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Tyg index: a new predictor for poaf in cabg surgery

A novel predictor behind conventional risk factors of new-onset atrial 
fibrillation after off-pump coronary artery bypass graft surgery:  

the triglyceride-glucose index
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Abstract

Aim: Atrial fibrillation (AF), which frequently occurs after coronary artery bypass graft surgery (CABG), raises the risk of adverse events such 
as stroke and heart failure. Insulin resistance (IR) is a major risk factor for developing postoperative AF (POAF), and the triglyceride-glucose 
(TyG) index offers a more precise and reliable assessment of IR compared to the homeostasis model. This study investigated the correlation 
between preoperative TyG index levels and POAF in patients undergoing off-pump CABG.

Methods: Four hundred sixteen patients undergoing isolated off-pump CABG were included in the study. The preoperative TyG index and 
the presence of POAF were evaluated in all patients. Significant variables (P < .05) from univariate analysis were included in multivariate 
logistic regression to identify potential POAF risk factors. The TyG index’s predictive efficacy for POAF was assessed in two models: one with 
conventional risk factors and the other adding the TyG index.

Results: POAF was detected in 106 patients (25.5%), with significantly higher TyG index levels observed in POAF patients compared to those 
without POAF [9.8 (8.0-11.7) vs. 9.0 (7.7-11.1), P < .001]. The TyG index was found to be an independent predictor of POAF (P < .001) with 
moderate predictive power (AUC=0.767). Adding the TyG index to the model, which included age and left atrial diameter, significantly improved 
its predictive capacity for POAF (P = .038).

Conclusion: In our retrospective study, we identified the TyG index as an independent predictor of POAF in patients undergoing off-pump 
CABG.
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Introduction

Atrial fibrillation (AF) is the most common arrhythmia that 
occurs after coronary artery bypass graft surgery (CABG), with 
a prevalence of approximately 33%, typically within the first 
few days after the procedure. Noteworthy risk factors, including 
advanced age, impaired ventricular function, hypertension, and 
left atrial dilatation, are closely associated with the development 
of postoperative AF (POAF).1,2 Identifying high-risk patients for 
POAF before CABG is crucial, as it enables preoperative preventive 
measures and evaluation of modifiable risk factors.

Insulin resistance (IR) is associated with inflammation and 
oxidative stress, which contribute to left atrial remodeling. Studies 
have shown that IR is a recognized risk factor for developing POAF 
following CABG.3,4 However, there remains a gap in practical and 
accessible clinical tools that can predict AF after CABG and provide 
insights into IR.

The hyperglycemic-hyperinsulinemic clamp test is the reference 
method for evaluating IR in clinical settings. Although this test 
provides a comprehensive examination of IR by accurately 
measuring insulin sensitivity of peripheral tissues, its complexity 
limits routine use. The homeostasis model is often employed as  
a convenient option for evaluating IR in clinical practice.5 However, 
this test requires fasting blood insulin measurement, which is not 
routinely conducted.

In this context, the triglyceride-glucose (TyG) index, derived from 
triglyceride and glucose measurements, may offer a more accurate 
and reliable assessment compared to the traditional homeostasis 
model.6,7 The primary focus of this study was to investigate 
the association between preoperative TyG index levels and the 
development of POAF in patients undergoing off-pump CABG.

Materials and Methods

Study Population
This retrospective cross-sectional study enrolled 515 patients who 
received off-pump CABG at the Department of Cardiovascular 
Surgery between January 2015 and November 2022 and had no 
previous history of AF. Inclusion criteria were: age ≥18 years, 
undergoing first off-pump CABG after acute coronary syndrome 
or elective coronary angiography, and having normal sinus rhythm. 
The focus on off-pump CABG was chosen to minimize confounding 
factors related to different surgical approaches, given its higher 
prevalence in our clinic. Exclusion criteria included: high-degree 
heart block or permanent pacemaker placement, cardiogenic shock, 
left atrial diameter ≥55 mm, severe valve pathologies, previous 
paroxysmal AF attacks, prior amiodarone treatment, autoimmune 
diseases, malignancy, pregnancy, hyperthyroidism, chronic kidney 
failure requiring dialysis, advanced liver disease, and need for 
additional procedures such as valvular surgery or left ventricular 
aneurysmectomy. The primary outcome was the occurrence of 
POAF during hospitalization.

Surgical Technique and Procedural Strategies
All patients underwent off-pump CABG via midline sternotomy 
using standard surgical techniques. Saphenous vein grafts were 
harvested for conduit, and internal mammary artery grafts were 
used in most patients (93.5%). Potassium levels were maintained 
within 4.0-4.5 mEq/L. As part of the standard postoperative 
protocol, all patients received oral metoprolol succinate (25-200 
mg) to maintain heart rates below 80 bpm.

Laboratory Assessments
Demographic and clinical characteristics, along with preoperative 

triglyceride and glucose values, were obtained from medical 
charts. On the morning of surgery, after at least 8 hours of fasting, 
patients underwent standard laboratory tests. Fasting serum 
triglyceride and glucose levels were measured using the Roche 
Cobas 8000 analyzer (Roche Diagnostics, Mannheim, Germany). 
The TyG index was calculated as ln [fasting TG (mg/dL) × fasting 
plasma glucose (mg/dL)/2].

Cardiac Rhythm Evaluation
Cardiac rhythm was assessed using bedside monitors and  
twelve-lead ECGs immediately after surgery and daily until 
discharge. ECG recordings from patient files and clinical observation 
records were reviewed. POAF was defined as AF lasting ≥5 minutes 
or requiring cardioversion with electrical or antiarrhythmic drugs.

Echocardiographic Measurements
All patients underwent transthoracic echocardiography using 
a Philips EPIQ 7C ultrasound machine with an S5-1 probe. 
Measurements included left atrial anteroposterior diameter, 
ejection fraction, and valve pathology assessment.

Ethical Approval
This study was approved by the Ethics Committee of Karabük 
University (Date: 19.12.2022, Decision No: 2022/1171).

Statistical Analysis
Normality of data distribution was evaluated using the Kolmogorov-
Smirnov test. Variables were presented as percentages (%), 
means ± standard deviations, and medians with min-max values. 
Continuous variables were compared using independent sample 
t-tests or Mann-Whitney U tests, as appropriate. Categorical 
variables were analyzed with chi-square tests. The TyG index 
threshold for predicting POAF was determined using ROC 
analysis. Significant variables from univariate analysis (P < .05) 
were included in multivariate logistic regression models using the 
backward method. Predictive performance of the TyG index was 
compared between two models: one with conventional risk factors, 
and another with conventional risk factors plus the TyG index. 
Statistical significance was set at P < .05. Analyses were performed 
using IBM SPSS Statistics version 26 (IBM Corp., Armonk, NY).

Reporting Guidelines
This study was reported in accordance with the STROBE guideline.

Results  

Of the 515 patients at baseline, 56 were excluded because 
of missing pre-CABG triglyceride values, 23 did not meet the 
diagnostic criteria for AF episodes, and 20 did not meet other 
criteria, leaving 416 patients in the analysis (Figure 1). The 
demographic characteristics, echocardiographic findings, and 
laboratory results of the study patients are presented in Table 1. 
The study included predominantly male participants (78.1%) with 
a median age of 64 years (40-86). Following surgery, POAF was 
identified in 106 patients (25.5%). The POAF group had higher TyG 
index values compared to those without POAF [9.8 (8.0-11.7) vs. 
9.0 (7.7-11.1), P < .001].

Patients with POAF had a higher body mass index [29.4 (19.7-51.0) 
vs. 27.8 (17.0-44.1) kg/m², P = .010], and a higher prevalence of 
hyperlipidemia (P = .029), hypertension (P < .001), and diabetes  
(P = .002) compared to those without POAF.

Patients with POAF had greater left atrial anteroposterior diameter 
(41.6 ± 4.2 vs. 37.4 ± 3.5 mm, P < .001) and lower ejection fraction 
(EF) values (49.7 ± 9.7 vs. 53.3 ± 8.9 %, P = .001). However, no 
notable correlations were found between POAF and mild or 
moderate mitral regurgitation (P = .057). Compared to patients 
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Abbreviations: AF, atrial fibrillation; CABG, coronary artery bypass grafting; 
TG, triglycerides

Figure 1. Flow Chart 

The conventional risk factor model includes age and left atrial diameter

Figure 2. ROC Curves of the Conventional Risk Factor Model and 
the Conventional Risk Factor Plus TyG Index Model

Table 1. Clinical Characteristics of the Study Population

Abbreviations: ACS, acute coronary syndrome; CAB, coronary artery bypass grafting; eGFR, estimated glomerular filtration rate; HbA1c, glycated hemoglobin 
A1c; ICU, intensive care unit; POAF, postoperative atrial fibrillation.
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without POAF, those with POAF experienced prolonged durations 
of mechanical ventilation [9.0 (2.0–39.0) vs. 7.0 (3.5–46.0) hours,  
P < .001] and longer postoperative ICU stays [4 (1–29) vs. 3 (1–12) 
days, P < .001] (Table 1).

The relationship between the TyG index and AF in individuals 
with and without diabetes has yielded varied findings in previous 
studies.8-10 In light of this, we conducted an analysis focusing on 
the TyG index and its association with AF, considering patients’ 
diabetic status. For non-diabetic patients, significantly elevated 
TyG index values were observed in those who developed POAF 
compared to those without POAF [9.5 (8.0-10.4) vs. 8.8 (7.7-9.9),  
P < .001]. A similar difference was observed among diabetic 
patients who developed POAF compared to those without POAF 
[10.4 (8.2-11.7) vs. 9.3 (8.3-11.1), P = .003].

Univariate analysis demonstrated significant associations between 
POAF and preoperative variables including age, hyperlipidemia, 
diabetes mellitus, hypertension, LVEF, left atrial diameter, 
mechanical ventilation time, BMI, and TyG index. Male sex and 
mild/moderate mitral regurgitation did not show correlations with 
POAF. Multivariate analysis revealed that age (OR: 1.047, P = .025), 
left atrial diameter (OR: 1.373, P < .001), and TyG index (OR: 6.824, 
P < .001) independently contributed to POAF risk (Table 2).

The TyG index showed promise as a predictor for POAF, as 
evidenced by ROC curve analysis. The TyG index cutoff value of 
9.38 demonstrated a sensitivity of 69.8% and a specificity of 30% 
in identifying patients at risk of POAF. The area under the ROC 
curve for the TyG index was 0.767 (95% CI: 0.709–0.826, P < .001), 
indicating moderate predictive power. Notably, inclusion of the 
TyG index in the model (age + left atrial diameter) significantly 
enhanced predictive capacity for POAF in off-pump CABG patients 
(AUC: 0.709 [0.663–0.752] vs. 0.774 [0.731–0.813], P = .038) 

(Figure 2).

Discussion

To the best of our knowledge, this study is the first to establish 
the TyG index as a predictor for POAF in patients undergoing 
isolated off-pump CABG procedures. Our findings, along with ROC 
curve analysis, provide notable evidence supporting the TyG index 
as a reliable predictive tool to identify individuals susceptible to 
POAF. Moreover, including the TyG index with standard risk factors 
significantly enhanced predictive ability for POAF after surgery.

The prevalence of POAF in our study was 25.5%, closely resembling 
the reported rate of 24.9% in patients following CABG based on 
recent data.11 After surgical revascularization, patients who 
experience POAF tend to have higher postoperative morbidity and 
mortality rates and extended ICU and hospital stays.12,13 According 
to our findings, patients with POAF had prolonged mechanical 
ventilation times and hospitalization. Hence, identifying patients 
at high risk for POAF in CABG is important.

Garg et al.14 reported that fasting or post-glucose insulin levels as 
indicators of IR could not predict AF risk. Therefore, in indices such 
as the homeostasis model, which requires fasting insulin levels, 
the TyG index emerges as an IR indicator that can provide more 
valuable information regarding cardiovascular events such as AF.15-

17

The precise mechanism connecting the TyG index to POAF has 
not been definitively established. However, the TyG index, as  
an IR marker, holds significant potential in elucidating underlying 
factors contributing to POAF. A higher TyG index reflects elevated 
triglycerides or glucose, indicative of impaired glucose uptake and 
utilization, a hallmark of IR. Animal experiments have shown that 
IR causes atrial structural changes and increases AF susceptibility 
by disrupting calcium balance due to hyperglycemia.18 Studies 
have indicated that irregular calcium ion (Ca²⁺) handling is 
associated with abnormal electrical activity triggering AF.18,19 
Given hyperglycemia’s detrimental effects on Ca²⁺ regulation, it 
can significantly impact atrial electrical and structural remodeling, 
contributing to AF initiation.18,20

Consistent with prior studies, our research demonstrates a robust 
association between IR and AF.3,4 Chen et al.8 supported the TyG 
index’s role as a predictor of AF, showing a meaningful correlation 
between IR and AF and a higher prevalence of AF among 
hospitalized patients with elevated TyG index values. Importantly, 
the TyG index maintained its independent association with AF even 
after adjusting for other predisposing factors.8

Our study revealed an association between increased TyG index 
levels and POAF in both diabetic and non-diabetic patients. While 
this connection has been established in non-diabetic patients in 
prior research,8,9 the significant link between the TyG index and 
AF in diabetic patients remains less explored. Shi et al.21 studied 
3244 diabetic patients and found a strong linear correlation 
between the TyG index and AF prevalence. Their findings indicated 
the TyG index’s potential to enhance AF detection among diabetic 
individuals. Hyperglycemia, the primary driver of oxidative stress in 
diabetes, triggers reactive oxygen species generation, leading to 
atrial tissue changes and electrical disturbances—a pivotal factor 
in POAF development.22 In our study, the TyG index’s predictive 
efficacy for POAF among diabetic patients may be attributed to its 
incorporation of high blood glucose levels and its association with 
heightened oxidative stress.

Advanced age has been widely recognized as a primary risk factor 

Abbreviations: TyG, Triglyceride glucose index.

Table 2. Logistic Analysis for Predictors of Postoperative Atrial 
Fibrillation
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for POAF in cardiac surgery, and left atrial enlargement strongly 
correlates with POAF risk.1,23 Therefore, we included age and 
left atrial diameter as conventional risk factors in our predictive 
model to assess the TyG index’s ability to predict POAF. Similarly,  
a study conducted by Wei et al.24 on patients who underwent septal 
myectomy found that the TyG index independently predicted the 
occurrence of POAF. However, unlike their findings, the inclusion of 
the TyG index in our model significantly enhanced the accuracy of 
our predictive model, enabling the identification of patients at risk 
of developing POAF.

Limitations

Our study has certain limitations that should be acknowledged. 
Firstly, the retrospective design restricted our ability to capture 
all potential factors that could influence the occurrence of POAF. 
Additionally, the fasting plasma triglyceride and glucose levels 
assessment was limited to a single measurement before surgery, 
preventing us from evaluating the impact of changes in the TyG 
index on POAF. Lastly, the generalizability of our findings to other 
cardiac surgical procedures, such as on-pump CABG, may be limited 
as our study exclusively focused on off-pump CABG patients.

Conclusion

In the patients undergoing off-pump CABG, the TyG index was  
a notable independent predictor for POAF, regardless of their 
diabetic status. However, more large-scale multicenter and 
prospective studies are needed to confirm its efficacy before it 
can be used in clinical practice.
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