.0) 212 (59.9)
No 205 (38.8) 63 (36.0) 142 (40.1)
DM (n, %) 0.004
Yes 118 (22.3) 52 (29.7) 66 (18.6)
No 411 (77.7) 123 (70.3) 288 (81.4)
CHD (n, %) 0.086
Yes 113 (21.4) 45 (25.7) 68 (19.2)
No 416 (78.6) 130 (74.3) 286 (80.8)
CHF (n, %) 0.001
Yes 77 (14.6) 38 (21.7) 39 (11.0)
No 452 (85.4) 137 (78.3) 315 (89.0)
COPD (n, %) 0.173
Yes 14 (2.6) 7 (4.0) 7 (2.0
No 515 (97.4) 168 (96.0) 347 (98.0)
Ischemic stroke (n, %) 0.631
Yes 75 (14.2) 23 (13.1) 52 (14.7)
No 454 (85.8) 152 (86.9) 302 (85.3)
CHA,DS,-VASc 32,4 3 (2,4 3(2,4) 0.083
(Continued)
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Table | (Continued).

Variables Total Recurrence Non-Recurrence | P-value
(n =529) (n=175) (n =354)

Laboratory indicators
ALT (U/L) 20.0 (15.0, 28.0) 21.0 (15.0, 30.0) 20.0 (15.0, 28.0) 0.677
Glucose (mmol/L) 5.56 (5.03, 6.53) 5.82 (5.15, 7.02) 5.47 (4.99, 6.31) 0.003
Uric acid (umol/L) 346.0 (291.5, 407.0) | 359.0 (292.0, 419.0) | 344.0 (290.2, 402.2) 0.426
Albumin (g/L) 40.3 (38.0, 42.3) 39.5 (37.2, 41.9) 40.6 (38.3, 42.3) 0.004
Creatinine (umol/L) 66.0 (57.0, 75.0) 69.0 (57.0, 78.0) 65.0 (56.0, 75.0) 0.150
TC (mmol/L) 4.41 (3.73, 5.32) 4.45 (3.64, 5.35) 4.34 (3.73, 5.31) 0.743
HDL-C (mmol/L) 1.25 (1.06, 1.46) 1.15 (1.02, 1.36) 1.28 (1.08, 1.52) <0.001
LDL-C (mmol/L) 2.71 (2.09, 3.41) 2.78 (2.11, 3.45) 2.66 (2.05, 3.38) 0.408
Triglyceride (mmol/L) 1.08 (0.81, 1.48) 1.29 (0.93, 1.61) 1.00 (0.76, 1.37) <0.001
BNP (pg/mL) 140.6 (70.1, 283.7) 139.3 (67.2, 281.3) 141.9 (71.1, 286.4) 0.897
Leukocyte (%10°/L) 6.37 (5.33,7.52) 6.79 (5.60, 8.18) 6.17 (5.16, 7.36) <0.001
Hemoglobin (% 10%/L) 145 (134, 156) 144 (133, 158) 145 (135, 155) 0.522
Platelets (x107/L) 205 (175, 245) 211 (179, 253) 202 (173, 242) 0.147
Neutrophil (x10%/L) 3.89 (3.07, 4.70) 4.20 (3.37, 5.50) 3.73 (2.96, 4.50) <0.001
Lymphocyte (x10%/L) 1.71 (1.39, 2.14) 1.69 (1.32, 2.09) 1.74 (1.43, 2.15) 0.328
Monocyte (%10°/L) 0.47 (0.38, 0.60) 0.49 (0.40, 0.63) 0.47 (0.37, 0.58) 0.009
SPISE index 5.89 (4.88,7.10) 5.14 (4.43, 5.94) 6.38 (5.32, 7.34) <0.001
NLR 2.21 (1.64, 3.05) 2.47 (1.80, 3.52) 2.10 (1.58, 2.74) <0.001
Imaging indicators
LAD (mm) 42.7 (40.0, 46.0) 44.0 (41.0, 48.3) 42.0 (39.0, 45.0) <0.001
LVEDD (mm) 46.0 (42.5, 49.1) 46.0 (42.4, 50.2) 45.8 (42.5, 49.0) 0.354
LVEF (mm) 63 (59, 67) 62 (58, 66) 63 (59, 67) 0.018
Ablation procedure
Left atrial roof (n, %) 0.148

Yes 125 (23.6) 48 (27.4) 77 (21.8)

No 404 (76.4) 127 (72.6) 277 (78.2)
LAAW (n, %) 0.426

Yes 47 (8.9) 18 (10.3) 29 (8.2)

No 482 (91.1) 157 (89.7) 325 (91.8)
LAWP (n, %) 0417

Yes 84 (15.9) 31 (17.7) 53 (15.0)

No 445 (84.1) 144 (82.3) 301 (85.0)

(Continued)
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Table | (Continued).

Variables Total Recurrence Non-Recurrence | P-value
(n = 529) (n=175) (n = 354)

Ml (n, %) 0.629
Yes 44 (8.3) 16 (9.1) 28 (7.9)
No 485 (91.7) 159 (90.9) 326 (92.1)

TI (n, %) 0.178
Yes 112 (21.2) 43 (24.6) 69 (19.5)
No 417 (78.8) 132 (75.4) 285 (80.5)

EIVOM (n, %) 0.627
Yes 18 (3.4) 5(2.9) 13 (3.7)
No 511 (96.6) 170 (97.1) 341 (96.3)

Cardioversion (n, %) 0.005
Yes 180 (34.0) 74 (42.3) 106 (29.9)
No 349 (66.0) 101 (57.7) 248 (70.1)

ER (n, %) <0.001
Yes 86 (16.3) 47 (26.9) 39 (11.0)
No 443 (83.7) 128 (73.1) 315 (89.0)

SGLT-2 inhibitor 79 (14.9) 18 (10.3) 61 (17.2) 0.035

GLP-1 RA 44 (8.3) 8 (4.6) 36 (10.2) 0.028

Abbreviations: AF, atrial fibrillation; PAF, paroxysmal atrial fibrillation; PerAF, persistent atrial fibrillation; BMI, body mass
index; DM, diabetes mellitus; CHD, coronary heart disease; CHF, chronic heart failure; COPD, chronic obstructive
pulmonary disease; ALT, alanine aminotransferase; TC, total cholesterol; HDL-C, high-density lipoprotein cholesterol;
LDL-C, low-density lipoprotein cholesterol; BNP, B-type natriuretic peptide; SPISE, single-point insulin sensitivity estimator;
NLR, neutrophil-to-lymphocyte ratio; LAD, left atrial diameter; LVEDD, left ventricular end-diastolic diameter; LVEF, left
ventricular ejection fraction; LAAW, left atrial anterior wall; LAPVY, Left atrial posterior wall; EIVOM, ethanol infusion into
the vein of Marshall; MI, Mitral isthmus; T, tricuspid isthmus; ER, early recurrence; GLP-1 RA, Glucagon-Like peptide-|
Receptor Agonist; SGLT-2 inhibitor, Sodium-Glucose Cotransporter 2 inhibitor.

Baseline Data Across Different SPISE Index Groups

There were significant differences among the various SPISE index groups regarding BMI, diabetes, ischemic stroke,
glucose, HDL-C, triglycerides, platelets, lymphocytes, LAD, recurrence, SGLT-2 inhibitors and GLP-1 RAs (all P <
0.05). See Table 2.

Relationship Between SPISE Index and Atrial Fibrillation Recurrence

After adjusting for all covariates-including age, gender, hypertension, diabetes, CHD, CHF, CHA,DS,-VASc score,
LAD, AF type, glucose, LVEF, NLR, cardioversion, and ER-we found that a higher SPISE index was associated with
a lower risk of AF recurrence in the elderly after RFA, demonstrating a negative correlation (HR = 0.661, 95% CI:
0.579-0.755, P < 0.001). Compared with the T3 group, participants in the T1 group had a higher AF recurrence rate (HR
=3.414, 95% CI: 2.181-5.344, P < 0.001). See Table 3.

The ROC curve demonstrated that the SPISE index had the highest predictive value for AF recurrence, with an area
under the curve (AUC) of 0.74 (95% CI: 0.70-0.79). One year after RFA, the predictive value of the SPISE index for AF
recurrence was an AUC of 0.84 (95% CI: 0.77-0.91), while the 3-year AUC was 0.75 (95% CI: 0.70-0.81). For
paroxysmal AF, the SPISE index had a predictive value of 0.75 (95% CI: 0.67-0.83), and for persistent AF, the AUC was
0.74 (95% CI: 0.68-0.79). The DeLong test indicated that the SPISE index had significantly better predictive value for

6 htps: Clinical Interventions in Aging 2026:21



Wang et al

A B
3%k %k %k 3%k %k k
157 | | 200
Tl
s
< 150- 12
Z i 2 .
o & S 100+
©]
5 -
ii% 50
0 T T 0 T T
@ 4 (4] 09
& & & &
& & & &
& <& & &
éeQ éo

Figure 2 Comparison of SPISE index between the recurrence group and the non-recurrence group (A) and distribution of patients across SPISE tertiles (T, T2, T3)
according to recurrence status (B). ***P < 0.001.

AF recurrence compared to the LAD (Z = 3.35, P < 0.001). Similarly, compared with the components (triglycerides,
HDL-C and BMI), the SPISE index had a better predictive value (Figure 3 and Table 4).
Based on Model 3, we found a nonlinear association between the SPISE index and the recurrence of AF (P for overall

< 0.001, P for nonlinear = 0.011) (Figure 4).

Table 2 Comparison of Basic Clinical Data Among Different SPISE Index Groups

Variables Tl (n=176) T2 (n=177) T3 (n=176) P-value
Age (years) 69 (66, 73) 71 (68, 74) 70 (67, 74) 0.146
Gender (n, %) 0.113
Male 91 (51.7) 111 (62.7) 100 (56.8)
Female 85 (48.3) 66 (37.3) 76 (43.2)
AF type (n, %) 0.098
PAF 52 (29.5) 71 (40.1) 66 (37.5)
PerAF 124 (70.5) 106 (59.9) 110 (62.5)
BMI (kg/m?) 32.4 (30.5, 33.6) 27.3 (254, 29.2) 22.8 (21.4, 24.5) <0.001
AF duration (months) 24 (6, 60) 24 (5, 60) 24 (5, 72) 0.338
Comorbid diseases
AFL (n, %) 0.571
Yes 22 (12.5) 16 (9.0) 20 (11.4)
No 154 (87.5) 161 (91.0) 156 (88.6)
Hypertension (n, %) 0.550
Yes 113 (64.2) 108 (61.0) 103 (58.5)
No 63 (35.8) 69 (39.0) 73 (41.5)
DM (n, %) 0.032
Yes 48 (27.3) 42 (23.7) 28 (15.9)
No 128 (72.7) 135 (76.3) 148 (84.1)
(Continued)
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Table 2 (Continued).

Variables Tl (n=176) T2 (n=177) T3 (n=176) P-value
CHD (n, %) 0.574

Yes 42 (23.9) 37 (20.9) 34 (19.3)

No 134 (76.1) 140 (79.1) 142 (80.7)

CHF (n, %) 0.338

Yes 28 (15.9) 29 (16.4) 20 (11.4)

No 148 (84.1) 148 (83.6) 156 (88.6)

COPD (n, %) 0.101

Yes 7 (4.0) 1 (0.6) 6 (3.4)

No 169 (96.0) 176 (99.4) 170 (96.6)

Ischemic stroke (n, %) 0.012

Yes 21 (11.9) 18 (10.2) 36 (20.5)

No 155 (88.1) 159 (89.8) 140 (79.5)
CHA,DS,-VASc 324 3(2,4) 324 0.482
Laboratory indicators
ALT (U/L) 20.0 (15.0, 29.0) 21.0 (15.0, 30.0) 19.5 (15.0, 27.0) 0.892
Glucose (mmol/L) 5.78 (5.22, 7.06) 5.56 (4.98, 6.32) 5.46 (4.98, 6.33) 0.019
Uric acid (umol/L) 348.5 (300.2, 420.2) | 345.0 (287.5, 407.5) | 346.0 (280.2, 401.5) 0.356
Albumin (g/L) 39.9 (38.1, 42.4) 39.8 (37.9, 42.2) 40.6 (38.1, 42.3) 0.591
Creatinine (umol/L) 65.0 (55.2, 75.0) 68.0 (59.0, 77.0) 65.0 (57.0, 75.0) 0.415
TC (mmol/L) 4.47 (3.77, 5.40) 4.43 (3.77, 5.23) 4.28 (3.62, 5.18) 0.063
HDL-C (mmol/L) 1.17 (1.02, 1.40) 1.26 (1.05, 1.45) 1.30 (1.12, 155) 0.002
LDL-C (mmol/L) 2.73 (222, 3.49) 2.75 (2.03, 3.35) 2.53 (1.96, 3.29) 0.067
Triglyceride (mmol/L) 1.30 (0.99, 1.66) 1.06 (0.79, 1.50) 0.94 (0.71, 1.21) <0.001
BNP (pg/mL) 136.1 (76.3, 258.6) 146.7 (74.4, 297.8) 142.2 (60.4, 274.9) 0.629
Leukocyte (%10%/L) 6.50 (5.31, 7.55) 6.17 (5.39, 7.52) 6.44 (5.24,7.51) 0418
Hemoglobin (% 10%/L) 144 (134, 158) 144 (134, 154) 146 (133, 155) 0914
Platelets (x107/L) 215 (182, 259) 200 (177, 154) 202 (165, 234) 0.018
Neutrophil (x10°/L) 3.94 (3.16, 4.68) 3.83 (2,97, 4.71) 3.95 (3.06, 4.70) 0.959
Lymphocyte (x10°/L) 1.83 (1.49, 2.24) 1.67 (1.40, 2.14) 1.62 (1.32, 2.08) 0.006
Monocyte (x10°/L) 0.45 (0.38, 0.60) 0.48 (0.39, 0.59) 0.47 (0.37, 0.61) 0.341
SPISE index 4.60 (4.29, 4.88) 5.89 (5.51, 6.25) 7.64 (7.09, 8.33) <0.001
NLR 2.11 (1.63, 2.75) 2.16 (1.60, 3.20) 231 (1.66, 6.25) 0.125
Imaging indicators
LAD (mm) 43.2 (40.0, 47.2) 42.9 (39.7, 46.5) 42.0 (39.0, 45.0) 0.044
LVEDD (mm) 45.0 (42.0, 49.0) 46.0 (42.7, 50.0) 46.0 (42.0, 49.0) 0.189
LVEF (mm) 63 (60, 66) 63 (59, 67) 63 (59, 67) 0.784

(Continued)
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Table 2 (Continued).

Variables TI (n=176) T2 (n=177) T3 (n=176) P-value

Ablation procedure

Left atrial roof (n, %) 0.742
Yes 45 (25.6) 41 (23.2) 39 (22.2)
No 131 (74.4) 136 (76.8) 137 (77.8)

LAAW (n, %) 0.533
Yes 15 (8.5) 19 (10.7) 13 (7.4)
No 161 (91.5) 158 (89.3) 163 (92.6)

LAWP (n, %) 0.281
Yes 27 (15.3) 34 (19.2) 23 (13.1)
No 149 (84.7) 143 (80.8) 153 (86.9)

Ml (n, %) 0.049
Yes 12 (6.8) 22 (12.4) 10 (5.7)
No 164 (93.2) 155 (87.6) 166 (94.3)

TI (n, %) 0.805
Yes 40 (22.7) 37 (20.9) 35 (19.9)
No 136 (77.3) 140 (79.1) 141 (80.1)

EIVOM (n, %) 0.502
Yes 8 (4.5) 6 (3.4) 4 (23)
No 168 (95.5) 171 (96.6) 172 (97.7)

Cardioversion (n, %) 0.298
Yes 65 (36.9) 63 (35.6) 52 (29.5)
No 111 (63.1) 114 (64.4) 124 (70.5)

ER (n, %) 0.909
Yes 30 (17.0) 29 (16.4) 27 (15.3)
No 146 (83.0) 148 (83.6) 149 (84.7)

Recurrence (n, %) <0.001
Yes 97 (55.1) 53 (29.9) 25 (14.2)
No 79 (44.9) 124 (70.1) 151 (85.8)

SGLT-2 inhibitor 12 (6.8) 31 (17.5) 36 (20.5) <0.001

GLP-1 RA 4 (2.3) 12 (6.8) 28 (15.9) <0.001

Abbreviations: AF, atrial fibrillation; PAF, paroxysmal atrial fibrillation; PerAF, persistent atrial fibrillation; BMI, body mass
index; DM, diabetes mellitus; CHD, coronary heart disease; CHF, chronic heart failure; COPD, chronic obstructive
pulmonary disease; ALT, alanine aminotransferase; TC, total cholesterol; HDL-C, high-density lipoprotein cholesterol;
LDL-C, low-density lipoprotein cholesterol; BNP, B-type natriuretic peptide; SPISE, single-point insulin sensitivity estimator;
NLR, neutrophil-to-lymphocyte ratio; LAD, left atrial diameter; LVEDD, left ventricular end-diastolic diameter; LVEF, left
ventricular ejection fraction; LAAW, left atrial anterior wall; LAPWY, Left atrial posterior wall; EIVOM, ethanol infusion into
the vein of Marshall; MI, Mitral isthmus; Tl, tricuspid isthmus; ER, early recurrence; GLP-1 RA, Glucagon-Like peptide-|
Receptor Agonist; SGLT-2 inhibitor; Sodium-Glucose Cotransporter 2 inhibitor.

Subgroup Analysis

We conducted a subgroup analysis to evaluate potential interaction factors between the SPISE index and the recurrence
of AF in elderly patients (Figure 5). We observed that this association remained consistent across various subgroups (all
P for interaction > 0.05), such as gender, ER, AF type, hypertension, diabetes and CHD. However, in elderly patients
with CHF, the SPISE index was not associated with the recurrence of AF (P > 0.05).
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Table 3 Multivariate Cox Regression Analysis Model

Variable Model | Model 2 Model 3

HR (95% CI) P-value HR (95% CI) P-value HR (95% CI) P-value
SPISE index Continuous | 0.622 (0.546-0.710) | <0.001 0.639 (0.559-0.730) | <0.001 0.661 (0.579-0.755) | <0.001
Quartile
T3 Ref Ref Ref
T2 2.172 (1.350-3.495) 0.001 2.023 (1.253-3.267) 0.004 2.110 (1.301-3.422) 0.002
TI 4.002 (2.578-6.214) | <0.001 3.625 (2.325-5.652) | <0.001 3414 (2.181-5.344) | <0.001

Notes: Model I: unadjusted; Model 2: adjusted for age, gender, hypertension, diabetes, coronary heart disease and chronic heart failure; Model 3:
adjusted for Model 2 plus CHA,DS,-VASc, LAD, AF type, glucose, LVEF, NLR, cardioversion and ER.
Abbreviations: SPISE, single-point insulin sensitivity estimator; AF, atrial fibrillation; LAD, left atrial diameter; LVEF, left ventricular ejection fraction;
NLR, neutrophil-to-lymphocyte ratio; ER, early recurrence; HR, hazard ratio; Cl, confidence interval.

Kaplan-Meier Survival Curve of the SPISE Index and Atrial Fibrillation Recurrence in
Different Subgroups

The Kaplan-Meier survival analysis revealed significant differences in the recurrence rates of AF among populations with
varying SPISE index levels. However, among patients with CHF, no significant difference in recurrence was observed
across different SPISE index levels (log-rank P = 0.762) (Figure 6).

Correlation Analysis of the SPISE Index
The Spearman correlation analysis revealed that SPISE was negatively correlated with LAD (r = —0.123, P = 0.005),
platelets (r = —0.134, P = 0.002), lymphocytes (r = —0.128, P = 0.003), and glucose (r = —0.113, P = 0.009) (Figure 7).

Threshold Analysis of SPISE Index and AF Recurrence

The standard linear regression model was first applied to explore the association between the independent variable and
the outcome. The overall effect size was 0.66 (95% CI: 0.58-0.76, P < 0.001). A two-piecewise linear regression model
was then used to fit the nonlinear relationship, identifying an inflection point at 4.55. Stratified analysis based on this
inflection point showed that for values less than 4.55, the effect size was 0.33 (95% CI: 0.12—0.92, P = 0.034); for values
greater than or equal to 4.55, the effect size increased to 0.71 (95% CI: 0.60-0.83, P < 0.001). The likelihood ratio test
yielded P = 0.317, suggesting that the two-piecewise model did not provide a significantly better fit than the standard
linear model (Table 5).

A B
100 100
— PAF — 1 years
80 PerAF 801 3 years
Z — Total — 3 years or more
= 60 ‘E 601
5 40- 5 40
) @
20 20
0 T T T T 0 T T T T
0 20 40 60 80 100 0 20 40 60 80 100

1-Specificity 1-Specificity

Figure 3 Receiver operating characteristic curve (ROC) for evaluating the predictive value of SPISE index for AF recurrence. ROC curves stratified by AF type (A); ROC
curves stratified by follow-up duration (B).
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Table 4 Receiver Operating Characteristic Curve of Risk Factors for AF Recurrence

Variable AUC (95% CI) | P-value | Sensitivity | Specificity | Cut-off
SPISE index 0.74 (0.70-0.79) | <0.001 0.71 0.66 5.74
BMI 0.69 (0.59-0.68) | <0.001 0.60 0.70 27.3
HDL-C 0.62 (0.57-0.67) | <0.001 0.60 0.60 1.23
TG 0.63 (0.58-0.68) | <0.001 0.64 0.59 1.17
LAD 0.63 (0.58-0.68) | <0.001 0.58 0.6l 43.0
NLR 0.60 (0.55-0.66) | <0.001 0.77 0.41 2.82
ER 0.58 (0.54-0.62) 0.003 0.89 0.27 -
AF type 0.58 (0.54-0.62) 0.002 0.41 0.75 -
Cardioversion 0.56 (0.52-0.61) 0.021 0.70 0.42 -
SPISE index | | years 0.84 (0.77-0.91) | <0.001 0.70 0.89 6.34
3 years 0.75 (0.70-0.81) | <0.001 0.55 0.84 6.32
3 years or more | 0.74 (0.70-0.79) | <0.001 0.71 0.66 5.74
Paroxysmal AF 0.75 (0.67-0.83) | <0.001 0.70 0.72 5.74
Persistent AF 0.74 (0.68-0.79) | <0.001 0.53 0.83 6.28
SPISE index vs BMI Z =443,P<0.00I, SE=0.0113
SPISE index vs HDL-C Z =379, P <0.00I, SE=0.0326
SPISE index vs TG Z =3.99, P <0.00I, SE = 0.0274
SPISE index vs LAD Z =3.35 P <0.00l, SE = 0.0347

Abbreviations: SPISE, single-point insulin sensitivity estimator; AF, atrial fibrillation; LAD, left atrial diameter; NLR,
neutrophil-to-lymphocyte ratio; ER, early recurrence; HDL-C, high-density lipoprotein cholesterol; BMI, body mass index;
TG, triglyceride; AUC, area under curve; Cl, confidence interval; SE, standard error.

Discussion
This study found that the SPISE index was negatively correlated with the recurrence of AF after RFA in elderly patients.
Furthermore, subgroup analysis revealed that, except for patients with CHF, this negative correlation remained consistent

A B C

Pheownl <0001
Pl nalicar=0011

SPISEindex SPE nder SPSE nder

Figure 4 The restricted cubic splines analysis between the SPISE index and AF recurrence. (A) Model |: unadjusted; (B) Model 2: adjusted for age, gender, hypertension,
diabetes, coronary heart disease and chronic heart failure; (C) Model 3: adjusted for Model 2 plus CHA,DS,-VASc, LAD, AF type, glucose, LVEF, NLR, cardioversion and ER.
Abbreviations: SPISE, single-point insulin sensitivity estimator; AF, atrial fibrillation; LAD, left atrial diameter; LVEF, left ventricular ejection fraction; NLR, neutrophil-to-
lymphocyte ratio; ER, early recurrence; HR, hazard ratio.
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Variables n (%) HR (95%Cl) P P for interaction
All patients 529 (100.00) —a— 0.62 (0.55-0.71) <.001
ER 0.177
No 443 (83.74) —a— 0.60 (0.51-0.70) <.001
Yes 86 (16.26) —— 0.72 (0.58-0.90) 0.005
AFtype 0.175
Paroxysmal 189 (35.73) —a— 0.56 (0.42-0.73) <.001
Persistent 340 (64.27) —a— 0.68 (0.59-0.79) <.001
Gender 0.365
Female 227 (42.91) —— 0.59 (0.48-0.72) <.001
Male 302 (57.09) _ 0.66 (0.55-0.78) <.001
Hypertension 0.616
No 205 (38.75) —a— 0.60 (0.48-0.75) <.001
Yes 324 (61.25) —— 0.64 (0.55-0.75) <.001
DM 0.142
No 411 (77.69) —a— 0.66 (0.57-0.77) <.001
Yes 118 (22.31) _ 0.53 (0.39-0.70) <.001
CHD 0.653
No 416 (78.64) —— 0.62 (0.53-0.72) <.001
Yes 113 (21.36) —a— 0.67 (0.52-0.86) 0.001
CHF 0.002
No 452 (85.44) —a— 0.57 (0.49-0.66) <.001
Yes 77 (14.56) - 0.95 (0.73-1.24) 0.731

0.2 04 06 12 15

0.8 1
Hazard Ratio (log10 scale)

Figure 5 Subgroup analysis of SPISE index with AF recurrence.
Abbreviations: AF, atrial fibrillation; PAF, paroxysmal atrial fibrillation; PerAF, persistent atrial fibrillation; DM, diabetes mellitus; CHD, coronary heart disease; CHF, chronic
cardiac failure; ER, early recurrence; HR, hazard ratio; Cl, confidence interval.

across most demographic groups. The results of the survival analysis also confirmed that, in various groups, patients with
a low SPISE index were more likely to experience AF recurrence.

RFA is a well-established treatment for AF that can improve quality of life and alleviate symptoms associated with
AF.* One year after ablation, the success rate for paroxysmal AF is approximately 70% to 90%, while for persistent AF, it
ranges from 65% to 75%."*'> Advancing age is the strongest independent risk factor for AF. However, identifying the
mechanisms by which aging promotes AF is challenging because many comorbidities-such as CHD, diabetes, valvular
disease, and heart failure-become more common and severe with age.' Studies have shown that the effectiveness of RFA

treatment for elderly patients with AF is no different from that for younger patients.'”'® However, because elderly
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Figure 6 Kaplan-Meier survival curve of SPISE index and AF recurrence in different subgroups. (A) the general population; (B 1) with ER and (B2) without ER; (C1) PAF and
(C2) PerAF; (D1) Male and (D2) Female; (EI) with hypertension and (E2) without hypertension; (FI) with DM and (F2) without DM; (G 1) with CHD and (G2) without
CHD; (HI) with CHF and (H2) without CHFE.

Abbreviations: SPISE, single-point insulin sensitivity estimator; AF, atrial fibrillation; PAF, paroxysmal atrial fibrillation; PerAF, persistent atrial fibrillation; DM, diabetes
mellitus; CHD, coronary heart disease; CHF, chronic cardiac failure; ER, early recurrence.
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Figure 7 Correlation analysis of the SPISE index.

patients have more comorbidities, the incidence of complications related to RFA is higher in this population.'® The
recurrence of AF after RFA in elderly patients is associated with frailty, LAD, and the type of AF (persistent AF). 2!

IR is a central mechanism underlying chronic metabolic diseases such as type 2 diabetes, obesity, metabolic
syndrome, and non-alcoholic fatty liver disease. It is characterized by a diminished or impaired cellular response to
insulin. IR has been confirmed to be associated with the development and pathogenesis of AF and also influences the
recurrence rate of AF following RFA.?* Relevant studies have shown that IR and related diseases significantly increase
the risk of AF.?®> IR-related derivatives, such as the triglyceride-glucose index, metabolic score for IR, triglyceride
glucose-BMI, and HOMA-IR, have been shown to be associated with the recurrence of AF after RFA.®’ Inflammatory
response and oxidative stress are the primary mechanisms through which IR promotes the onset of AF and its recurrence
after ablation. In the state of IR, inflammation in adipocytes intensifies, free fatty acid levels continue to rise, and
multiple inflammatory factors are activated. This cascade induces atrial structural remodeling and fibrosis, exacerbating

Table 5 Threshold Analysis of SPISE Index and AF Recurrence

Outcome Effect P-value

Model | Fitting model by standard linear regression 0.66 (0.58-0.76) | <0.001

Model 2 Fitting model by two-piecewise linear regression

Inflection point 4.55
<455 0.33 (0.12-0.92) 0.034
2 455 0.71 (0.60-0.83) | <0.001
P for likelihood test 0317

Abbreviation: SPISE, single-point insulin sensitivity estimator.
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cardiac tissue damage and remodeling.”***> Enhanced inflammation of adipocytes and activation of cytokines such as
tumor necrosis factor-o. (TNF-a) and interleukin-6 (IL-6) can promote atrial fibrosis and tissue remodeling, increase
susceptibility to arrhythmias, and further facilitate the development and recurrence of AF.>*?® The enlargement of the
LAD is an indicator of atrial remodeling, and its size is significantly correlated with the recurrence of AF.*’ Qin et al
confirmed that IR-related indicators, specifically the triglyceride glucose-BMI, are associated with left atrial remodeling
and show a positive correlation with LAD.*® Both SGLT-2 inhibitors and GLP-1 RAs can improve IR and significantly
reduce the risk of AF through multiple mechanisms, including metabolic regulation, anti-inflammatory effects, and
electrophysiological remodeling. SGLT-2 inhibitors exert indirect yet significant effects in improving IR through weight
loss, reduced lipotoxicity, and decreased inflammation. Simultaneously, they directly prevent AF by reversing electrical
and structural remodeling, inhibiting the CaMKII and NLRP3 pathways, and reducing cardiac workload. GLP-1 RAs
enhance insulin sensitivity by directly activating insulin signaling pathways and exerting significant anti-inflammatory
effects. Their atrial protective benefits are primarily mediated by substantial weight loss and metabolic improvements,
along with additional direct electrophysiological stabilization of the atrial myocardium.**-*°

The SPISE index is a novel IR alternative indicator, incorporating BMI, TG, and HDL-C, which shows a significant
correlation with various cardiovascular diseases.'®'* The BMI is an important indicator for predicting the incidence of
AF in the general population. It is also associated with an increased risk of AF recurrence after RFA.** Patients with
a higher BMI exhibited eclevated levels of various inflammatory and oxidative stress markers, which are closely
associated with the onset and progression of AF.*> Multiple clinical studies have demonstrated that serum lipids
contribute to inflammation and elevate the risk of AF.>**” However, the relationship between the occurrence of AF is
related to the lipid levels in the population remains controversial.*® There are few studies on the SPISE index and the
recurrence of AF after RFA. Our study found that, in elderly patients with AF, the SPISE index was higher in the non-
recurrence group. After adjusting for various risk factors, the SPISE index was found to be negatively correlated with AF
recurrence. This association persisted whether the SPISE index was treated as a continuous or categorical variable. The
postoperative recurrence rate in AF patients with a low SPISE index was 3.4 times higher than in those with a high
SPISE index. Our analysis using the RCS model revealed a statistically significant, non-linear relationship between the
SPISE index and AF recurrence. Subgroup analyses based on gender, ER, AF type, hypertension, CHD and diabetes
showed a consistent association, thereby enhancing the reliability of the SPISE index as an indicator of AF recurrence
across different subgroups. However, in elderly AF patients with CHF, no correlation was found between the SPISE
index and AF recurrence. Notably, the predictive value of the SPISE index is significantly diminished in patients with
CHF. Beyond the acknowledged limitation of sample size, this phenomenon can be largely attributed to the over-
whelming pathophysiological alterations associated with atrial remodeling in advanced heart failure. These changes may
overshadow the metabolic effects of IR reflected by SPISE. Advanced heart failure results in persistent atrial pressure and
volume overload, driving progressive structural remodeling characterized by atrial dilation and interstitial fibrosis. This
remodeling is accompanied by electrophysiological disturbances, excessive activation of the renin—angiotensin—aldoster-
one system and sympathetic nervous system, as well as myocardial metabolic reprogramming. These comprehensive
cardiac pathological changes become the primary determinants of atrial dysfunction and adverse clinical events.**** IR
activates the mitogen-activated protein kinase (MAPK) signaling pathway, promoting oxidative stress, cardiac hyper-
trophy, fibrosis, and cell apoptosis. Specifically, in the IR state, adipocyte inflammation intensifies, free fatty acid levels
continue to rise, and various inflammatory factors-such as TNF-a and IL-6-are activated. This promotes the activation of
atrial progenitor cells, induces atrial structural remodeling and fibrosis, and exacerbates cardiac tissue damage and
remodeling. This suggests that the metabolic abnormalities associated with IR collectively increase the risk of adverse
atrial remodeling and arrhythmia, thereby contributing to the recurrence of AF.*' In this context, the systemic metabolic
signal of IR captured by SPISE is largely masked by the profound mechanical, neurohormonal, and structural abnorm-
alities of atrial remodeling. Consequently, SPISE fails to maintain reliable predictive performance in populations with
heart failure, as local cardiac remodeling, rather than peripheral metabolic disturbances, predominates disease progres-
sion. Excluding patients with CHF, significant differences in postoperative recurrence were observed among elderly AF
patients with different SPISE index levels; those with a low SPISE index had significantly higher recurrence rates than
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those with a high SPISE index. Compared with other risk factors, the SPISE index demonstrated superior predictive
value for AF recurrence.

To date, previous studies have not systematically investigated the association between the SPISE index and the
recurrence of AF. Our findings suggest that the SPISE index may serve as a significant predictor of AF recurrence in
elderly patients following RFA. These findings have potential clinical implications, offering guidance for the early
identification and intervention of high-risk elderly patients with AF. Elderly patients with AF often have multiple
coexisting conditions, such as metabolic syndrome, which complicates the identification of individuals at high risk.
Incorporating IR into the management of AF can help address the limitations of current prevention and control strategies,
thereby improving the identification of “high-risk” patients. The presence of IR and metabolic abnormalities may act as
“invisible driving factors” in the remodeling of atrial structure and electrophysiology, potentially impacting the overall
effectiveness of comprehensive AF management. Our research has demonstrated a significant correlation between the
SPISE index and AF recurrence. Therefore, proactive early interventions- such as optimizing dietary patterns, prescribing
exercise, promoting scientific weight loss, pharmacological treatment, and managing comorbidities- may improve the
success rate of RFA. However, our study has several limitations. First, as a single-center retrospective study, there may
have been insufficient monitoring of AF recurrence, potentially leading to an overestimation of the success rate of AF
ablation. More intensive follow-up methods, such as the use of smartwatches or long-term ambulatory electrocardio-
grams, may be necessary. Second, relying on a single SPISE index measurement may be insufficient; dynamic changes in
the index should be observed over time. Third, the use of hypoglycemic and lipid-lowering medications may influence
SPISE index measurements. The underlying mechanism linking the SPISE index to AF recurrence remains unclear.
Therefore, future prospective studies with larger sample sizes are needed to further evaluate its impact on AF recurrence.

Conclusions

A higher SPISE index is associated with a reduced risk of recurrence after RFA in elderly patients with AF. The SPISE
index exhibits a nonlinear relationship with AF recurrence. Compared to traditional risk factors, the SPISE index has
superior predictive value for the recurrence of AF following RFA in elderly patients.
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