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Predictive value of the triglyceride-glucose
index for coronary artery bypass grafting-
acute kidney injury patients
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Abstract

Background Acute kidney injury (AKI) is a common and serious complication after coronary artery bypass grafting

(CABQ), significantly affecting patient outcomes. The triglyceride-glucose (TyG) index, a marker of insulin resistance,

has shown potential in predicting various metabolic and cardiovascular conditions. This study aimed to evaluate the
predictive value of the TyG index for AK| occurrence following CABG.

Methods This retrospective, single-center study included 3,260 patients who underwent CABG. Patients were
categorized into AKl and non-AKI groups based on postoperative renal function. The preoperative TyG index was
calculated from fasting blood glucose and triglyceride levels. Patients were further divided into quartiles based on the
TyG index. Logistic regression analysis was used to assess the relationship between TyG index and AKI risk. Subgroup
analyses and spline regression were employed to explore potential interactions and non-linear relationships.

Results Of the 3,260 patients, 514 (15.8%) developed AKI. Baseline characteristics showed that AKI patients had
significantly higher levels of hemoglobin (Hb), alanine aminotransferase (ALT), aspartate aminotransferase (AST),
triglycerides (TG), total cholesterol (TC), high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein
cholesterol (LDL-C), and glucose, while brain natriuretic peptide (BNP) levels were lower compared to non-AKI
patients. Logistic regression analysis confirmed that the TyG index was an independent risk factor for AKI following
CABG, both as a continuous variable (OR 1.034 [95% CI 1.017-1.050], p < 0.001) and when grouped by quartiles. A non-
linear relationship between TyG index and AKI risk was observed, with a significant increase in AKl risk when the TyG
index exceeded 5.4. Subgroup analyses revealed that this association was consistent across multiple patient groups,
including those stratified by age, sex, BMI, extracorporeal circulation use, and comorbidities such as hypertension,
diabetes, and hyperlipidemia.

Conclusions The preoperative TyG index is a significant independent predictor of AKI after CABG, with a dose-
response relationship observed across various subgroups. Monitoring the TyG index can help identify high-risk
patients, potentially guiding early intervention and improving postoperative outcomes. These findings underscore
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the potential of the TyG index as a valuable tool for predicting AKl in clinical practice, warranting further validation in

prospective studies.
Keywords CABG, AKI, Triglyceride-glucose

Introduction

Coronary artery bypass grafting (CABG) is one of the
standard procedures for treating severe coronary artery
disease [1]. However, postoperative Acute kidney injury
(AKI) remains a common and serious complication that
significantly affects patient outcomes [2]. The occurrence
of AKI is associated with multiple factors, including
the trauma from surgery, anesthesia, the use of medica-
tions, and intraoperative hemodynamic changes [3]. AKI
not only prolongs hospital stay and increases healthcare
costs, but it can also lead to long-term kidney dysfunc-
tion, systemic complications, and higher mortality rates
[4]. Therefore, identifying high-risk patients and imple-
menting early preventive and intervention strategies are
crucial for improving postoperative outcomes in CABG
patients.

In recent years, the triglyceride-glucose (TyG) index,
a marker of insulin resistance (IR), has been widely used
for predicting and assessing metabolic diseases [5]. The
TyG index is calculated from fasting blood glucose (FBG)
and triglyceride (TG) levels and effectively reflects abnor-
malities in glucose and lipid metabolism [6]. Previous
studies have shown that the TyG index is closely associ-
ated with the occurrence and prognosis of cardiovascu-
lar diseases, diabetes, and other metabolic disorders [7,
8]. Given that insulin resistance is a key risk factor for
the development of AKI, recent studies have begun to
explore the relationship between the TyG index and AKI.
Particularly in acutely ill patients, insulin resistance may
exacerbate kidney injury and hinder recovery.

As a potential predictor of AKI, the TyG index could
play a significant role in forecasting postoperative AKI
following CABG. While the prognostic value of the TyG
index has been widely validated in other diseases and
clinical settings, its application in predicting AKI after
CABG has not been sufficiently explored. Therefore, this
study aims to assess whether the TyG index can serve
as an effective indicator for predicting AKI after CABG,
providing clinicians with a simple, cost-effective tool for
early identification of high-risk patients and personalized
intervention and management.

Methods

Data sources

This study employed a retrospective design, with data
sourced from patients who underwent coronary artery
bypass grafting (CABG) at Beijing Anzhen Hospital
between January 2022 and December 2023. The study
adhered to ethical guidelines and was approved by the

hospital’s ethics committee. As a retrospective study uti-
lizing de-identified clinical data, the ethics committee
waived the requirement for informed consent.

Study population

The inclusion criteria were as follows: patients diagnosed
with coronary artery disease and scheduled for coronary
artery bypass grafting (CABG); patients aged>18 and
<80 years. The exclusion criteria included: preoperative
renal dysfunction, including patients with chronic kidney
disease, those on dialysis, and others; patients undergo-
ing concomitant valve surgery, major vascular surgery,
or other procedures; and to ensure the completeness of
clinical data for all enrolled patients, those with missing
or incomplete clinical information were excluded. This
approach was taken to minimize potential bias and the
impact of missing data on the results.

The primary endpoint of this study was the occurrence
of acute kidney injury (AKI) after CABG surgery.

AKI was defined according to the “Kidney Disease:
Improving Global Outcomes” (KDIGO) guidelines [9].
AKI was defined as an increase in serum creatinine (Scr)
of 20.3 mg/dL within 48 h or an increase in Scr of 21.5
times baseline within 7 days.

Data collection

All clinical data required for this study were retrieved
from the electronic medical record system at Beijing
Anzhen Hospital, including basic patient information,
preoperative and postoperative clinical test results, tri-
glyceride (TG) and fasting blood glucose (FBG) levels,
and postoperative renal function parameters. All data
were anonymized to ensure compliance with privacy pro-
tection requirements.

TyG index calculation

The TyGindex was calculated using the following for-
mula: TyG index = TG [mg/dL]*FBG [mg/dL]/2. To assess
the predictive value of the TyG index for AKI following
CABG, patients were divided into four groups based on
the TyG index quartiles on the first day of hospitalization.
For patients with multiple measurements, the first TyG
index measurement within 24 h of admission was used
for analysis.

Statistical analysis

All data were analyzed using SPSS version 24.0 (USA)
and R software (Version 4.2.0). Descriptive statistics
were first employed to summarize the basic clinical
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characteristics of the patients. The baseline characteris-
tics of the four groups based on the TyG index were then
compared using chi-square tests for categorical variables
and Kruskal-Wallis tests for continuous variables, as the
latter were not normally distributed. In cases where con-
tinuous variables were normally distributed, one-way
ANOVA was used for group comparisons.

Subsequently, multivariate regression analysis was
performed to evaluate the association between the TyG
index and postoperative AKI, adjusting for potential con-
founding factors, and calculating the odds ratio (OR)
with its 95% confidence interval (CI). Additionally, logis-
tic regression models were used to further assess the
sensitivity, specificity, and predictive performance of the
TyG index in forecasting AKI occurrence. Spline curves
were applied to examine the non-linear relationship
between the TyG index and AKI prediction. A two-tailed
p-value of <0.05 was considered statistically significant.

Ethical statement

The data used in this study were obtained from the clini-
cal database of Beijing Anzhen Hospital, with all patient
information de-identified to comply with privacy pro-
tection regulations. The study was approved by the hos-
pital’s ethics committee and adhered strictly to ethical
guidelines.

Page 3 of 10

Results

Baseline characteristics

A total of 6,780 patients who underwent coronary artery
bypass graft (CABG) surgery were included in the data,
with 5,783 patients undergoing isolated CABG. Based on
the inclusion and exclusion criteria, 3,260 patients were
included in this study. The patient selection flowchart is
shown in Fig. 1. Table 1 compares the baseline character-
istics of patients with and without AKIL.

Regarding laboratory parameters, patients with AKI
had significantly higher levels of hemoglobin (Hb), ala-
nine aminotransferase (ALT), aspartate aminotransferase
(AST), triglycerides (TG), total cholesterol (TC), high-
density lipoprotein cholesterol (HDL-C), low-density
lipoprotein cholesterol (LDL-C), and glucose (Glu), while
their B-type natriuretic peptide (BNP) levels were lower
compared to non-AKI patients. Subsequently, these
patients were divided into four groups based on the quar-
tiles of their TyG index. The baseline characteristics of
each group are shown in Table 2.

Primary endpoint

Among the 3,260 patients, 514 (15.8%) developed AKI.
Table 2 shows the differences in the cumulative incidence
of AKI during hospitalization across the four groups.
We also observed that the incidence of AKI gradually

December 2023 (n=6,780)

Data were collected from patients who underwent CABG at
Beijing Anzhen Hospital between January 2022 and

Excluded patients with preoperative renal
dysfunction(n=314), those undergoing

A

concomitant valve surgery(n=564), major
vascular surgery(34), and other
conditions.(n=85)

Patients who underwent isolated CABG. (n=5,783)

Excluded patients with incomplete clinical

A

and laboratory data. (n=2,523)

Patients who underwent isolated CABG and had complete
data meeting the inclusion criteria. (n=3,260)

Q1 Q2 Q3
(n=815) (n=815) (n=815)

Q4
(n=815)

Fig. 1 Flow chart of patient selection
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Table 1 Baseline characteristics of the AKI and Non-AKI groups
All patients (N=3260) Non-AKI (N=2746) AKI (N=514) p.value

Gender

Female 841 (25.8%) 666 (24.3%) 175 (34.0%) <0.001

Male 2419 (74.2%) 2080 (75.7%) 339 (66.0%)
Age, years 64.0 (57.0-69.0) 63.5 (57.0-69.0) 64.0 (57.0-69.0) 0.384
BMI 255 (23.6-27.7) 256 (23.6-27.7) 25.3(23.4-27.7) 0.143
Cardiopulmonary bypass 614 (18.8%) 536 (19.5%) 78 (15.2%) 0.0244
MI 524 (16.1%) 442 (16.1%) 82 (16.0%) 0.988
Stenocardia 2992 (91.8%) 2513 (91.5%) 479 (93.2%) 0.237
STEMI 112 (3.4%) 103 (3.8%) 9(1.8%) 00313
NSTEMI 156 (4.8%) 129 (4.7%) 27 (5.3%) 0.668
hypertension 2194 (67.3%) 1847 (67.3%) 347 (67.5%) 0.953
Diabetes 1304 (40.0%) 1087 (39.6%) 217 (42.2%) 0.285
Hyperlipidemia 1737 (53.3%) 1460 (53.2%) 277 (53.9%) 0.8
Cerebral infarction 400 (12.3%) 334 (12.2%) 66 (12.8%) 0.722
COPD 74 (2.3%) 56 (2.0%) 18 (3.5%) 0.0598
PCl 336 (10.3%) 285 (10.4%) 51 (9.9%) 0.815
Hb 117.0 (99.0-136.0) 115.0 (98.0-134.0) 128.0 (104.0-145.0) <0.001
ALT 23.0(15.0-38.0) 22.0(15.0-36.0) 25.0(16.0-44.0) <0.001
AST 22.0(17.0-34.0) 22.0(17.0-34.0) 24.0 (18.0-33.0) 0.0241
1G 14(1.0-19) 14(1.0-19) 1.6 (1.2-2.1) <0.001
TC 3.8(3.2-4.5) 3.8(3.2-44) 4.2 (3.6-4.8) <0.001
HDL-C 1.0(0.8-1.1) 09(0.8-1.1) 1.0(0.9-1.2) <0.001
LDL-C 22(1.7-2.7) 22(1.7-2.7) 24(1.9-3.0) <0.001
Urea 6.2 (4.8-8.0) 6.2 (4.8-8.0) 6.4 (5.0-8.2) 0.0889
Scr 73.1(31.2-106) 72.8(36.7-106) 73.1(31.2-106) 0.599
UA 326.6(272.5-386.8) 327.3(274.3-387.4) 321.1 (264.7-380.6) 0.169
CK-MB 2.8 (1.6-5.6) 29(1.6-5.7) 2.6(1.5-5.3) 0.0528
BNP 191.5 (83.0-376.0) 201.0 (87.0-388.0) 145.0 (62.0-315.0) <0.001
EF 60.0 (54.0-65.0) 60.0 (54.0-65.0) 60.0 (54.0-65.0) 0.768
Glu 72(56-99) 72 (56-9.8) 74 (5.6-10.0) 0418
TyG-index 53(3.6-8.1) 52(3.5-7.8) 6.0 (4.0-9.2) <0.001

MI: myocardial infarction; COPD: chronic obstructive pulmonary disease; PCl: percutaneous coronary intervention; Hb: hemoglobin; ALT: alanine aminotransferase;
AST: aspartate aminotransferase; TG: triglycerides; TC: total cholesterol; HDL-C: high-density lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol; UA:
uric acid; CK-MB: creatine kinase-MB; BNP: B-type natriuretic peptide; EF: ejection fraction; Glu: Glucose; TyG-index: triglyceride glucose index

increased with higher quartiles of the TyG index (log-
rank P<0.001).

As shown in Table 3, logistic regression models con-
firmed the independent impact of the TyG index on the
incidence of CABG-related AKI. Logistic regression anal-
ysis revealed that the TyG index was a significant risk fac-
tor for AKI in the unadjusted model (OR, 1.034 [95% CI,
1.017-1.050], P<0.001), partially adjusted model (OR,
1.033 [95% CI, 1.016—-1.049], P<0.001), and fully adjusted
model with the TyG index as a continuous variable (OR,
1.032 [95% CI, 1.016-1.048], P<0.001).

Furthermore, when the TyG index was treated as a cat-
egorical variable, patients in the fourth quartile (Q4) had
a significantly higher risk of AKI compared to those in
the first quartile (Q1). In the unadjusted model, the odds
ratio (OR) for AKI in Q4 was 1.89 (95% CI, 1.45-2.49,
P<0.001); in the partially adjusted model, OR was 1.86
(95% CI, 1.42-2.46, P<0.001); and in the fully adjusted

model, OR was 1.86 (95% CI, 1.42-2.46, P<0.001). Com-
pared to patients in Q1, the risk of AKI increased with
higher quartiles of the TyG index.

In this study, we used spline curves to analyze the rela-
tionship between the TyG index and CABG-related acute
kidney injury (CABG-AKI) (Fig. 2). The results showed
that the risk of AKI significantly increased when the TyG
index reached 5.4. Specifically, the relationship between
the TyG index and AKI risk was non-linear, with the risk
of AKI progressively rising as the TyG index increased.
After reaching the critical threshold of 5.4, the risk of
AKI sharply escalated, suggesting that a high TyG index
may be an important predictor of postoperative AKI in
CABG patients. This finding underscores the importance
of monitoring and managing the TyG index in clinical
practice to reduce the incidence of postoperative AKI.

Further stratified and interaction analyses revealed that
the association between the TyG index and AKI risk was
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Table 2 Baseline characteristics according to TyG quartiles
Overall Q1(0.89-3.58) Q2(3.58-5.31) Q3 (5.31-8.09) Q4 (8.09-85.43) p.value
(N=3260) (N=815) (N=815) (N=815) (N=815)

Gender <0.001

Female 841 (25.8%) 165 (20.2%) 209 (25.6%) 230 (28.2%) 237 (29.1%)

Male 2419 (74.2%) 650 (79.8%) 606 (74.4%) 585 (71.8%) 578 (70.9%)
age 62.6 (8.74) 62.3(9.20) 63.0(8.381) 62.5(8.34) 62.7 (8.58) 0.445
BMI 25.2 (3.08) 25.7 (3.22) 25.9(3.16) 26.2 (3.18) 25.7 (3.18) <0.001
Cardiopulmonary bypass 614 (18.8%) 162 (19.9%) 160 (19.6%) 163 (20.0%) 29 (15.8%) 0.091
MI 524 (16.1%) 130 (16.0%) 125(15.3%) 129 (15.8%) 40 (17.2%) 0.775
stenocardia 2992 (91.8%) 755 (92.6%) 740 (90.8%) 751 (92.1%) 746 (91.5%) 0.562
STEMI 112 (3.4%) 21(2.6%) 35(4.3%) 27 (3.3%) 29 (3.6%) 0.296
NSTEMI 156 (4.8%) 39 (4.8%) 40 (4.9%) 38 (4.7%) 39 (4.8%) 0.997
hypertension 2194 (67.3%) 547 (67.1%) 528 (64.8%) 546 (67.0%) 573 (70.3%) 0.125
Diabetes 1304 (40.0%) 326 (40.0%) 318 (39.0%) 308 (37.8%) 352 (43.2%) 0.142
hyperlipidemia 1737 (53.3%) 438 (53.7%) 433 (53.1%) 445 (54.6%) 421 (51.7%) 0.679
cerebral infarction 400 (12.3%) 98 (12.0%) 91 (11.2%) 111 (13.6%) 00 (12.3%) 0.503
COPD 74 (2.3%) 20 (2.5%) 18 (2.2%) 17 (2.1%) 19 (2.3%) 0.964
pCl 336 (10.3%) 89 (10.9%) 79 (9.7%) 90 (11.0%) 78 (9.6%) 0.655
Hb 117 (234) 115 (22.4) 117 (23.1) 119 (23.9) 117 (23.9) <0.001
ALT 433 (128) 46.1 (169) 34.8 (42.9) 493 (162) 43.1(96.7) 0.291
AST 425(192) 49.8 (286) 32.6(53.1) 48.1(211) 39.3(135) 0.0291
TG 1.64 (1.03) 0.964 (0.278) 1.34(0.365) 1.66 (0.506) 2.60(1.53) <0.001
TC 3.95(1.02) 3,62 (0.898) 3.81(0.944) 4.01 (0.991) 436 (1.10) <0.001
HDL-C 0.992 (0.232) 1.06 (0.259) 0.997 (0.225) 0.979 (0.217) 0.934 (0.209) <0.001
LDL-C 2.32(0.854) 2.13(0.775) 2.27 (0.825) 2.38 (0.865) 2.50 (0.904) <0.001
Urea 6.87 (3.32) 643 (2.51) 6.63 (2.68) 7.03 (3.39) 7.39 (4.29) <0.001
Scr 73.1(15.1) 70.8(14.7) 71.1(14.9) 73401.51) 76.9(15.1) <0.001
UA 334(91.2) 343 (91.4) 338(90.1) 338(95.3) 317 (85.8) <0.001
CK-MB 7.56 (34.6) 7.50(23.3) 861 (584) 769 (21.8) 645 (18.7) 0.0048
BNP 308 (414) 321 (440) 303 (381) 307 (436) 300 (398) 0335
EF 585 (9.19) 58.7 (9.14) 584 (8.94) 58.6 (9.30) 58.2 (9.40) 0382
Glu 8.18 (3.44) 5.90 (1.56) 7.06 (2.12) 861 (2.88) 11.2 (4.09) <0.001
AKI 514 (15.8%) 100 (12.3%) 110 (13.5%) 134 (16.4%) 170 (20.9%) <0.001

MI: myocardial infarction; COPD: chronic obstructive pulmonary disease; PCl: percutaneous coronary intervention; Hb: hemoglobin; ALT: alanine aminotransferase;
AST: aspartate aminotransferase; TG: triglycerides; TC: total cholesterol; HDL-C: high-density lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol; UA:
uric acid; CK-MB: creatine kinase-MB; BNP: B-type natriuretic peptide; EF: ejection fraction; Glu: Glucose; TyG-index: triglyceride glucose index; AKI: acute kidney

injury

Table 3 The incidence of AKl in the different groups

Variable Model 1 Model 2 Model 3

OR (95% Cl) p-value OR (95% Cl) p-value OR (95% Cl) p-value
AKl incidence
Continuous variable per 1 unit 1.034 (1.017-1.050) <0.001 1.033 (1.016-1.049) <0.001 1.032 (1.016-1.048) <0.001
Quartile®
Q1 Ref. Ref. Ref. Ref. Ref. Ref.
Q2 1.12(0.84-1.49) 04541 1.10(0.82-1.47) 0.5285 1.11(0.83-1.49) 04742
Q3 1.40(1.06-1.86) 00178 1.37(1.04-1.82) 0.0277 1.37(1.04-1.83) 0.0281
Q4 1.89(1.45-2.49) <0.001 1.86(1.42-2.46) <0.001 1.86(1.42-2.46) <0.001

Logistic proportional TyG index for AKl incidence. Model 1 was unadjusted, Model 2 was adjusted for gender, age and BMI, Model 3 was adjusted for the variables
in model 2 and further adjusted for cardiopulmonary bypass, M, stenocardia, hypertension, Diabetes, hyperlipidemia, and cerebral infarction. a TyG index Triple

Quartile Q1: 0.89-3.58; Q2: 3.58-5.31; Q3: 5.31-8.09; Q4: 8.09-85.4

significant across various subgroups of CABG patients
(Fig. 3). The analysis indicated that the link between
the TyG index and AKI risk was consistent across mul-
tiple subgroups, particularly in patients aged <65 years,

women, those with low or high BMI, those who did or
did not undergo cardiopulmonary bypass, patients with
perioperative angina, and those with or without a his-
tory of hypertension, diabetes, and hyperlipidemia. A
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OR (95%Cl)
N
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TyG index=5.4

20 30

TyG index

Fig. 2 Spline Chart for the TyG index hazard ratio

significant dose-response relationship was observed in
these subgroups. These findings suggest that the TyG
index may influence AKI risk in different ways depending
on patient clinical characteristics, further validating its
potential value as a predictor of AKI in CABG patients.

Discussion

In this study, we explored the relationship between the
TyG index and acute kidney injury (AKI) in patients
undergoing coronary artery bypass grafting (CABG).
The TyG index, an indirect marker of insulin resistance,
reflects the degree of metabolic disturbance, and insu-
lin resistance itself is considered one of the potential
risk factors for the development of AKI [10]. Through a
retrospective analysis of 3,260 CABG patients, we iden-
tified a significant dose-response relationship between
the TyG index and the risk of AKI, with this association
being consistent across multiple subgroups. This finding

provides a novel perspective for predicting and manag-
ing postoperative AKI in CABG patients, particularly in
high-risk populations.

In addition to the focus on AKI, our study also aligns
with other research demonstrating the broader rele-
vance of the TyG index in various health conditions. For
instance, higher TyG index levels have been positively
correlated with an increased incidence of periodonti-
tis, with the TyG index emerging as the most significant
factor associated with periodontitis in non-diabetic men
[11]. Furthermore, a significant independent association
between the TyG index and skeletal muscle mass loss
(SMM-L) [12] suggests that it may serve as a valuable
marker for muscle health. The TyG index has also been
identified as an important prognostic indicator for arthri-
tis [13] and is significantly correlated with sensorineural
hearing loss (SNHL) [14], highlighting its potential rel-
evance to auditory health.
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Variables n (%) TyG<5.4 TyG=5.4 OR (95%CI) ; P P for interaction
All patients 3260 (100.00) 217/1668  297/1592 1.54 (1.22 ~ 1.95) D—e— <001
Age ; 0.289
<65 1772 (54.36)  106/897 160/875  1.71 (1.23 ~ 2.36) —a—  0.001
=65 1488 (45.64) 111/771 137/717  1.39(0.99 ~ 1.96) —a—— 0058
Gender 0.581
Female 841 (25.80)  63/386 112/455  1.96 (1.29 ~ 2.96) i = 0.002
Male 2419 (74.20) 154/1282 185/1137 1.36(1.02 ~ 1.81) [ 0.036
BMI 0.887
<24 2525(77.45) 174/1332  225/1193 1.46(1.12~1.91) P —a—  0.005
=24 735(22.55)  43/336 72/399 1.69 (1.02 ~ 2.79) I—I—> 0.041
Cardiopulmonarybypass E 0.878
No 2646 (81.17) 180/1336  256/1310 1.57 (1.22~2.02) P —a— <001
Yes 614 (18.83)  37/332 41/282 1.50 (0.76 ~ 2.98) }—'—I—> 0.243
Stenocardia 0.993
No 268 (8.22) 14/137 21/131 1.23 (045~ 3.37) — > 0682
Yes 2992 (91.78)  203/1531 276/1461 1.56 (1.22 ~ 1.98) —m— <001
Hypertension : 0.946
No 1066 (32.70)  74/565 93/501 1.66 (1.09 ~ 2.52) —m— 0018
Yes 2194 (67.30) 143/1103  204/1091 1.53(1.15 ~ 2.03) —a—s 0004
Diabetes ; 0.303
No 1956 (60.00)  120/1011 177/945 1.79 (1.31 ~ 2.43) : —a—> <001
Yes 1304 (40.00) 97/657 1.29 (0.89 ~ 1.85) —a— 0.176
Hyperlipidemia E 0.633
No 1523 (46.72) 102/776 135/747  1.51(1.06 ~ 2.14) '|—I—> 0.022
Yes 1737 (53.28) 115/892 162/845  1.57(1.14~2.16) ! —m—s 0.005
Cerebralinfarction | 0.343
No 2860 (87.73) 187/1470 261/1390 1.59(1.24 ~2.04) E —a— <001
Yes 400 (12.27)  30/198 36/202 1.28 (0.65 ~ 2.51) }—'—I—> 0.472
COPD 0.631
No 3186 (97.73) 210/1630  286/1556 1.52(1.20 ~ 1.93) P —a— <001
Yes 74 (2.27) 7/38 11/36 8.93 (0.94 ~ 84.64) b 0056
PCI 0.674
No 2924 (89.69) 197/1498 266/1426  1.53 (1.20 ~ 1.96) E —a— <001
Yes 336 (10.31)  20/170 31/166 1.78 (0.77 ~ 4.11) }—I—I—> 0.174
0 115 2
Worse 'better

Fig. 3 Forest plots for the primary endpoint in different subgroups

Moreover, research indicates that individuals with
higher TyG index levels face an increased risk of endo-
thelial dysfunction [15], while also showing a positive
correlation with intestinal abnormalities [16], pointing to
its role in gastrointestinal health. Additionally, the TyG
index has been recognized as an independent marker
for peripheral artery disease [17], further emphasiz-
ing its role in vascular health. These findings underline
the broader clinical significance of the TyG index across
various health domains, extending beyond its established
link to cardiovascular risk and AKI.

Therefore, further understanding the relationship
between insulin resistance and AKI is crucial for refin-
ing predictive models for postoperative AKI in CABG
patients. Insulin resistance refers to a reduced response
of tissues to insulin, resulting in impaired physiological

effects, particularly on glucose metabolism in the liver,
muscle, and adipose tissue [18, 19]. Insulin resistance is
commonly associated with metabolic syndrome and type
2 diabetes, often accompanied by hyperglycemia, dyslip-
idemia, and obesity [20, 21]. Beyond being a risk factor
for diabetes and cardiovascular disease, insulin resistance
may also contribute to AKI through multiple mecha-
nisms, including altered renal blood flow, inflammation,
and increased oxidative stress.

Insulin resistance promotes the development of AKI
through multiple mechanisms. First, insulin resis-
tance triggers a systemic inflammatory response, with
pro-inflammatory cytokines (such as TNF-a and IL-6)
secreted by adipocytes exacerbating renal inflamma-
tion and damaging renal tubules and epithelial cells
[22, 23]. Second, insulin resistance is associated with
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hyperglycemia and lipid metabolism disorders, leading
to increased oxidative stress [24, 25]. The resulting free
radicals damage tubular cells, further aggravating kidney
injury. In addition, insulin resistance impairs endothe-
lial function, reducing renal perfusion, particularly after
CABG, where microvascular injury may contribute to
the development of AKI. Finally, insulin resistance alters
the tubules ability to reabsorb sodium and water, caus-
ing fluid retention and increasing renal workload [26, 27].
Long-term insulin resistance is also linked to the pro-
gression of diabetic nephropathy, which further acceler-
ates kidney injury, especially in CABG patients.

Our study demonstrates a non-linear relationship
between the TyG index and the risk of AKI, with a sharp
increase in risk once the TyG index reaches 5.4. This
threshold is particularly significant, as it not only sup-
ports previous research linking the TyG index to various
cardiovascular conditions but also provides a specific
marker for predicting AKI risk in patients undergoing
coronary artery bypass grafting (CABG). The sharp rise
in AKI risk at this threshold highlights the importance of
the TyG index as a tool for identifying high-risk patients.
Furthermore, this finding offers valuable insights for early
screening and potential interventions aimed at reducing
AKI risk in the CABG patient population. Then clini-
cians can implement early screening and targeted inter-
ventions, potentially mitigating the risk of acute kidney
injury and improving patient outcomes in the CABG
setting.

Previous studies have established the TyG index as a
significant marker for cardiovascular risk. For example,
Huang et al. demonstrated that a higher TyG index was
associated with an increased risk of myocardial ischemia
in patients with coronary artery disease (CAD) [28]. Sim-
ilarly, Orlando et al. found that patients with higher TyG
indices had more severe CAD [29, 30]. While these stud-
ies focused on ischemic heart disease, our study extends
these findings by identifying a specific link between the
TyG index and AKI in CABG patients, providing a new
insight into its role in renal outcomes.

Meng et al. found that higher TyG indices were linked
to an increased risk of heart failure and left ventricular
dysfunction in individuals without prior heart failure or
CAD [31]. While this finding underscores the role of the
TyG index in heart failure, our study uniquely connects
the TyG index with AKI risk specifically in the context of
coronary revascularization, a relationship that had not
been clearly established in prior research. Several studies
have already highlighted the role of the TyG index in cor-
onary artery revascularization outcomes. For example,
Wang et al. demonstrated a positive correlation between
higher TyG index levels and major adverse cardiovascu-
lar events (MACE) in patients with in-stent restenosis
[32], while Wu et al. found an association between TyG
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index and adverse cardiovascular outcomes in CABG
patients [33]. However, our study adds a novel perspec-
tive by specifically examining the TyG index as a predic-
tor of AKI risk in CABG patients, a critical postoperative
complication with significant morbidity and mortality.
Finally, Yang et al. reported that an elevated TyG index
was linearly associated with AKI risk in critically ill heart
failure patients, with higher TyG index levels predicting
a greater need for dialysis in those with AKI [34]. Our
study supports this finding, but our approach extends
the knowledge base by focusing on AKI in the specific
cohort of CABG patients, who may be at heightened risk
for both cardiovascular and renal complications. Fur-
thermore, the non-linear relationship we identified (with
a sharp increase in risk at a TyG index>5.4) offers new
insight into the threshold beyond which AKI risk esca-
lates, which has not been well-explored in the literature.

Through logistic regression models, we confirmed
that the TyG index remains an independent predictor of
AKI even after adjusting for potential confounders such
as age, gender, BMI, diabetes, and hypertension. Addi-
tionally, stratified analyses showed that the relationship
between the TyG index and AKI risk was significant
across various clinical subgroups, particularly in patients
under 65 years old, women, those with lower or higher
BM]I, and patients who did not undergo cardiopulmo-
nary bypass. In these subgroups, a significant dose-
response relationship between the TyG index and AKI
risk was observed. These findings suggest that the TyG
index may be associated with individualized differences
in the occurrence of AKI after CABG, particularly among
patients with varying age, gender, body composition, and
underlying conditions. The differences across subgroups
may reflect the diverse pathways by which metabolic dis-
turbances contribute to renal injury, indicating that the
TyG index could serve as a risk assessment tool in differ-
ent clinical settings.

Through spline curve analysis, we further revealed a
non-linear relationship between the TyG index and AKI
risk. The spline curve showed that the risk of AKI sharply
increased when the TyG index reached 5.4. This thresh-
old has important clinical implications, suggesting that
clinicians should closely monitor increases in the TyG
index, particularly during postoperative surveillance, to
identify high-risk patients early and implement interven-
tions to reduce the incidence of AKI.

The findings of this study underscore the significant
predictive value of the TyG index as a simple and action-
able metabolic marker in CABG patients. Since the TyG
index reflects core features of metabolic syndrome, such
as insulin resistance and lipid metabolism abnormalities,
it may serve as an early warning sign for the development
of AKI. Therefore, regular monitoring of the TyG index,
along with individualized management of high-risk
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patients, could help reduce the incidence of AKI follow-
ing CABG, ultimately improving patient outcomes. Spe-
cifically, combining the TyG index with other traditional
AKI predictors, such as urine output and BNP levels, may
provide a more accurate means of identifying high-risk
patients in clinical practice.

Our findings emphasize the importance of the TyG
index in CABG patients, particularly in personalized
management and preventive interventions. For patients
with higher TyG indices, clinicians may consider adopt-
ing additional protective measures, such as stricter blood
glucose and lipid control, early administration of renal
protective agents, and optimized postoperative fluid and
circulatory management. These measures could help
decrease the incidence of AKI and improve postoperative
recovery.

This study has several limitations. First, as a retrospec-
tive analysis, we cannot rule out the potential for selec-
tion bias and information bias. Second, although we
controlled for various potential confounders, there may
still be unknown confounding factors that were not fully
adjusted for. Third, the TyG index, used as a metabolic
marker in this study, does not yet have a fully defined
mechanism of action. Future prospective studies and
basic experimental research will be valuable in further
elucidating its role in the development of AKIL

Conclusion

This study demonstrates a significant dose-response rela-
tionship between the TyG index and postoperative AKI
following CABG, with the TyG index identified as an
independent risk factor for AKI. Further stratified and
interaction analyses revealed differential effects of the
TyG index across patient subgroups with varying clini-
cal characteristics, highlighting its high predictive value.
Future research should focus on exploring the specific
mechanisms through which the TyG index contributes to
AKI development and validate its potential application in
clinical practice.
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