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Background: The incidence of postoperative adverse cardiovascular events (PACE) in non-cardiac surgery has significantly 
increased, severely affecting surgical outcomes and patient prognosis. This study investigates the relationship between preoperative 
triglyceride-glucose (TyG) index and PACE in patients who underwent non-cardiac surgery.
Methods: We conducted a single-center retrospective study, including adult patients (age ≥18 years) who underwent non-cardiac 
surgery. Univariate and multivariate logistic regression analyses assessed the relationship between the TyG index and PACE. Nonlinear 
correlations were investigated using restricted cubic splines (RCS). Additionally, subgroup analysis was performed to evaluate the 
relationship between the TyG index and PACE in different subsamples.
Results: 16,066 patients were studied, among which 1505 cases (9.37%) developed PACE, with a median TyG index of 8.61 (8.22, 
9.07). Using the lowest quartile of the TyG index as a reference, the fully adjusted (ORs) (95% CIs) for PACE in the second, third, and 
fourth quartiles of the TyG index were 1.78 (1.49~2.11), 2.16 (1.81~2.59), and 2.30 (1.88~2.83), respectively. After adjusting for all 
confounding factors, we found that patients with the highest TyG index had a 68% increased risk of PACE (OR 1.68, 95% CI 
1.50~1.90). The results of the subgroup analysis were similar to those of the primary analysis. The RCS model suggests a linear 
positive correlation between the TyG index and the risk of PACE occurrence. (P for overall < 0.001, P for nonlinear = 0.547).
Conclusion: This cohort study indicates that preoperative TyG index is linearly and positively correlated with an increased incidence 
of PACE in the non-cardiac surgery population. This finding suggests that intensifying the evaluation of the TyG index may provide 
a more convenient and effective tool for identifying individuals at risk of PACE during non-cardiac surgeries.
Keywords: postoperative adverse cardiovascular events, TyG index, non-cardiac surgery

Introduction
Globally, over 300 million major surgeries are performed annually, of which 85% are non-cardiac surgeries.1 In order to 
improve postoperative outcomes, it is crucial to promptly identify and optimally manage the main complications 
following non-cardiac surgery.2 The incidence of perioperative complications for non-cardiac surgery ranges from 7% 
to 11%, with a mortality rate between 0.8% and 1.5%, where cardiovascular complications account for up to 42%.3 

Postoperative adverse cardiovascular events (PACE) encompass a range of cardiovascular incidents that pose significant 
threats to patients’ perioperative safety and can impact their long-term prognosis. These events include arrhythmias, 
myocardial infarction, new-onset atrial fibrillation during the perioperative period, myocardial injury after non-cardiac 
surgery, and acute heart failure. Not only do these events present significant immediate health challenges for patients, but 
they also have profound implications for their recovery process and quality of life. PACE encompasses perioperative 
cardiovascular incidents distinct from long-term major adverse cardiovascular events (MACE).
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Insulin resistance (IR) is a pathophysiological state characterized by reduced sensitivity and responsiveness to insulin, 
ultimately leading to hyperglycemia.4 Perioperative IR can be observed in patients undergoing surgery, critically ill 
diabetic patients, as well as non-diabetic patients.5,6 IR-induced hyperglycemia leads to vascular dilation and impaired 
nitric oxide regeneration in endothelial cells, increased serum cytokine levels, neutrophil chemotaxis, and phagocytic 
function impairment, exacerbating the inflammatory response, increasing the risk of infection, and potentially leading to 
multiple organ dysfunction syndrome.7 IR has long been considered a risk factor for both microvascular and macro
vascular diseases.8 In recent years, the triglyceride-glucose (TyG) index, calculated based on triglycerides and fasting 
glucose levels, has emerged as a potential simple, convenient, and cost-effective alternative for detecting IR.9 Compared 
to the hyperinsulinemic-euglycemic clamp technique, the TyG index stands out due to its cost-effectiveness and ready 
availability.10 Prior research has demonstrated a close association between the TyG index and cardiovascular disease,11 

myocardial infarction,12 stent restenosis,13 the severity of coronary heart disease,14 ischemic stroke, atherosclerosis,15 

acute decompensated heart failure16 and incident atrial fibrillation.17 Therefore, we hypothesize that there is a correlation 
between the levels of TyG index in patients undergoing non-cardiac surgery and the incidence of PACE, suggesting that 
TyG index may play a role in risk stratification for PACE.

Based on available and detailed clinical information, this study explores the association between the TyG index and 
the risk of PACE in patients undergoing non-cardiac surgery. The results could contribute to developing new strategies to 
improve patient outcomes in this population and provide important new insights into the role of TyG index in predicting 
patient prognosis.

Materials and Methods
Study Design and Participants
We conducted an observational cohort study using the perioperative retrospective database of a large hospital in Xinjiang, 
China. This study includes a cohort of adult patients (aged ≥18 years) who underwent non-cardiac surgery under general 
anesthesia at the People’s Hospital of Xinjiang Uyghur Autonomous Region from 2015 to 2024. The Hospital 
Institutional Review Board approved this study protocol, and informed consent was waived due to the retrospective 
use of de-identified data. No clinical treatment or personal privacy information was involved.

We only considered data from their first surgery for inclusion in our analysis. Based on this criterion, we initially 
identified all non-cardiac surgeries performed under general anesthesia and with patients aged ≥18 years. Subsequently, 
we excluded organ transplant surgeries, obstetric surgeries, surgeries with an ASA score of 5 or 6, and surgeries for 
which the TyG index could not be calculated. This study adhered to the Strengthening the Reporting of Observational 
Studies in Epidemiology (STROBE) guidelines.18

Outcome Ascertainment
The primary endpoint of this study is PACE, which primarily encompasses postoperative new-onset angina, arrhythmias, 
myocardial infarction, myocardial ischemia, heart failure, and cardiac arrest. A PACE event is recorded if any of the 
aforementioned complications occur between the end of surgery and discharge. A physician diagnoses each condition and 
classifies it according to ICD-10-CM coding standards.

Data Collection
Data were collected from the perioperative database of the People’s Hospital of Xinjiang Uygur Autonomous Region. 
Potential confounding factors influencing the occurrence of PACE are categorized into preoperative and intraoperative 
variables. Preoperative variables of interest include patient demographics, clinical history, medication history, and 
laboratory tests: (1) demographics, such as age, gender, ethnicity, body mass index (BMI), smoking history, and baseline 
blood pressure; (2) clinical history, such as hypertension, diabetes mellitus, chronic obstructive pulmonary disease 
(COPD), hyperlipidemia, rheumatic diseases; (3) medication history, such as, angiotensin-converting enzyme inhibitor
(ACEI) /angiotensin receptor blocker (ARB), β-blockers, calcium channel blockers (CCB), diuretics, statins, antic
oagulants; (4) preoperative laboratory data, such as fasting blood glucose (FBG), triglycerides (TG), glycosylated 
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serum protein (GSP), hemoglobin (Hb), white blood cell (WBC) count, platelets (PLT), albumin (ALB), total cholesterol 
(TC), low-density lipoprotein cholesterol (LDL), high-density lipoprotein cholesterol (HDL), alanine aminotransferase 
(ALT), aspartate aminotransferase (AST), C-reactive protein (CRP). Intraoperative variables included ASA classification, 
type of surgery, duration of surgery, and blood loss. First, convert the units of FBG and TG from mmol/L to mg/dL, then 
calculate the TyG index as Ln[fasting TG (mg/dL) × FBG (mg/dL)/2]. Table S1 illustrates the extent of data missingness 
in this study. Although most variables exhibited only minor degrees of data incompleteness, multiple imputation was 
employed to preserve the largest possible sample size, thereby approximating the actual conditions more closely. 
Variables with a data missing rate exceeding 20% were excluded. For variables with a data missing rate below 20%, 
multiple imputation was performed using the “mice” package.19

Feature Screening
We utilized the Boruta algorithm to determine the most critical PACE features and construct the radiomics signatures. 
The Boruta algorithm is a feature selection and wrapping algorithm based on the random forest method. It identifies the 
importance of features by comparing the Z-scores of each feature with those of corresponding “shadow features”.20 

Using Boruta (Version: 8.0.0) for feature selection, the algorithm iteratively compares the importance of each original 
variable with its shadow variable. It determines the significance of each variable after 100 iterations or until all variables 
stabilize. The default parameters used by the Boruta algorithm are “P value = 0.01” and “maxRuns = 100”, which 
represent the significance level for feature selection and the maximum number of iterations for the algorithm, 
respectively.21

Statistical Analysis
This study divided the participants into four groups (Q1-Q4) based on quartiles of the TyG index. Categorical variables 
are presented as frequencies (percentages), and differences between groups were assessed using the chi-square test. For 
continuous variables that passed the normality test, data are presented as mean ± standard deviation, and differences 
between groups were evaluated using analysis of variance. For continuous variables that did not pass the normality test, 
data are presented as median (interquartile range, IQR), and differences between groups were assessed using the 
Kruskal–Wallis rank sum test. Univariate and multivariate logistic regression analyses were employed to statistically 
infer the relationship between the TyG index (independent variable) and PACE risk (dependent variable). There were four 
models to control for confounding factors. In Model 1, no covariates were adjusted. Model 2 was adjusted for gender, 
age, and BMI. Model 3 included the variables in Model 2 plus smoking history, hypertension, diabetes, baseline blood 
pressure, and the use of ACEI/ARB, β-blockers, diuretics, statins, and anticoagulants. Model 4 was built based on Model 
3 by adding TC, HDL, LDL, CRP, WBC, Hb, PLT, GSP, ALT, AST, ALB, ASA classification, intraoperative blood loss, 
and operation time. In Model 5, adjustments were made solely for FBG. The results were presented as odds ratio (OR) 
and their respective 95% confidence intervals (CI).

Additionally, restricted cubic spline (RCS) regression was employed to assess the potential nonlinear relationship 
between the TyG index and PACE risk. Subgroup analyses were also conducted based on age (<60 years or ≥60 years), 
gender (male or female), hypertension (presence or absence), diabetes (presence or absence), and smoking history 
(presence or absence) to determine whether the correlation between the TyG index and PACE differed among various 
subgroups. Interaction analysis was also performed to explore further the impact of subgroup factors on the predictive 
ability of the TyG index for PACE.

Using the data from Model 4, a sensitivity analysis was conducted by calculating E-values through the “EValue” 
R package.22 The E-value is primarily used to evaluate the impact of unmeasured confounding on the obtained results. 
Simply put, it refers to the minimum strength of association that an unmeasured confounder must have to overturn our 
current results, and the E-value represents this minimum required strength of association. The OR values of the 
confirmed PACE risk factors reported in the literature were compared with the E values from this study.23–25

All statistical analyses were conducted using R (version 4.3.2), with a significance threshold set at p < 0.05 (two-tailed).
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Results
Basic Characteristics of the Study Population
Using inclusion and exclusion criteria, 16,066 non-cardiac surgical patients from the perioperative database were 
included in the study (Figure 1). This study included a total of 7322 female patients (46%) and 8744 male patients 
(54%). The median age of the participants was 60.00 years (interquartile range: 49.00–71.00), and the median TyG index 
was 8.61 (interquartile range: 8.22–9.07). The overall incidence of PACE among the study participants was 9.37%, with 
an increasing trend as the TyG index increased across quartiles (Quartile 1: 6.56%; Quartile 2: 9.31%; Quartile 3: 
10.31%; Quartile 4: 11.38%). Baseline characteristics, as presented in Table 1 according to quartiles of TyG index, reveal 
that various factors, including age, gender, race, BMI, smoking history, baseline blood pressure, hypertension, diabetes, 
COPD, hyperlipidemia, β-blockers, CCBs, diuretics, statins, anticoagulants, GSP, Hb, WBC count, PLT, ALB, TC, LDL, 
HDL, ALT, AST, CRP, type of surgery, surgery time, and bleeding, showed significant differences (all p < 0.05) among 
the quartiles of the TyG index. Compared to those with the lowest TyG index, participants in the higher TyG index 
groups were significantly more likely to have diabetes, hypertension, and hyperlipidemia. They also had higher levels of 
GSP, Hb, WBC count, PLT, ALB, TC, LDL, ALT, AST, and CRP levels, lower HDL levels, and were more likely to be 
female smokers and undergo urgent surgery. No statistically significant differences were observed between the quartiles 
of the TyG index in terms of rheumatic diseases, ACEI/ARB, and ASA classification (all P > 0.05).

Feature Selection
The Boruta algorithm was employed to identify the actual feature set by accurately estimating the importance of each 
feature. In the Boruta algorithm, variables in the green area are identified as important features, while those in the red 
area are deemed unimportant. The Boruta method confirmed 30 significant variables most related to PACE risk 
(Figure 2). These factors were selected for the final fully adjusted model when their z-scores were higher than shadow 

Figure 1 Research flowchart. 
Abbreviations: PHXUAR, People’s Hospital of Xinjiang Uygur Autonomous Region; ASA, American society of anesthesiologists.
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Table 1 Baseline Characterization and Comparison

Characteristics Q1 (<8.22) Q2 (8.22–8.61) Q3 (8.61–9.07) Q4 (>9.07) p

(N=4113) (N=4005) (N=3986) (N=3962)

PACE < 0.001

No 3843 (93.44%) 3632 (90.69%) 3575 (89.69%) 3511 (88.62%)
Yes 270 (6.56%) 373 (9.31%) 411 (10.31%) 451 (11.38%)

Age (years) 59 [47,71] 61[51,71] 61 [51,71] 59 [48,69] < 0.001

Ethnicity < 0.001
Han 1859 (45.20%) 2017 (50.36%) 2098 (52.63%) 2127 (53.69%)

Uyghur 1446 (35.16%) 1330 (33.21%) 1297 (32.54%) 1295 (32.69%)

Others 808 (19.65%) 658 (16.43%) 591 (14.83%) 540 (13.63%)
Gender 0.001

Female 1781 (43.30%) 1803 (45.02%) 1856 (46.56%) 1882 (47.50%)

Male 2332 (56.70%) 2202 (54.98%) 2130 (53.44%) 2080 (52.50%)
Smoking 0.022

No 3648 (88.69%) 3526 (88.04%) 3512 (88.11%) 3428 (86.52%)

Yes 465 (11.31%) 479 (11.96%) 474 (11.89%) 534 (13.48%)
Hypertension < 0.001

No 2443 (59.40%) 1998 (49.89%) 1813 (45.48%) 1735 (43.79%)

Yes 1670 (40.60%) 2007 (50.11%) 2173 (54.52%) 2227 (56.21%)
Diabetes < 0.001

No 3717 (90.37%) 3348 (83.60%) 2986 (74.91%) 2132 (53.81%)

Yes 396 (9.63%) 657 (16.40%) 1000 (25.09%) 1830 (46.19%)
COPD 0.003

No 3933 (95.62%) 3809 (95.11%) 3810 (95.58%) 3832 (96.72%)

Yes 180 (4.38%) 196 (4.89%) 176 (4.42%) 130 (3.28%)
Hepatopathy < 0.001

No 2668 (64.87%) 2491 (62.20%) 2389 (59.93%) 2233 (56.36%)
Yes 1445 (35.13%) 1514 (37.80%) 1597 (40.07%) 1729 (43.64%)

Rheumatic 0.522

No 4043 (98.30%) 3943 (98.45%) 3934 (98.70%) 3904 (98.54%)
Yes 70 (1.70%) 62 (1.55%) 52 (1.30%) 58 (1.46%)

ACEI/ARB 0.294

No 2865 (69.66%) 2859 (71.39%) 2811 (70.52%) 2764 (69.76%)
Yes 1248 (30.34%) 1146 (28.61%) 1175 (29.48%) 1198 (30.24%)

β-blockers < 0.001

No 2944 (71.58%) 2816 (70.31%) 2709 (67.96%) 2660 (67.14%)
Yes 1169 (28.42%) 1189 (29.69%) 1277 (32.04%) 1302 (32.86%)

CCB < 0.001

No 2917 (70.92%) 2605 (65.04%) 2487 (62.39%) 2390 (60.32%)
Yes 1196 (29.08%) 1400 (34.96%) 1499 (37.61%) 1572 (39.68%)

Statins < 0.001

No 3151 (76.61%) 2999 (74.88%) 2856 (71.65%) 2774 (70.02%)
Yes 962 (23.39%) 1006 (25.12%) 1130 (28.35%) 1188 (29.98%)

Diuretic < 0.001

No 1690 (41.09%) 1851 (46.22%) 1908 (47.87%) 1806 (45.58%)
Yes 2423 (58.91%) 2154 (53.78%) 2078 (52.13%) 2156 (54.42%)

Anticoagulants 0.008

No 1572 (38.22%) 1678 (41.90%) 1604 (40.24%) 1566 (39.53%)
Yes 2541 (61.78%) 2327 (58.10%) 2382 (59.76%) 2396 (60.47%)

Emergency surgery < 0.001

No 3286 (79.89%) 3213 (80.22%) 3104 (77.87%) 3027 (76.40%)
Yes 827 (20.11%) 792 (19.78%) 882 (22.13%) 935 (23.60%)

(Continued)
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features in the Boruta analysis or when they had the maximum matching effect among a set of biomarkers (max, mean, 
and min) in terms of odds ratio or risk ratio upon addition to the model.

The Relationship Between TyG Index and Non-Cardiac Surgical PACE
To evaluate the relationship between the TyG index and PACE incidence in participants undergoing non-cardiac surgery, 
we established four logistic regression models (Table 2). Initially, Model 1 determined that for every one-unit increase in 
the TyG index, the risk of PACE increases by 39% (OR = 1.39, 95% CI: 1.28~1.50). In Model II, for every one-unit 
increase in the TyG index, the risk of PACE increases by 55% (OR = 1.55, 95% CI: 1.43~1.67). In Model III, for every 
one-unit increase in the TyG index, the risk of PACE increases by 75% (OR = 1.75, 95% CI: 1.60 ~ 1.91). In Model IV, 
for every one-unit increase in the TyG index, the risk of PACE increases by 68% (OR = 1.68, 95% CI: 1.50~1.90).

To further elucidate the relationship between the TyG index and the incidence of PACE, the TyG index was divided 
into quartiles. In the fully adjusted model IV, compared to the first quartile (Q1), the ORs for Q2, Q3, and Q4 were 1.78 
(95% CI: 1.49–2.11), 2.16 (95% CI: 1.81–2.59), and 2.30 (95% CI: 1.88–2.83), respectively. This indicates that, among 
non-cardiac surgery patients, participants in Q2, Q3, and Q4 had a 78%, 116%, and 130% higher risk of developing 
PACE compared to those in Q1.

To validate the independent effect of the TyG index, we established logistic regression Model 5 (Table S2). The model 
revealed that each 1-unit increase in TyG was associated with a 21% elevated risk of PACE (OR = 1.21, 95% CI: 1.10–1.33).

We employed RCS curves to assess the potential nonlinear relationship between the TyG index and PACE risk, as 
shown in Figure 3. Our results indicate that there is a linear relationship between the TyG index and the probability of 

Table 1 (Continued). 

Characteristics Q1 (<8.22) Q2 (8.22–8.61) Q3 (8.61–9.07) Q4 (>9.07) p

(N=4113) (N=4005) (N=3986) (N=3962)

ASA 0.196

1 34 (0.83%) 30 (0.75%) 33 (0.83%) 43 (1.09%)
2 164 (3.99%) 131 (3.27%) 128 (3.21%) 126 (3.18%)

3 3510 (85.34%) 3434 (85.74%) 3465 (86.93%) 3396 (85.71%)

4 405 (9.85%) 410 (10.24%) 360 (9.03%) 397 (10.02%)
TC (mmol/L) 3.57 [3.02,4.20] 4.02 [3.36,4.69] 4.23 [3.54,4.96] 4.63 [3.83,5.44] < 0.001

SBP (mmHg) 126 [114,140] 130.00 [118,143] 131 [120,145] 132.00 [120,147] < 0.001

DBP (mmHg) 76 [68,84] 78 [70,86] 79.00 [70,87] 80 [72,89] < 0.001
HDL (mmol/L) 1.07 [0.88,1.29] 1.02 [0.84,1.23] 0.97 [0.81,1.16] 0.92 [0.75,1.13] < 0.001

LDL (mmol/L) 2.12 [1.66,2.65] 2.46 [1.89,3.05] 2.58 [1.99,3.24] 2.62 [1.93,3.31] < 0.001

TG (mmol/L) 0.77 [0.64,0.91] 1.15 [1.00,1.30] 1.58 [1.33,1.83] 2.42 [1.86,3.21] < 0.001
FBG (mmol/L) 4.53 [4.11,5.01] 4.91 [4.46,5.57] 5.34 [4.72,6.33] 6.57 [5.27,8.96] < 0.001

BMI (kg/m2) 23.74 [21.11,26.56] 24.98 [22.49,28.04] 26.12 [23.66,29.32] 26.88 [24.22,30.09] < 0.001

CRP (mg/L) 5.13 [1.65,21.86] 6.21 [2.07,22.58] 5.88 [2.08,20.82] 6.06 [2.27,22.37] < 0.001
WBC (10^9/L) 6.13 [4.97,7.76] 6.46 [5.23,8.06] 6.64 [5.42,8.39] 7.12 [5.83,9.10] < 0.001

Hb (g/L) 131 [118,143] 134 [121,145] 135.00 [122,147] 137 [122,149] < 0.001

PLT (10^9/L) 228 [185,285] 234 [190,288] 236[193,287] 238 [192,290] < 0.001
GSP (µmol/L) 1.58 [1.38,1.73] 1.65 [1.44,1.79] 1.69 [1.51,1.89] 1.86 [1.65,2.14] < 0.001

ALT (U/L) 17.00 [12.00,25.90] 19.00 [13.40,29.46] 20.48 [14.00,32.00] 22.20 [15.10,38.00] < 0.001

AST (U/L) 19.00 [15.20,24.90] 19.80 [15.70,26.00] 20.00 [16.00,26.00] 21.00 [16.00,29.70] < 0.001
ALB (g/L) 37.80 [35.20,40.50] 38.65 [35.90,41.30] 39.30 [36.38,42.04] 39.48 [36.20,42.51] < 0.001

Bleeding (mL) 100 [50,300] 100 [50,300] 100.00 [50,300] 100.00 [50,300] < 0.001

Surgery time (h) 190[110,270] 180 [110,264] 175[110,255] 170.00 [105,250] < 0.001

Abbreviations: PACE, postoperative adverse cardiovascular events; COPD, chronic obstructive pulmonary disease; TC, total cholesterol; 
SBP, systolic blood pressure; DBP, diastolic blood pressure; HDL, high density lipoprotein; LDL, low density lipoprotein; TG, triglyceride; FBG, 
fasting blood glucose; BMI, body mass index; CRP, c-reactive protein; WBC, white blood cell, Hb, Hemoglobin; PLT, platelets; GSP, glycosylated 
serum protein; ALT, alanine transaminase; AST, aspartate aminotransferase; ALB, albumin.
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PACE risk (P overall < 0.001, P nonlinear = 0.547). When the TyG index is 9.298, it differentiates the risk of PACE, with 
the OR value for the TyG index close to 1.

Subgroup and Sensitivity Analyses
To further investigate the relationship between the TyG index and the incidence of PACE, subgroup and interaction 
analyses were conducted based on age (<60 years or ≥60 years), gender (male or female), hypertension (presence or 
absence), diabetes (presence or absence), and smoking (presence or absence). In the unadjusted model and adjusted 
model 4, the results of the stratified analysis (Figure 4) showed that the interaction was present only in the subgroup with 
hypertension (P for interaction = 0.004, 0.032), regardless of whether covariates were adjusted or not, while no 

Figure 2 Feature selection for the relationship between various TyG indices and the risk of PACE analyzed by the Boruta algorithm. (A). The process of feature selection. 
(B). The value evolution of Z-score in the screening process.
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interaction was observed in other subgroups (P for interaction > 0.05). The subgroup analysis was nearly consistent with 
the main study results.

Analysis of the E value using Model 4 data revealed that, under the control of measured confounders, unmeasured 
confounding effects would need to reach at least 2.75 to fully invalidate the observed OR in this study.26 The OR values 
of risk factors for PACE reported in other literature are all less than 2.75, indicating that the results of this study are 
robust.

Discussion
This single-center retrospective observational study evaluated the relationship between the TyG index and PACE. The 
results of the multivariate logistic regression indicate that a higher TyG index is independently associated with an 
increased risk of PACE. After adjusting for covariates, this finding remained consistent across subgroups stratified by 
age, gender, hypertension, and diabetes. There were no significant interactions between the baseline TyG index and the 
stratified variables, demonstrating the robustness of the study results. Furthermore, the RCS model based on the logistic 
regression model indicates that the TyG index has an approximately linear relationship with PACE, further validating the 
correctness of the aforementioned research findings. In conclusion, our study indicates that the TyG index serves as 

Table 2 Association Between the TyG Index and the Risk of PACE

PACE Model 1 Model 2 Model 3 Model 4

OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value

TyG index (continuous) 1.39 (1.28~1.50) <0.001 1.55 (1.43~1.67) <0.001 1.75 (1.60~1.91) <0.001 1.68 (1.50~1.90) <0.001

TyG index (quartiles)

Q1 1 (reference) 1 (reference) 1 (reference) 1 (reference)

Q2 1.46 (1.24~1.72) <0.001 1.64 (1.39~1.94) <0.001 1.81 (1.53~2.14) <0.001 1.78 (1.49~2.11) <0.001

Q3 1.64 (1.39~1.92) <0.001 1.97 (1.68~2.33) <0.001 2.28 (1.92~2.70) <0.001 2.16 (1.81~2.59) <0.001

Q4 1.83 (1.56~2.14) <0.001 2.28 (1.94~2.69) <0.001 2.73 (2.29~3.26) <0.001 2.30 (1.88~2.83) <0.001

Notes: TyG index: Quartile 1 (<8.22), Quartile 2 (8.22–8.61), Quartile 3 (8.61–9.07), and Quartile 4 (>9.07).

Figure 3 The restricted cubic spline (RCS) analysis between the TyG index and the risk of PACE.
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a valuable marker for PACE in non-cardiac surgery patients and may contribute to advancing preventive measures 
against PACE.

IR refers to the reduced ability of insulin-sensitive tissues, such as skeletal muscle and cardiac muscle, adipose tissue, 
and liver, to uptake glucose due to diminished biological effects of insulin.27 Extensive research has established that IR is 
an independent risk factor for cardiovascular events.4,28,29 The hyperinsulinemic-euglycemic clamp is the gold standard 
for assessing IR; however, its complex and costly technical requirements render it impractical for clinical settings.30 

Therefore, it is crucial to establish a reliable surrogate marker for broader IR evaluation. Simental-Mendía et al proposed 
in 2008 the use of the TyG index to measure IR.31 Previous studies have shown that TyG is a low-cost, simple, and 
widely applicable method for identifying IR.32 Compared to the hyperinsulinemic-euglycemic clamp technique, it 
exhibits higher sensitivity (96.5%) and specificity (85.0%).33 In patients with stable cardiovascular disease, the TyG 
index is positively correlated with the future occurrence of adverse cardiovascular events, such as non-fatal myocardial 
infarction, stroke, and revascularization after discharge.34 Wu et al identified the TyG index as a predictor of major 
adverse cardiovascular events in patients with premature coronary artery disease.35 Additionally, in a retrospective study 
involving 1932 patients with Type 2 diabetes who experienced acute myocardial infarction, TyG was identified as an 
independent predictor of major adverse cardiovascular and cerebrovascular events.36 Although existing studies have 
clarified the association between high TyG index and cardiovascular events, no study has yet explored its relationship 
with postoperative common complications PACE. PACE may have a severe adverse effect on patient prognosis and is 
worthy of further investigation. Our study found a significant association between the TyG index and the incidence of 
PACE in patients undergoing non-cardiac surgery: specifically, for every one unit increase in the TyG index, there was 
a 68% increased risk of developing PACE. This suggests that further research into the potential role of the TyG index in 
preventing and managing PACE is essential. Participants in the fourth TyG quartile of non-cardiac surgery patients have 
approximately 2.3 times the risk of developing cardiovascular disease compared to those in the first quartile. More 
importantly, our research further confirmed that this relationship is linear. These findings help clarify the predictive value 
of the TyG index in non-cardiac surgery populations, thereby enabling a more accurate identification of high-risk 
individuals. Our study also found statistically significant interactions among hypertension subgroups, indicating that 
managing the TyG index in individuals with hypertension can significantly reduce the incidence of PACE compared to 
those without hypertension. To further validate the independence of the TyG index, we adjusted for FBG using 
a multivariate logistic regression model. The results demonstrated that the TyG index remained significantly associated 
with PACE even after controlling for FBG (OR = 1.21, 95% CI: 1.10–1.33). This finding indicates that the predictive 

Figure 4 Subgroup analysis of the association between the TyG index and the risk of PACE. Adjusted for age (as a continuous variable), gender, hypertension, Diabetes, 
Smoking, baseline blood pressure, ACEI/ARB, β-receptor blockers, statins, diuretic, anticoagulants, TC, HDL, LDL, CRP, WBC, Hb, PLT, GSP, ALT, AST, ALB, ASA, bleeding, 
surgery time.
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value of TyG not only stems from glycemic levels but also reflects the specific role of TG in (IR. As a product function of 
TG and FBG, the TyG index provides a dual biomarker integrating both glycolipid metabolism parameters for 
preoperative risk assessment, holding significant clinical implications.

The potential mechanism by which the TyG index predicts future cardiovascular disease risk remains unclear, but it 
may be related to the following factors. The TyG index is an indicator composed of two cardiovascular disease risk 
factors; both lipid-related and glucose-related factors reflect IR in adults, which could be one explanation for this 
association.37 Research has indicated that IR triggers imbalances in glucose metabolism, leading to elevated blood 
glucose levels. This, in turn, further induces inflammatory responses and oxidative stress,38 which may contribute to the 
development of atherosclerosis.39 Secondly, IR can increase the production of glycosylation products and free radicals, 
leading to the inactivation of nitric oxide (NO)40 and impairing endothelial function by inducing excessive production of 
reactive oxygen species (ROS).41 This, in turn, may contribute to the development of cardiovascular diseases. 
Furthermore, IR promotes an increase in sympathetic excitability and an elevation in adrenaline secretion, leading to 
a vicious cycle of fluid activation. This cycle results in vasoconstriction and platelet aggregation. In severe cases, it can 
also lead to vascular narrowing.42 The aforementioned studies indicate that although the pathogenesis of cardiovascular 
diseases is complex, the IR index represented by the TyG index can explain some of the reasons and provide insights into 
the prevention and treatment of cardiovascular diseases.

Another finding of this study is that there is no interaction between the TyG index and PACE in individuals with or 
without diabetes. This indicates that IR can also be present in patients without diabetes, providing a pathophysiological 
basis for the transition from normal glucose tolerance (NGT) to prediabetes and diabetes.43 In patients with prediabetes, 
IR leads to relatively high blood glucose concentrations that do not meet the threshold for diabetes diagnosis. The results 
of a prospective cohort study in China indicate that an elevated TyG index can be used to predict the incidence of 
prediabetes.44 Previous studies on diabetic individuals have shown that a high TyG index is associated with major 
adverse cardiovascular and cerebrovascular events.45 However, few studies have been conducted in non-diabetic patients, 
especially among those undergoing non-cardiac surgery. Therefore, early preoperative screening using the TyG index 
could be utilized to identify patients at high risk for PACE and mitigate potential postoperative complications.

The strengths of this study are evident: Firstly, we focused on the correlation between preoperative IR status and 
PACE in non-cardiac surgery, an area with limited research. Secondly, we used multiple imputations to address missing 
covariate data, enhancing the statistical power and reliability of our analysis. Thirdly, we analyzed the TyG index as both 
a categorical and continuous variable to assess its association with PACE, thereby identifying risk differences across 
various TyG index levels and aligning with clinical practice. Fourthly, subgroup analysis revealed specific subpopulations 
within the non-cardiac surgery cohort where controlling the TyG index significantly reduced cardiovascular risks, and 
sensitivity analysis was conducted to evaluate the robustness of our findings.

However, the following limitations of this study remain. Firstly, we conducted a single-center retrospective study in 
China, which may have underestimated the incidence of PACE, and the generalizability of these findings may be limited. 
Secondly, we did not perform hyperinsulinic-euglycemic clamp tests on the participants as these are not routine clinical 
trials. However, the TyG index can be used to assess IR, and it is still necessary to use gold standards associated with IR 
in further prospective studies to elucidate the relationship between IR and PACE. Lastly, as an observational study 
focused on non-cardiac surgery patients, it is important to acknowledge the wide range of surgical procedures and patient 
characteristics involved. One potential limitation of this study lies in the extended timeframe of data collection (2015
–2024), during which progressive refinements in surgical techniques and anesthetic management may have gradually 
influenced the incidence of PACE. Although we have adjusted for confounding factors including surgical category, ASA 
classification, and operative duration, the potential impact of temporal technological advancements on outcomes cannot 
be entirely excluded. It should be noted that no substantial modifications to the standard operating procedures (SOP) for 
surgical and anesthetic protocols were implemented at our institution during the study period. Future investigations 
employing multicenter designs or narrower temporal windows may further validate the robustness of these findings.
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Conclusion
This retrospective cohort study demonstrates a linear positive correlation between preoperative TyG index and increased 
incidence of PACE in non-cardiac surgical patients. Enhanced preoperative TyG index evaluation may offer a practical 
clinical tool for early identification of high-risk populations.
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