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Abstract
Background Insulin resistance (IR) is involved in the pathophysiological processes of arrhythmias. Increasing 
evidence suggests triglyceride and glucose (TyG) index, metabolic score for insulin resistance (METS-IR), triglyceride 
glucose-body mass index (TyG-BMI), and triglyceride to high-density lipoprotein cholesterol (TG/HDL-C) ratio are 
simple and reliable surrogates for IR. Although they have been associated with atrial fibrillation (AF), evidence 
supporting this is limited. Here, this is the first study to investigate the association between TyG-BMI index and AF 
recurrence following radiofrequency catheter ablation (RFCA). The performance of the four non-insulin-based IR 
indexes in predicting AF recurrence after ablation was explored.

Methods A total of 2242 AF patients who underwent a de novo RFCA between June 2018 to January 2022 at two 
hospitals in China were included in this retrospective study. The predictive values of IR indexes for AF recurrence after 
ablation were assessed.

Results During 1-year follow-up, 31.7% of patients experienced AF recurrence. The multivariable analysis revealed 
that TyG index, METS-IR, and TyG-BMI index were independent risk factors for AF recurrence. Restricted cubic 
spline analysis revealed a connection between METS-IR, TyG-BMI index, and AF recurrence (P < 0.001). Furthermore, 
incorporating the METS-IR or TyG-BMI index to the basic risk model with fully adjusted factors considerably enhanced 
the forecast of AF recurrence, as demonstrated by the C-statistic, continuous net reclassification improvement, and 
integrated discrimination improvement.

Conclusions TyG index, METS-IR, and TyG-BMI index were independently associated with AF recurrence following 
ablation. Among the four non-insulin-based IR indexes, TyG-BMI had the highest predictive value, followed by 
METS-IR.
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Introduction
Atrial fibrillation (AF) is one of the common cardiovas-
cular diseases in clinical practice, which can lead to heart 
failure, stroke, and other complications. The pathogenesis 
of AF is very complex, and radiofrequency catheter abla-
tion (RFCA) is the main treatment method, but there is a 
certain recurrence rate after ablation [1]. The recurrence 
rates of paroxysmal AF (PAF) and persistent AF (PeAF) 
were 10-30% and 25–35%, respectively, during 1-year fol-
low-up after ablation [2]. Therefore, early and optimized 
risk stratification is essential to improve the prognosis of 
AF following ablation.

Insulin resistance (IR) is a pathological condition 
in which the body’s tissues or cells have a diminished 
response to insulin as a potential mechanism for abnor-
mal glucose metabolism, and some populations have a 
susceptibility to impaired glucose tolerance even if they 
are not obese and may develop IR [3–5]. Although hyper-
insulinemic-euglycemic clamp is considered the gold-
standard method for evaluating IR, its clinical application 
is limited by cost and complexity [6]. Interestingly, conve-
nient and validated measures for assessing insulin resis-
tance have been established, such as the metabolic score 
for triglyceride-glucose (TyG) index, metabolic score for 
insulin resistance (METS-IR), triglyceride glucose-body 
mass index (TyG-BMI), and triglyceride to high-density 
lipoprotein cholesterol (TG/HDL-C) ratio [7]. Moreover, 
increasing research has revealed indicators of IR to be 
valuable predictors for the severity and prognosis of dia-
betes mellitus (DM)、heart failure、coronary heart dis-
ease (CHD) [8–10].

At present, there is limited research in investigating the 
relationship between these IR indexes and AF recurrence 
following ablation [11]. The predictive value of TyG-BMI 
index for recurrence after RFCA in patients with AF has 
not been studied. This study first aimed to investigate 
the relationship between AF recurrence after RFCA and 
TyG-BMI index. Furthermore, we sought to compare 
the values of TyG index, METS-IR, TyG-BMI index, and 
TG/HDL-C ratio in predicting AF recurrence following 
ablation.

Methods
Study design and populations
We conducted a retrospective observational study from 
June 2018 to January 2022 at teaching Hospitals of China-
Japan Friendship Hospital and First Affiliated Hospital 
of Zhengzhou University. All enrolled AF patients were 
admitted to hospital for the first RFCA treatment. The 
exclusion criteria were as follows: (1) hypertrophic car-
diomyopathy; (2) advanced valvular heart disease; (3) 
end-stage renal disease; (4) thyroid dysfunction. We 
further excluded patients who were suspected of having 
familial hypertriglyceridemia (TG ≥ 5.65 mmol/L) and 

lacking necessary data for IR indexes calculation. Patients 
who died or lost to follow-up were also excluded. The 
research followed the guidelines of the Strengthening 
the Reporting of Observational Studies in Epidemiology 
(STROBE) statement. The study protocol adhered to the 
principles of the Declaration of Helsinki and obtained 
approval by the local ethical review board (2023-KY-
0327). In this study, all enrolled patients were exempted 
from informed consent.

Data collection and definitions
Data were collected from the electronic medical records 
of the two participating centers by certified study coor-
dinators. We designed standardized spreadsheets to col-
lect these retrospective data. The initial demographic and 
clinical data included age, sex, current smoking, current 
drinking, DM, hypertension, hyperlipidaemia, CHD, his-
tory of stroke/transient ischemic attack (TIA), heart fail-
ure, duration of AF, type of AF (PAF or PeAF).

Blood samples were collected from the patient’s periph-
eral veins after fasting for more than 8 h before ablation 
during hospitalization. Laboratory tests were performed 
to obtain measurements including white blood cells, 
platelet (PLT), uric acid (UA), creatinine (Cr), fasting 
blood glucose (FBG), glycated haemoglobin (HbA1c), 
total cholesterol (TC), triglycerides (TG), low-density 
lipoprotein cholesterol (LDL-C), high-density lipopro-
tein cholesterol (HDL-C). The information regarding 
RFCA comprised the percentage of linear ablation as 
well as superior vena cava (SVC) isolation. In addition, 
documentation was made regarding echocardiographic 
assessment of left atrial (LA) diameter, left ventricular 
end-diastolic diameter (LVEDD), and left ventricular 
ejection fraction (LVEF), and usage of medications before 
abaltion, which included antiarrhythmic drugs (AADs) 
therapy, angiotensin-converting enzyme inhibitor (ACEI) 
or angiotensin receptor blocker (ARB), and statin. Data 
required for calculating the CHA2DS2-VASc score was 
derived from hospital admission records [12].

Hypertension was defined as meeting any of the fol-
lowing criteria: systolic blood pressure ≥ 140 mmHg, 
diastolic blood pressure ≥ 90 mmHg, or use of anti-hyper-
tensive medication. DM was defined as the use of oral 
hypoglycaemic drugs or insulin, or HbA1c level ≥ 6.5% on 
admission. CHD was defined as luminal stenosis of ≥ 50% 
in at least one major coronary artery. PAF was AF lasting 
less than 7 days, usually less than 48 h [13]. PeAF was AF 
lasting longer than 7 days [14]. The duration of AF was 
calculated by the time from the date of initial symptom 
onset or first diagnosis of AF to the RFCA date. Dura-
tion of atrial fibrillation as a binary variable based on its 
median value (24 months). Body mass index (BMI) was 
calculated as weight (kg) divided by the square of height 
(m2). The IR indexes were calculated as the following 
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formula: TyG index = Ln [TG (mg/dL)×FBG (mg/dL) ÷ 2]; 
TyG-BMI index = TyG×BMI (kg/m2); TG/HDL-C = TG 
(mg/dl) ÷ HDL-C (mg/dl); METS-IR = Ln [(2×FBG (mg/
dl)) + TG (mg/ dl)]×BMI (kg/m2) ÷ Ln [HDL-C (mg/dl)] 
[15].

Ablation protocol
The RFCA procedure has been described before [16, 17]. 
Briefly, under the guidance of the CARTO system (John-
son & Johnson Medical, Biosense Webster, Inc., Irvine, 
CA, USA), circumferential pulmonary vein isolation 
(CPVI) was performed in all AF patients. As an extra-PV 
ablation, additional procedures such as linear ablation 
(roof line, tricuspid isthmus linear, and mitral valve isth-
mus linear), and complex fractionated atrial electrograms 
ablation were performed, especially in patients with 
PeAF. Isolation of superior vena cava (SVC) was per-
formed if induced tachycardia from SVC or the potential 
of SVC was active. At the end of the ablation, if re-con-
nection of pulmonary vein was observed, a pulmonary 
vein isolation was performed.

Outcomes and follow‑up
The primary outcome was the recurrence of AF after 
ablation during 1 year follow-up. The definition of AF 
recurrence was any atrial tachyarrhythmia lasting for 
more than 30 s in electrocardiogram or Holter monitor-
ing after the 3-month blanking period. All patients were 
prescribed AADs for 3 months after ablation to prevent 
early recurrence. The use of AADs was subsequently 
determined by physicians and patients. Patients were 
scheduled for follow-up at three-month intervals within 
the first year after ablation in the outpatient setting and 
telephone. Each follow-up visit included 12-lead elec-
trocardiogram, 24-hour Holter monitoring, and clinical 
assessment. Patients who had any symptoms related to 
AF were required to complete an additional outpatient 
visit.

Statistical analysis
Continuous variables were described as the mean ± stan-
dard deviation or the median with interquartile range 
depending on the normality of the data distribution, and 
comparisons between groups were performed the Stu-
dent’s t-test. Categorical variables were presented as fre-
quencies (percentages), and comparisons between groups 
were carried out using the chi-square (χ2) test. A receiver 
operating characteristic (ROC) curve was used for diag-
nostic value analysis in four IR indexes. Kaplan-Meier 
method was used to create cumulative curves for recur-
rence of AF following ablation, and the log-rank test was 
utilized to differentiate between the curves of the groups. 
Multivariable Cox proportional hazard models were con-
structed to assess the correlation between IR indexes and 

AF recurrence. The first model remained unchanged, 
whereas second model included age and gender as fac-
tors. The third model was completely calibrated. Table 1 
contained the candidate variables, with the third model 
including confounders that were statistically significant. 
However, variables in the score formula for IR indexes 
were not together in the multivariate Cox analysis model. 
The hazard ratio (HR) along with a corresponding 95% 
confidence interval (CI) were presented as the outcomes 
obtained from the Cox regression model. Moreover, 
an analysis using restricted cubic spline (RCS) was per-
formed with four knots to identify any possible nonlinear 
associations between the IR indexes and AF recurrence 
after adjusting confounders that were statistically signifi-
cant, with the reference point using the cut-off value of 
ROC for AF recurrence.

Furthermore, we aimed to investigate whether IR 
indexes could enhance the predictive performance of the 
baseline risk model, which including age, sex, BMI, cur-
rent drinking, DM, hyperlipidemia, CHD, duration of AF 
(≥ 24 months), AF type, FBG, HbA1c, LA diameter, PLT, 
CHA2DS2-VASc. To assess the incremental predictive 
performance of AF recurrence after introducing four IR 
indexes to the baseline risk model, various measures were 
used including the calculation of C statistic, continuous 
net reclassification improvement (NRI), and integrated 
discrimination improvement (IDI). The C statistic was 
calculated to represent the performance of each model 
using “Survival” R package. Both the continuous NRI 
and IDI were calculated using “survIDINRI” R package. 
Variables including age, sex, hypertension, DM, hyper-
lipidaemia, CHD, AF type, duration of AF, and statins 
were taken into account in subgroup analysis. Then the 
association between METS-IR or TyG-BMI index and AF 
recurrence was further explored in DM and duration of 
AF (≥ 24 months) patients. All statistical analyses in the 
present study were performed with SPSS 26.0 from IBM 
SPSS Inc and R 3.6.1 by the R Development Core Team in 
Vienna, Austria. All tests were 2-sided, and P < 0.05 was 
considered statistically significant.

Results
Baseline characteristics
A total of 2931 patients with AF who underwent success-
ful RFCA were screened for eligibility and 2242 patients 
with AF were included in the final analysis, as shown in 
Fig.  1. During a 1-year follow-up, a cumulative of 711 
(31.71%) AF recurrence were documented. The compari-
son of baseline characteristics between patients with and 
without AF recurrence was shown in Table 1. Compared 
patients without AF recurrence, those with AF recur-
rence tended to be older and had a higher proportion 
of current drinking, CHD, hyperlipidemia, DM, PeAF, 
and duration of AF (≥ 24 months). They also had higher 
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levels of BMI, FBG, Hb1AC, CHA2DS2-VASc, and LA 
diameter (P < 0.05). There was a lower level of platelets 
in recurrence patients, compared to those without recur-
rence (P < 0.05). Furthermore, patients in the recurrence 
group had significantly larger TyG index, METS-IR, and 

TyG-BMI index than those in the without recurrence 
group (P < 0.05). However, there was no significant dif-
ference in TG/HDL-C ratio between the two groups 
(P = 0.067).

Table 1 Baseline characteristics of participants by recurrence following ablation
Variables All(n = 2242) Non‑recurrence (n = 1531) Recurrence (n = 711) P value
Clinical characteristics
Age, years 60.74 ± 11.29 60.35 ± 11.27 61.57 ± 11.30 0.017
Female, n (%) 821 (36.62) 538 (35.14) 283 (39.80) 0.033
BMI, kg/m2 25.06 ± 3.33 24.66 ± 3.12 25.94 ± 3.59 < 0.001
Current smoking, n (%) 445 (19.85) 296 (19.33) 149 (20.95) 0.370
Current drinking, n (%) 480 (21.41) 306 (19.99) 174 (24.47) 0.016
Hypertension, n (%) 1156 (51.56) 780 (50.95) 376 (52.88) 0.393
Diabetes mellitus, n (%) 631 (28.14) 399 (26.06) 232 (32.63) 0.001
Hyperlipidemia, n (%) 443 (19.76) 282 (18.42) 161 (22.64) 0.019
CHD, n (%) 675 (30.11) 440 (28.74) 235 (33.05) 0.038
Heart failure, n (%) 311 (13.87) 215 (14.04) 96 (13.50) 0.730
Prior stroke/TIA, n (%) 371 (16.55) 241 (15.74) 130 (18.28) 0.132
Duration of AF (≥ 24 months), n (%) 1141 (50.89) 728 (47.55) 413 (58.09) < 0.001
AF type < 0.001
Paroxysmal AF, n (%) 1305 (58.21) 950 (62.05) 355 (49.93)
Persistent AF, n (%) 937 (41.79) 581 (37.95) 356 (50.07)
Medication
ACEI/ARB, n (%) 905 (40.47) 604 (39.50) 301 (42.57) 0.169
AADs, n (%) 1866 (83.23) 1268 (82.82) 598 (84.11) 0.448
Statins, n (%) 721 (32.16) 483 (31.55) 238 (33.47) 0.364
Laboratory test
WBC, 109/l 6.32 ± 1.74 6.33 ± 1.74 6.28 ± 1.75 0.452
PLT, 109/l 198.22 ± 55.23 200.18 ± 55.48 193.97 ± 54.56 0.013
UA, mmol/l 327.11 ± 96.52 325.68 ± 94.73 329.63 ± 99.44 0.367
Cr, µmol/l 76.97 ± 36.01 76.79 ± 32.39 77.35 ± 42.81 0.734
FBG, mmol/l 5.48 ± 1.67 5.42 ± 1.60 5.68 ± 1.91 0.002
Hb1AC, % 6.13 ± 1.00 6.10 ± 0.0.99 6.20 ± 1.05 0.025
TC, mmol/l 3.72 ± 0.90 3.72 ± 0.89 3.75 ± 0.93 0.422
TG, mmol/l 1.23 (0.93–1.65) 1.22 (0.92–1.63) 1.24 (0.93–1.73) 0.066
HDL-C, mmol/l 1.12 ± 0.31 1.13 ± 0.33 1.11 ± 0.27 0.082
LDL-C, mmol/l 2.12 ± 0.72 2.11 ± 0.71 2.15 ± 0.74 0.277
Echocardiographic
LVEF, % 61.56 ± 6.73 61.60 ± 6.73 61.50 ± 6.75 0.751
LA diameter, mm 39.85 ± 6.14 38.76 ± 5.96 42.21 ± 5.85 < 0.001
LVEDD, mm 47.43 ± 4.86 47.30 ± 4.76 47.72 ± 5.06 0.061
Extra PV LA ablation
Linear ablation, n (%) 1415 (63.11) 960 (62.70) 455 (63.99) 0.556
SVC isolation, n (%) 270 (12.04) 193 (12.61) 77 (10.83) 0.229
CHA2DS2-VASc score 2 (1–4) 2 (1–3) 2 (1–4) 0.001
TyG index 8.58 ± 0.54 8.55 ± 0.54 8.63 ± 0.54 0.002
TyG-BMI index 215.19 ± 33.02 211.07 ± 30.86 224.06 ± 35.68 < 0.001
TG/HDL-C ratio 2.64 (1.82–3.75) 2.58 (1.82–3.66) 2.73 (1.83-4.00) 0.067
METS-IR 38.75 ± 6.54 37.97 ± 6.13 40.42 ± 7.07 < 0.001
AADs, anti-arrhythmic drugs; ACEI, angiotensin-converting enzyme inhibitor; AF, atrial fibrillation; ARB, angiotensin receptor blocker; BMI, body mass index; CHD, 
coronary heart disease; Cr, creatinine; FBG, fasting blood glucose; HbA1c, glycosylated hemoglobin; HDL-C, high-density lipoprotein cholesterol; LA, left atrial; 
LDL-C, low-density lipoprotein cholesterol; LVEF, left ventricular ejection fraction; LVEDD, left ventricular end-diastolic diameter; METS-IR, metabolic score for 
insulin resistance; PLT, platelet; PV, pulmonary vein; SVC, superior vena cava; TC, total cholesterol; TG, triglyceride; TG/HDL-C, triglyceride to high-density lipoprotein 
cholesterol; TyG, triglyceride and glucose; TyG-BMI, triglyceride glucose-body mass index; UA,uric acid, WBT, white blood cell
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The predictive value of four IR indexes for AF recurrence
The ROC analysis was used to determine the optimal 
cut-of value of four indexes for predicting AF recurrence. 
The analysis determined that the optimal cut-off value for 
TyG index, METS-IR, TyG-BMI index, and TG/HDL-C 
ratio were 8.692 (sensitivity 45.1%, specificity 64.3%), 
40.889 (sensitivity 44.6%, specificity 72.0%), 225.501 (sen-
sitivity 46.1%, specificity 70.6%), and 3.272 (sensitivity 
37.6%, specificity 68.1%). The area under the curve for 
four IR indexes were 0.539 (95% CI 0.513–0.565), 0.603 
(95% CI 0.577–0.628), 0.608 (95% CI 0.583–0.633), 0.524 
(95% CI 0.498–0.550); respectively (Additional file: Fig. 
S1). Additional file: Fig. S2 can be observed that Kaplan-
Meier curves showed a noticeably increased risk of recur-
rence in patients belonging to the third IR indexes (TyG 
index, METS-IR, and TyG-BMI index) tertiles when 
compared to the remaining groups. However, no signifi-
cant differences were noted in the cumulative 1-year inci-
dence of AF recurrence between TG/HDL-C ratio tertiles 
groups. When IR indicators was used as a dichotomous 
indicator based on the optimal cut-off value of ROC for 
AF recurrence, Kaplan–Meier curves revealed that the 
cumulative 1-year incidence of AF recurrence was mark-
edly higher in patients with high IR indexes than in those 
with low IR indexes (Additional file: Fig. S3).

Relationship between TyG index and AF recurrence
We observed the correlation between non-insulin-based 
IR indicators and AF recurrence following ablation from 
the perspectives of continuous and classified variables 
by adjusting for different risk factors. The first was not 
to adjust any risk factors; the second was to adjust age 
and gender; and the last was to adjust the risk factors 
screened by the univariate analysis. The results showed 
that the TyG index was significantly associated with AF 
recurrence regardless of whether as continuous variable 
or categorical variable by optimal cut-of value of ROC 
(P < 0.05). Then we grouped TyG index based on tertiles. 
The risk of AF recurrence was higher in the T3 group 
than in the T1 group, as shown in model 1 and model 
2 (P < 0.05). The risk of AF recurrence for patients in T3 
was 1.25 times greater (95% CI 1.03–1.51, P = 0.024) than 
in patients with T1 group after adjusting for age, sex, 
BMI, current drinking, DM, hyperlipidemia, CHD, dura-
tion of AF (≥ 24 months), AF type, HbA1c, LA diameter, 
PLT, CHA2DS2-VASc in the model 3 (Table 2). Moreover, 
the analysis of RCS revealed no apparent association 
was observed between the TyG index and the risk of AF 
recurrence after adjusted for clinical risk factors in the 
Model 3 (P for nonlinearity = 0.681), as shown in Fig. 2A.

Fig. 1 Flow diagram of patient’s selection. AF, atrial fibrillation; IR, insulin resistance
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Relationship between METS‑IR and AF recurrence
The METS-IR was an independent risk factor for AF 
recurrence whether as a continuous variable or categori-
cal variable by optimal cut-of value of ROC (P < 0.05). The 
risk of AF recurrence was higher both in the M2 and M3 
groups than in the M1 group, as shown in the model 4 
and model 5 (P < 0.05). The risk of AF recurrence for 
patients in M3 was 1.82 times greater (95% CI 1.50–2.22, 
P < 0.001) than in patients with M1 group after adjusting 

for age, sex, current drinking, DM, hyperlipidemia, CHD, 
duration of AF (≥ 24 months), AF type, HbA1c, LA diam-
eter, PLT, CHA2DS2-VASc in the model 6 (Table 3). The 
RCS revealed a correlation between METS-IR and the 
risk of AF recurrence after adjusted for clinical risk fac-
tors in the Model 6 (P for nonlinearity = 0.714), as shown 
in Fig. 2B.

Table 2 Association between TyG index (per 1 unit increase) and AF recurrence
Model 1 Model 2 Model 3
HR (95%CI) P value HR (95% CI) P value HR (95% CI) P value

TyG index 1.22 (1.07–1.39) 0.003 1.22 (1.07–1.40) 0.003 1.18 (1.02–1.36) 0.024
< 8.692 Reference Reference Reference
≥ 8.692 1.37 (1.18–1.58) < 0.001 1.37 (1.18–1.59) < 0.001 1.40 (1.19–1.64) < 0.001
T1 Reference Reference Reference
T2 0.94 (0.78–1.14) 0.532 0.95 (0.78–1.14) 0.557 0.87 (0.71–1.05) 0.150
T3 1.29 (1.08–1.54) 0.005 1.30 (1.09–1.55) 0.004 1.25 (1.03–1.51) 0.024
AF, atrial fibrillation; CI, confidence interval; HR, hazard ratio; TyG, triglyceride and glucose; T1: TyG index ≤ 8.325; T2: 8.325 < TyG index ≤ 8.765; T3:8.765 < TyG index

Model 1: Unadjusted

Model 2: Adjusted for age and sex

Model 3: Adjusted for age, sex, body mass index, current drinking, diabetes mellitus,

hyperlipidemia, coronary heart disease, duration of AF (≥ 24 months), AF type, HbA1c, left atrial diameter, platelet, CHA2DS2-VASc score

Fig. 2 Restricted cubic spline curves for AF recurrence by four insulin resistance indexes after covariates adjustment. AF, atrial fibrillation; CI, confidence 
interval; HR, hazard ratio; METS-IR, metabolic score for insulin resistance; TyG, triglyceride and glucose; TyG-BMI, triglyceride glucose-body mass index; TG/
HDL-C, triglyceride to high-density lipoprotein cholesterol
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Relationship between TyG‑BMI index and AF recurrence
Next, we found that TyG-BMI index was significantly 
associated with increased risk of AF recurrence regard-
less of whether TyG-BMI index as continuous variable 
or categorical variable by optimal cut-of value of ROC 
(P < 0.05). Then, TyG-BMI index was divided into three 
groups according to tertiles, with the B1 group as a refer-
ence, B3 group had a higher risk of AF recurrence in the 
model 7 and model 8 (P < 0.05). Compared with the B1 
group in model 9 adjusted for age, sex, current drinking, 
DM, hyperlipidemia, CHD, duration of AF (≥ 24 months), 
AF type, HbA1c, LA diameter, PLT, CHA2DS2-VASc, B3 
showed a 1.71 increased risk of AF recurrence (95% CI 
1.41–2.07, P < 0.001), (Table 4). The RCS revealed a corre-
lation between TyG-BMI index and the risk of AF recur-
rence after adjusted for clinical risk factors in the Model 
9 (P for nonlinearity = 0.428), as shown in Fig. 2C.

Relationship between TG/HDL‑C ratio and AF recurrence
TG/HDL-C ratio was not an independent risk factor for 
AF recurrence (P > 0.05). When the TG/HDL-C ratio was 
divided into two groups, in the model.

10, 11, and 12, the risk of AF recurrence was higher 
in TG/HDL-C ratio ≥ 3.272 group, compared with TG/
HDL-C ratio < 3.272 group. Then, patients in group G3 
had not a higher risk of AF recurrence (HR1.13, 95% CI 
0.94–1.37, P = 0.195) in the model 12, compared with 
those in group G1 after adjusting for age, sex, BMI, cur-
rent drinking, DM, hyperlipidemia, CHD, duration of AF 
(≥ 24 months), AF type, FBG, HbA1c, LA diameter, PLT, 
CHA2DS2-VASc (Table 5). Moreover, the analysis of RCS 
revealed no apparent association was observed between 
the TG/HDL-C ratio and risk of recurrence after adjusted 
for baseline clinical risk factors in the Model 12 (P for 
nonlinearity = 0.795), as shown in Fig. 2D.

Non‑insulin‑based IR indexes incremental predictive value
The predictive value of non-insulin-based IR indexes for 
AF recurrence was shown in Table  6. The calibration 
plots for the basic risk model predicting AF recurrence 
exhibited excellent agreement between the observed and 
predicted probabilities (Additional file: Fig. S4). When 
incorporating METS-IR or TyG-BMI index into the base-
line risk model, a significant improvement in the predic-
tive ability for recurrence was noted, as evidenced by the 

Table 3 Association between METS-IR (per 1 unit increase) and AF recurrence
Model 4 Model 5 Model 6
HR (95%CI) P value HR (95% CI) P value HR (95% CI) P value

METS-IR 1.04 (1.03–1.06) < 0.001 1.04 (1.03–1.06) < 0.001 1.04 (1.03–1.05) < 0.001
< 40.889 Reference Reference Reference
≥ 40.889 1.78 (1.54–2.07) < 0.001 1.84 (1.58–2.13) < 0.001 1.62 (1.38–1.89) < 0.001
M1 Reference Reference Reference
M2 1.32 (1.08–1.61) 0.007 1.34 (1.10–1.63) 0.004 1.26 (1.02–1.54) 0.030
M3 2.05 (1.71–2.47) < 0.001 2.14 (1.77–2.58) < 0.001 1.82 (1.50–2.22) < 0.001
AF, atrial fibrillation; CI, confidence interval; HR, hazard ratio; METS-IR, metabolic score for insulin resistance; M1: METS-IR ≤ 35.585; M2: 35.585 < METS-IR ≤ 40.863; 
M3: 40.863 < METS-IR

Model 4: Unadjusted

Model 5: Adjusted for age and sex

Model 6: Adjusted for age, sex, current drinking, diabetes mellitus, hyperlipidemia, coronary heart disease, duration of AF (≥ 24 months), AF type, HbA1c, left atrial 
diameter, platelet, CHA2DS2-VASc score

Table 4 Association between TyG-BMI index (per 1 unit increase) and AF recurrence
Model 7 Model 8 Model 9
HR (95%CI) P value HR (95% CI) P value HR (95% CI) P value

TyG-BMI 
index

1.01 (1.01–1.01) < 0.001 1.01 (1.01–1.01) < 0.001 1.01 (1.01–1.01) < 0.001

< 225.501 Reference Reference Reference
≥ 225.501 1.76 (1.52–2.04) < 0.001 1.79 (1.54–2.07) < 0.001 1.55 (1.33–1.81) < 0.001
B1 Reference Reference Reference
B2 1.18 (0.97–1.44) 0.106 1.18 (0.97–1.44) 0.098 1.17 (0.96–1.44) 0.125
B3 1.93 (1.61–2.32) < 0.001 1.97 (1.64–2.36) < 0.001 1.71 (1.41–2.07) < 0.001
AF, atrial fibrillation; CI, confidence interval; HR, hazard ratio; TyG-BMI, triglyceride glucose-body mass index; B1: TyG-BMI index ≤ 198.441; B2: 198.441 < TyG-BMI 
index ≤ 226.797; B3: 226.797 < TyG-BMI index

Model 7: Unadjusted

Model 8: Adjusted for age and sex

Model 9: Adjusted for age, sex, current drinking, diabetes mellitus, hyperlipidemia, coronary heart disease, duration of AF (≥ 24 months), AF type, HbA1c, left atrial 
diameter, platelet, CHA2DS2-VASc score
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C-statistic rising from 0.690 to 0.701 (P = 0.047) and 0.702 
(P = 0.045), respectively. Significant enhancements in the 
NRI and IDI were also observed as a result of incorporat-
ing the METS-IR and TyG-BMI index into the baseline 
risk model (P < 0.05). Unfortunately, the results showed 
no significant incremental predictive ability of TyG index 
and TG/HDL-C ratio to the baseline risk model (P > 0.05). 
Furthermore, we compared the AUC area of METS and 
TyG-BMI index with the traditional risk factors (type of 
AF, BMI and LA diameter) for AF recurrence. The AUC 
area of METS-IR (0.603) and TyG-BMI index (0.608) 
were larger than AF type (0.561) and BMI (0.533). How-
ever, LA diameter (0.670) had a larger AUC area for AF 
recurrence, compared to the METS-IR and TyG-BMI 
index, (Additional file: Fig. S5).

Subgroup analysis
Next, we conducted the subgroups analysis stratified 
by age, sex, hypertension, DM, hyperlipidemia, CHD, 
AF type, and duration of AF. As shown in Figs. 3 and 4. 
METS-IR and TyG-BMI index were associated with AF 
recurrence in different subgroups. Moreover, the results 
indicated a significant interaction between DM sub-
groups and METS-IR or TyG-BMI index on the risk of 
AF recurrence (P for interaction < 0.05). Similarly, signifi-
cant interactions were detected between duration of AF 
(≥ 24 months) and either METS-IR or TyG-BMI index (P 

for interaction < 0.05). However, no significant interaction 
was observed in the subgroup analysis of TyG index or 
TG/HDL-C ratio with AF recurrence (P > 0.05), as shown 
in Additional file: Figs. S6 and S7. Importantly, we did 
not find a significant interaction between four indicators 
of IR and AF recurrence based on whether using statins 
medication on admission (Additional file: Table S1).

Association of METS‑IR or TyG‑BMI index with AF 
reucrrence in DM patients
When all study patients were divided into 4 groups 
based on a combination of DM (DM and without DM) 
and METS-IR or TyG-BMI index (METS-IR ≥ 40.899 and 
< 40.899, or TyG-BMI index ≥ 225.501 and < 225.501), 
patients with both DM and high METS-IR or TyG-BMI 
index had a markedly higher cumulative incidence of 
AF recurrence than the remaining patients (Fig. 5A and 
B). After adjusting for age, sex, current drinking, hyper-
lipidemia, CHD, duration of AF (≥ 24 months), AF type, 
HbA1c, LA diameter, PLT, and CHA2DS2-VASc. METS-
IR ≥ 40.899 or TyG-BMI index ≥ 225.501 with or without 
DM were independent risk factors for AF recurrence, as 
shown in Additional file: Table S2. According to METS-
IR and TyG-BMI index cut-off value of ROC for AF 
recurrence in DM and non-DM populations. The RCS 
also revealed a correlation between METS-IR or TyG-
BMI index and the risk of AF recurrence after adjusted 

Table 5 Association between TG/HDL-C ratio(per 1 unit increase) and AF recurrence
Model 10 Model 11 Model 12
HR (95%CI) P value HR (95% CI) P value HR (95% CI) P value

TG/HDL-C 
ratio

1.03 (1.00-1.06) 0.050 1.03 (1.01–1.06) 0.021 1.03 (1.00-1.06) 0.055

< 3.272 Reference Reference Reference
≥ 3.272 1.22 (1.05–1.42) 0.010 1.26 (1.08–1.47) 0.003 1.22 (1.04–1.43) 0.017
G1 Reference Reference Reference
G2 0.98 (0.81–1.18) 0.822 0.99 (0.82–1.19) 0.921 0.91 (0.75–1.10) 0.343
G3 1.19 (0.99–1.42) 0.059 1.23 (1.03–1.48) 0.022 1.13 (0.94–1.37) 0.195
AF, atrial fibrillation; CI, confidence interval; HR, hazard ratio; TG/HDL-C, triglyceride to high-density lipoprotein cholesterol; G1: TG/HDL-C ratio ≤ 2.097; G2: 2.097 < TG/
HDL-C ratio ≤ 3.287; G3: 3.287 < TG/HDL-C ratio

Model 10: Unadjusted

Model 11: Adjusted for age and sex

Model 12: Adjusted for age, sex, body mass index, current drinking, diabetes mellitus, hyperlipidemia, coronary heart disease, duration of AF (≥ 24 months), AF type, 
fasting blood glucose, HbA1c, left atrial diameter, platelet, CHA2DS2-VASc score

Table 6 Added predictive ability and reclassification statistics of insulin resistance
C‑statistic (95% CI) P value IDI (95% CI) P value Continuous NRI (95% CI) P value

Baseline risk model 0.690 (0.667–0.714) Reference Reference Reference
+TyG index 0.691 (0.667–0.714) 0.855 0.003 (-0.004-0.012) 0.432 0.042 (-0.034-0.109) 0.334
+METS-IR 0.701 (0.677–0.724) 0.047 0.020 (0.008–0.034) 0.004 0.119 (0.056–0.170) 0.002
+TyG-BMI index 0.702 (0678-0.725) 0.045 0.024 (0.012–0.038) < 0.001 0.134 (0.079–0.182) < 0.001
+TG/HDL-C ratio 0.692 (0.669–0.716) 0.455 0.001 (-0.005-0.006) 0.819 -0.001 (-0.059-0.079) 0.429
Baseline risk model: age, sex, body mass index, current drinking, diabetes mellitus, hyperlipidemia, coronary heart disease, duration of AF (≥ 24 months), AF type, 
fasting blood glucose, HbA1c, left atrial diameter, platelet, CHA2DS2-VASc score

AF, atrial fibrillation; CI, confidence interval; IDI, integrated discrimination improvement; METS-IR, metabolic score for insulin resistance; NRI, net reclassification 
improvement; TyG, triglyceride and glucose; TyG-BMI, triglyceride glucose-body mass index; TG/HDL-C, triglyceride to high-density lipoprotein cholesterol
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for risk factors in DM and non-DM patients, as shown 
in Fig. S8. When incorporating METS-IR or TyG-BMI 
index into the baseline risk model, a significant improve-
ment in the predictive ability for recurrence was noted 
by the C-statistic, NRI, and IDI in DM patients (P < 0.05). 
In the non-DM population, we did not find significant 
improvements in C-index, IDI, and NRI with the addi-
tion of TyG-BMI or METS-IR to the basic risk model 
(P > 0.05), (Additional file: Table S3.

Association of METS‑IR or TyG‑BMI index with AF 
recurrence in duration of AF (≥ 24 months) patients
Furthermore, when patients were divided into 4 groups 
based on a combination of AF duration (duration of 
AF ≥ 24 months and < 24 months) and METS-IR or TyG-
BMI index (METS-IR ≥ 40.899 and < 40.899, or TyG-
BMI index ≥ 225.501 and < 225.501), patients with both 

duration of AF ≥ 24 months and high METS-IR or TyG-
BMI index had a markedly higher cumulative incidence 
of AF recurrence than the remaining patients (Fig. 5C and 
D). After adjusting for age, sex, current drinking, hyper-
lipidemia, CHD, DM, AF type, HbA1c, LA diameter, PLT, 
and CHA2DS2-VASc. METS-IR ≥ 40.899 or TyG-BMI 
index ≥ 225.501 with duration of AF ≥ 24 months were 
independent risk factor for AF recurrence after ablation 
(HR 2.18, 95% CI 1.74–2.74, P < 0.001, or HR 2.10, 95% CI 
1.68–2.63, P < 0.001; respectively), as shown in Additional 
file: Table S4. Based on the METS-IR and TyG-BMI index 
cut-off values of ROC for AF recurrence in duration of 
AF ≥ 24 and < 24 months patients, the analysis of RCS in 
duration of AF ≥ 24 and < 24 months patients are shown 
in Fig. S9. The improvement in model prediction accu-
racy when incorporating METS-IR or TyG-BMI index 
into the baseline risk model in the duration of AF ≥ 24 

Fig. 3 Association between METS-IR (per 1 unit increase) and AF recurrence following ablation in different subgroups. AF, atrial fibrillation; CHD, coronary 
heart disease; DM,diabetes mellitus; METS-IR, metabolic score for insulin resistance
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and < 24 months patients, as shown in Additional file: 
Table S5.

Discussion
In the present study, we provide the first report of the 
relationship between TyG-BMI index and AF recur-
rence after ablation. Notably, this is also the first study 
comparing the value of TyG index, METS-IR, TyG-BMI 
index, and TG/HDL-C ratio in predicting AF recurrence. 
A larger TyG index, METS-IR, and TyG-BMI index 
were associated with an elevated risk of AF recurrence. 
The integration of METS-IR or TyG-BMI index into the 
baseline risk model may have improved the accuracy in 
predicting the risk of AF recurrence, however absolute 
increase in C-statistic is not clinically meaningful. Co-
presence of DM or long duration of AF and high TyG-
BMI index or METS-IR portends a high risk for AF 

recurrence. By addressing this research gap, our findings 
may exert far-reaching significance for follow-up strategy 
of AF ablation patients.

IR, a pivotal hormone that regulates cellular metabo-
lism, is closely linked to the progression of metabolism 
disorders [18]. IR has also been demonstrated to be 
closely related to the occurrence and prognosis of athero-
sclerotic cardiovascular disease, regardless of the pres-
ence of DM [19]. Previous study indicated that TyG index 
is a valuable tool for predicting the risk of all-cause and 
cardiovascular disease mortality in cardiovascular disease 
patients with diabetes or pre-diabetes [20]. Recent study 
results strongly suggested that TyG index may be used as 
a useful risk predictor to assess the long-term outcomes 
in acute ischemic stroke patients with DM [21]. Previous 
studies have found that TyG index, METS-IR, TyG-BMI 
index, and TG/HDL-C ratio are not only valid indicators 

Fig. 4 Association between TyG-BMI index (per 10 unit increase) and AF recurrence following ablation in different subgroups. AF, atrial fibrillation; CHD, 
coronary heart disease; DM,diabetes mellitus; TyG-BMI, triglyceride glucose-body mass index
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for assessing IR, but also may be associated with cardio-
vascular diseases [22, 23]. A study meta-analysis showed 
that higher levels of IR were associated with higher risk 
of heart failure after adjusting other risk factors. This 
association was present in the study including diabetic 
and non-diabetic patients [24]. Recent study revealed 
that elevated TyG index is associated with an increased 
risk of stroke in hypertensive patients [25]. Previous 
study also suggested that IR evaluated with homeostasis 
model assessment-IR index is independently associated 
with the presence of diffusion-weighted imaging lesions 
in patients with acute and subacute primary intrace-
rebral hemorrhage [26]. Moreover, one study found a 
higher incidence of AF in hospitalized patients with an 
elevated TyG index. After correction for traditional risk 
factors for AF, TyG index remained an independent risk 
factor for AF [27]. Another study revealed that homeo-
stasis model assessment of IR was independent risk fac-
tors for AF recurrence after RFCA in AF patients without 

diabetes [28]. Additional, recurrence of AF after abla-
tion was higher in diabetic patients than in non-diabetic 
patients, and metabolic abnormalities in diabetic patients 
have a key role in promoting arrhythmias [29]. However, 
data from the Framingham Heart Study fail to show rela-
tionship between IR and AF events [30]. In the present 
study, we first evaluated whether non-insulin-based IR 
related indicators could predict AF recurrence following 
ablation.

Results of the present study showed that AF patients 
in the AF recurrence group still had significantly higher 
TyG index, METS-IR, and TyG-BMI index than those in 
the non-recurrence group after adjusting for confound-
ing factors. Previous studies have shown that TyG-BMI 
index is associated with the development of coronary 
atherosclerosis and increased risk of ischemic stroke 
[31–33]. Our study revealed that TyG-BMI index was 
not only an independent risk factor for AF recurrence 
but also had the highest predictive value, compared with 

Fig. 5 Kaplan-Meier estimated event rates of AF recurrence following ablation according to cut-off values of ROC curves for insulin resistance indexes 
and AF duration or diabetes mellitus. AF, atrial fibrillation; METS-IR, metabolic score for insulin resistance; ROC, receiver operating curve; TyG-BMI, triglyc-
eride glucose-body mass index
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TyG index, METS-IR, and TG/HDL-C ratio. Evidence 
from the Korean population suggested that TyG-BMI 
index is superior to TyG index in predicting IR, which 
is consistent with the present study. Bello-Chavolla et al. 
introduced METS-IR as a promising new metric to assess 
cardio-metabolism risk and screen for insulin sensitivity 
[34]. To date, no studies have investigated the correla-
tion between METS-IR and recurrence after AF ablation. 
Notably, this study demonstrated that METS-IR could 
predict AF recurrence, with the higher predictive value 
compared with TyG index and TG/HDL-C ratio. Recent 
research showed that an elevated pre-ablation TyG index 
is associated with an increased risk of AF recurrence 
after RFCA in non-diabetic patients [35]. We demon-
strated that TyG index was an independent risk factor for 
recurrence after AF ablation, both in diabetic and non-
diabetic patients. However, we revealed that TG/HDL-C 
ratio was not an independent predictor for AF recurrence 
after adjusting for other risk factors. Wu et al. [36] also 
confirmed that TG/HDL-C ratio was not an independent 
predictor for the existence of CHD.

Recently, METS-IR and TyG-BMI have been rec-
ognized as a more reliable indicators for assessing IR 
[33, 37]. In our study, METS-IR and TyG-BMI index 
had a larger AUC area for AF recurrence after abla-
tion, compared to traditional risk factor BMI and AF 
type, although LA diameter had a larger AUC area than 
METS-IR and TyG-BMI index. The discovery in our 
study was improved in forecast precision for AF recur-
rence when integrating the METS-IR or TyG-BMI index 
into the baseline risk model. Furthermore, METS-IR or 
TyG-BMI index showed a significant interaction for AF 
recurrence in both DM and long duration of AF (≥ 24 
months) patients. DM may increase the size of LA or 
impair left ventricular diastolic function, accompanied 
by more co-morbidities, thereby increasing suscepti-
bility to AF [38]. Diabetes was usually accompanied by 
severe IR, compared with non-diabetes patients [39, 40]. 
Co-presence of DM and high TyG-BMI index or METS-
IR portends a high recurrence risk of AF. In addition, 
we also found that TyG-BMI index and METS-IR were 
significantly higher in individuals with recurrence com-
pared to those without recurrence, regardless of dia-
betes status. Moreover, Previous study demonstrated 
that the long duration of AF was an independent factor 
for recurrence following ablation [41]. A possible expla-
nation for the relationship between AF duration and 
recurrence is a vicious circle. Long AF duration prior 
to ablation, was often considered a surrogate marker 
for increased AF burden and enhanced atrial remodel-
ing, predicting a poorer prognosis [42]. We considered 
that the coexistence of IR and a long course of AF could 
promote metabolic disorders, which also suggested that 
early rhythm intervention might reduce late recurrence 

of AF. Therefore, long duration of AF or DM with high 
IR indexes should be recognized as a high-risk for recur-
rence and require an intensive follow-up after ablation. 
By conducting research in different groups from different 
angles, we can have a deeper understanding of non-insu-
lin-based IR indicators, selecting more valuable one for 
clinical application. Further investigations are urgently 
required to validate these findings.

A state of IR leads to an excessive accumulation of lip-
ids in cardiomyocytes. This accumulation results in a 
phenomenon known as “cardiac lipotoxicity”. Cardiac 
lipotoxicity induces cellular dysfunction, cardiomyocyte 
apoptosis and impaired myocardial metabolism. These 
changes may cause functional and structural alterations 
in cardiomyocytes, thereby increasing the risk of AF [43]. 
IR increases CaMKIIδ oxidation and phosphorylation 
levels of phosphatidylban/RyR2, which leading to abnor-
mal intracellular calcium homeostasis and atrial struc-
tural remodelling [44]. Animal studies have also found 
that IR induces impaired transport and expression of the 
major myocardial isoform of glucose transporter protein 
(GLUT) 4 and the novel subtype GLUT8, which increases 
the susceptibility to AF. IR was associated with multiple 
aspects of LA remodeling, including increased oxidative 
stress damage, elevated expression of hyperphosphory-
lated calc-related proteins, and cardiac fibrosis [45]. It 
has been shown that IR induces structural remodelling of 
the atria and abnormal intracellular calcium homeostasis 
[46]. Increased oxidative stress and inflammation were 
associated with impaired IR and insulin secretion, result-
ing in atrial electrical remodeling, LA fibrosis and LA 
low-pressure area, which may be the main components 
of the pathophysiology of AF [35, 47]. Most components 
of IR, such as abnormal glucose tolerance, obesity, and 
abnormal lipid levels, have been found to have a cumula-
tive effect on the risk of AF progression, which may be 
associated with AF recurrence after RFCA.

This study still had some limitations. First, the study 
had a retrospective nature, and selection bias could not 
be avoided. Second, when assessing the LA size, mea-
suring LA volume instead of LA diameter is recom-
mended. LA volume was not routinely measured in the 
present study. Third, some patients with AF recurrence 
might have been missed for asymptomatic arrhythmia, 
although we encouraged patients to contact the physician 
in the case of suspected recurrence symptoms. Our study 
follow-up was also based on 12-lead electrocardiogram 
or Holter monitoring. Patch-type ECG, patient-triggered 
detection devices, or implantable loop recorders were 
not used in this study, which may lead to missed diagno-
sis in patients with AF recurrence. In addition, despite 
adjusting for many potential confounders, there may 
still be unmeasured confounders that could influence 
the observed associations. Information on other glucose 
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related factors, diabetes medications, and insulin lev-
els, were not available. However, we excluded some fac-
tors that are closely related to drug use, such as HbA1c 
and DM. This might weaken the effect of the drug on the 
results. Our study did not further collect low voltage area 
of LA, so the relationship between IR and low voltage 
area of LA needs to be further evaluated. Furthermore, 
although we validated our findings using different statisti-
cal analysis and multiple Cox models. Non-insulin-based 
indicators of IR may be co-linear with hyperlipidemia, 
DM and other indicators in multivariate Cox models, 
leading to biased results of statistical analysis. Finally, our 
study was retrospective and did not collect complications 
after AF ablation to explore the correlation between IR 
and complications. To address these limitations, future 
prospective studies must include larger sample sizes and 
more extensive data to confirm our findings.

Conclusions
In summary, TyG index, METS-IR and TyG-BMI index 
were independently associated with AF recurrence fol-
lowing ablation. Non-insulin-based IR indexes may be 
useful for recurrence risk stratification for AF ablation. 
Comparison of the four non-insulin-based IR indexes 
showed that the TyG-BMI index had the highest pre-
dictive value for AF recurrence, followed by METS-IR. 
Co-presence of DM or long duration of AF and high 
TyG-BMI index or METS-IR portends a dismal progno-
sis. Our findings support the utility of non-insulin-based 
IR indexes as a reliable indicator for AF recurrence risk 
stratification in the real world. More studies are necessary 
to investigate if interventions that aim to address IR, as 
evaluated by non-insulin-based IR indexes, can improve 
the clinical outcomes for patients with AF ablation.
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