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following coronary artery bypass grafting
surgery
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Abstract

Background The triglyceride-glucose-body mass index (TyG-BMI), a marker for insulin resistance, is recognized

for its predictive role in cardiovascular and metabolic diseases, including kidney disease. we explored the TyG-BMI
index’s association with postoperative kidney injury in coronary artery bypass grafting (CABG) patients, who are at an
elevated risk for such complications, underscoring its potential as a predictor for acute kidney injury (AKI).

Methods This single-center, retrospective study included 126 patients. Patients were divided into AKI and non-AKI
groups postoperatively according to the KDIGO classification criteria. Univariate logistic regression was used to screen
for variables with significant differences (P<0.01), and multiple multivariate regression models were constructed

to analyze independent risk factors in the multivariate regression model and to analyze the value of TyG-BMI in
predicting AKl in diabetic patients after CABG.

Results Compared to the non-AKI group, the AKI group had statistically significant differences in preoperative fasting
triglycerides, preoperative fasting glucose, preoperative and postoperative creatinine levels, ICU stay duration, and
TyG-BMI levels (P < 0.05). Based on the results of univariate regression analysis, a multivariate logistic regression model
A was constructed using all significant variables, and a multivariate logistic regression model 2 was constructed

using significant variables other than TyG-BMI. ROC analysis showed that model 2 had better predictive performance
than model 1 (AUC=0.836 vs. 0.766). A positive correlation was observed between TyG-BMI and AKI occurrence
(Spearman’s correlation coefficient: R=0.33, P=0.00019).
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Conclusion FElevated TyG-BMl levels are closely associated with AKI in diabetic patients after CABG. TyG-BMI has
potentially predictive value for AKl in diabetic patients after CABG and may play a crucial role in risk stratification in

clinical practice.

Keywords Triglyceride-glucose, Body mass index, Coronary artery bypass grafting, Acute kidney injury, Insulin

resistance

Introduction

Coronary artery bypass grafting (CABG) is an effec-
tive treatment for patients with coronary artery disease
(CAD) [1]. However, approximately one-third of patients
undergoing CABG develop acute kidney injury (AKI) [2].
Clinically, kidney function is primarily assessed using
serum creatinine, glomerular filtration rate, and other
biochemical markers, which may not promptly indicate
the onset of AKI [3]. Obesity is a global public health
issue associated with various cardiovascular diseases
[4], including hypertension, insulin resistance, and dia-
betes [5]. Despite normal serum biochemistry in obese
patients, they are prone to AKI due to a higher burden
of comorbidities and potential structural changes in the
kidneys [6, 7]. Traditional assessments of insulin resis-
tance (IR), such as the hyperinsulinemic-euglycemic
clamp and the homeostatic model assessment of IR, are
complex and time-consuming, limiting their applica-
tion in research settings. The triglyceride-glucose (TyG)
index, first proposed by South American researchers,
has shown good correlation with both hyperinsulinemic-
euglycemic clamp and homeostatic model assessment
of IR. This index is easier to obtain and less costly than
traditional IR assessments [8]. The triglyceride-glucose-
body mass index (TyG-BMI), formally introduced in
2016, incorporates BMI as an obesity metric, enhancing
predictability. Studies have found that TyG-BMI has the
strongest correlation with homeostatic model assess-
ment of IR compared to various biomarkers, suggesting
it has greater diagnostic value than the TyG index alone
[9]. Recently, TyG-BMI has been validated as effective in
assessing atherosclerosis, prehypertension, and prediabe-
tes, making it a burgeoning research area [10]. Few stud-
ies have examined the impact of obesity on the incidence
of AKI in diabetic patients post-CABG. Therefore, our
aim is to investigate the effect of the TyG-BMI index on
AKI in diabetic patients undergoing CABG.

Materials and methods

General information

Data were collected from 126 diabetic patients (91 males
and 35 females) who underwent CABG at Shanghai East
Hospital from January 2022 to December 2023. Inclu-
sion Criteria: 1. Age>18 years with complete clinical
data.2. Underwent CABG after admission. 3. Diabetics
Exclusion Criteria: Patients with chronic renal insuffi-
ciency receiving peritoneal dialysis or hemodialysis, or

those with missing important clinical data.Participants
were divided into two groups based on the occurrence of
postoperative AKI: the AKI group (n=67) and the non-
AKI group (n=59) (Fig. 1). AKI was defined according to
the newest consensus-based KDIGO criteria as follows:
small changes in serum creatinine (>0.3 mg/dl or 26.5
mmol/l) when they occurred within 48 h or a maximal
change in serum creatinine>1.5 times the baseline value
until postoperative day 7 compared with preoperative
baseline values or urine volume < 0.5 ml/kg/h for 6 h [11].

Data collection

Clinical data were collected from the electronic medi-
cal record system. General Information: gender, age,
height, weight. Medical History: hypertension, diabetes,
coronary artery disease, cardiac function classification,
atrial fibrillation, hyperlipidemia, myocardial infarction,
chronic lung disease, and chronic renal insufficiency.
Clinical Data: white blood cell count, neutrophil percent-
age, hemoglobin, platelet count, total bilirubin, albumin,
creatinine, triglycerides, fasting blood glucose, left atrial
diameter, left ventricular end-diastolic diameter, ejection
fraction, Euroscore, ICU length of stay and Mechanical
ventilation. Calculations: BMI: BMI = weight (kg) / height
(m)”2. TyG Index: TyG = Ln[fasting triglycerides (mg/dL)
x fasting glucose (mg/dL) / 2] [12]. TyG-BMI Index: TyG-
BMI =TyG index x BMI (kg/m”"2) [9].

Statistical analysis

Statistical analysis was performed using R software ver-
sion 4.4.0 and SPSS version 29.0. The one-sample Kol-
mogorov-Smirnov (K-S) test (two-tailed) was used to
assess whether the measurement data conformed to a
normal distribution. Measurement data with a normal
distribution are presented as meantstandard devia-
tion (SD). The t-test was used for comparisons between
two groups with normally distributed data. Measure-
ment data with a non-normal distribution are presented
as median (Q1, Q3), and the Mann-Whitney U test was
used to compare the means between the two groups.
The chi-square test was used for comparing categorical
data.Univariate logistic regression was used to identify
variables with significant differences (P<0.01). These sig-
nificant variables were then included in multiple multi-
variate regression models to analyze independent risk
factors. The value of TyG-BMI in predicting acute kid-
ney injury (AKI) in diabetic patients’ post-CABG was
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Excluded (n=187)

1) Missing data of Triglycerides and Fasting Blood Glucose (n=8)
2) Patients with Kidney Disease Not Receiving Dialysis (n=9)

3) Patients were non-diabetic (n=170)

y

Patients included in the final analysis
(n=150)

Missing data of Postoperative Crea

(n=24)

| !

Patients with AKI

(n=59) (n=67)

Patients with Non-AKI

Fig. 1 Flow diagram of patient selection

analyzed using these multivariate regression models. A
P-value of <0.05 was considered statistically significant.
Pearson’s correlation analysis was used to describe the
association between TyG-BMI and AKL

Results

General information

A total of 126 diabetic patients who underwent CABG
were included in this study. The baseline clinical char-
acteristics and laboratory measurements of the patients
are shown in Table 1. The patients were divided into two
groups based on the occurrence of postoperative AKI.
There were statistically significant differences between
the preoperative fasting triglycerides, preoperative fast-
ing blood glucose, ICU stay duration, preoperative creati-
nine, postoperative creatinine, and TyG-BMI (P<0.05).
Subjects in the AKI group had a significantly higher TyG-
BMI relative to subjects in the non-AKI group (191.27
[166.00, 207.84] vs. 108.62 [155.11, 192.26], P<0.001).
There were no statistically significant differences between
the groups in terms of gender, age, BMI, history of hyper-
tension, NYHA classification, history of coronary artery
disease, history of atrial fibrillation, history of hyperlipid-
emia, history of myocardial infarction, history of chronic
lung disease, history of chronic renal insufficiency, Euros-
core, preoperative white blood cell count, preoperative

left atrial diameter, preoperative ejection fraction (EF%),
preoperative neutrophil percentage, preoperative hemo-
globin, preoperative platelet count, preoperative total
bilirubin, preoperative albumin, preoperative left ventric-
ular end-diastolic diameter, and mechanical ventilation
time (P>0.05).

Univariate logistic regression analysis

Univariate logistic regression analysis indicated that pre-
operative albumin level, history of chronic kidney dis-
ease, preoperative white blood cell count, preoperative
creatinine level, postoperative creatinine level, ICU stay
duration, and TyG-BMI were risk factors for AKI in dia-
betic patients after CABG (Table 2).

Comparison of multivariate logistic regression models

Multivariate logistic regression model A analysis showed
that TyG-BMI (OR 1.03, 95% CI 1.02-1.06, P<0.001),
preoperative creatinine level (OR 0.94, 95% CI 0.90-0.98,
P =0.007), and postoperative creatinine (D2) (OR 1.04,
95% CI 1.01-1.07, P =0.013) were significant risk factors
for AKI in diabetic patients post-CABG, and multivari-
ate logistic regression model B analysis showed that pre-
operative creatinine level (OR 0.95, 95% CI 0.92-0.99,
P =0.019) and postoperative creatinine (D2) (OR 1.04,
95% CI 1.01-1.07, P =0.02) (Fig. 2). Based on the results
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Table 1 Comparison of baseline data and clinical indicators between two groups
Overall population
Variable Non-AKI Group AKI Group Pvalue
(n=59) (n=67)

Male (%) 42 (71.1) 49 (73.1) 0.844
Age (years) (median[IQR]) 67.50 [60.00, 74.00] 68.00 [56.75, 76.25] 0910
BMI (kg/mz) (median[IQR]) 23.90 [22.00, 25.10] 24.10[21.80, 27.20] 0.391
NYHA (%) 0.863

| 9(52.9) 8(47.0)

Il 23 (41.0) 33(58.9)

I 12 (42.8) 16 (57.1)

% 1(333) 2(66.7)
Hypertension (%) 38 (64.4) 51(76.1) 0173
CAD (%) 56 (94.9) 66 (98.5) 0.340
AF (%) 3(5.0 3(45) 1.000
Hyperlipidemia (%) 4(6.7) 4(5.9 1.000
MI (%) 4(6.7) 9(134) 0.254
Chronic lung disease (%) 5(8.5) 1(1.5) 0.098
Chronic kidney disease (%) 2(3.3) 8(11.9 0.102
Euroscore (median [IQR]) 5.00 [4.00, 7.00] 6.00 [4.00, 7.00] 0435
White blood cell count (x10%/L) (median [IQR]) 6.32[5.07,8.05] 6.75[5.51,7.98] 0122
Neutrophil percentage (%) (median [IQR]) 61.60 [53.50, 66.20] 62.90 [54.60, 67.70] 0.238
Hemoglobin (g/L) (median [IQR]) 131.00 [115.00, 138.00] 123.00 [109.00, 138.00] 0.103
Platelet (x10%/L) (median [IQR]) 201.00 [165.00, 241.00] 195.00 [156.00, 248.00] 0.845
TBil (umol/L) (median [IQR]) 10.20 [7.20, 13.20] 10.10 [7.30, 13.20] 0.989
ALB (g/L) (median [IQR]) 40.07 [37.30,43.20] 38.87 [35.74,41.90] 0.118
LAD (mm) (median [IQR]) 37.00 [35.00, 41.00] 38.00 [36.00, 42.00] 0.205
LVEDD (mm) (median [IQR]) 47.00 [44.00, 50.00] 48.00 [43.00, 52.00] 0512
LVEF (%) (median [IQR]) 62.00 [48.00, 67.00] 60.00 [51.00, 65.00] 0.496
TG (mmol/L) (median [IQR]) 1.17 [0.94, 1.64] 1.63[1.22,242] <0.001
FBG (mmol/L) (median [IQR]) 5.90[4.70, 7.20] 8401[6.70, 10.60] <0.001
TyG-BMI 108.62 [155.11,192.26] 191.27 [166.00, 207.84] <0.001
Preop Crea (umol/L) (median [IQR]) 75.30[68.10,91.00] 92.00 [64.20, 111.40] <0.001
Postop Crea (umol/L) (DO) (median [IQR]) 61.50[51.00, 76.40] 78.90 [57.00, 91.80] 0.008
Postop Crea (umol/L) (D1) (median [IQR]) 79.00 [65.00, 94.00] 93.00 [71.00, 123.00] 0.001
Postop Crea (mmol/L) (D2) (median [IQR]) 58.70 [76.70, 94.00] 95.90 [76.00, 138.00] <0.001
ICU length of stay (minutes) (median[IQR]) 1429.00 [1238.00, 2737.00] 2385.00 [1406.00, 2817.00] 0.024
Mechanical ventilation (minutes) (median [IQR]) 311.00[215.00, 516.00] 343,00 [245.00, 567.00] 0.274

Data are expressed as the median (25th-75th percentiles), median M (Q25, Q75), or number (percentage). BMI, body mass index; CAD, coronary heart disease; AF,
atrial fibrillation; MI, myocardial infarction; TBiL, total bilirubin; Alb, albumin; LAD, left atrial diameter; LVEDD, left ventricular end-diastolic diameter; LVEF, left
ventricular ejection fraction; TG, triglyceride; FBG, fasting blood-glucose; TyG, Triglyceride-Glucose; Crea, creatinine; eGFR, estimated glomerular filtration rate;
perop, preoperative; postop, postoperative; DO, the day after surgery; D1, the first day after surgery; D2, the second day after surgery

of univariate regression analysis, multivariate Logistic
regression model A was constructed using all significant
variables, and model B was constructed using signifi-
cant variables excluding TyG-BMI. ROC analysis indi-
cated that model A had better predictive performance
compared to model B (AUC=0.836 vs. 0.766) (Fig. 3). In
model 2, TyG-BMI and preoperative creatinine level were
independent risk factors, but they did not have good pre-
dictive value when used alone (AUC=0.689 and 0.596,
respectively) (Fig. 4). Further, the fit curve of Model 2
is plotted, where each point in the graph represents an
observation from the dataset. The x-axis indicates the
predicted probability of an observation developing AKI.

The y-axis represents the actual AKI label, where 1 indi-
cates that AKI occurred and O indicates that AKI did
not occur. The color of the scatter points represents the
actual occurrence of AKI, with red indicating observa-
tions where AKI did not actually occur (AKI_Flag=0)
and green indicating observations where AKI did occur
(AKI_Flag=1). It can be intuitively observed from the
image that green points are likely more concentrated in
areas of higher predicted probability. The curve in the
graph represents the trend of the predicted probability
as the x-axis changes, indicating that the model performs
well in predicting the probability of AKI (Fig. 5).
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Table 2 Logistic regression analysis of AKl in patients

B SE Wald X?value P value OR value 95%(Cl
Hypertension 0.60 0.39 157 0.12 1.83 (0.86 3.96)
CAD 1.26 117 1.08 0.28 3.54 (044 72.57)
Chronic kidney disease 135 0.81 1.66 0.10 3.86 (0.92 26.34)
Chronic lung disease -1.81 1.11 -1.63 0.10 0.16 (0.00 1.05)
AF -0.13 0.84 -0.16 0.87 0.88 (0.16 4.89)
Hyperlipidemia -0.14 0.73 -0.19 0.85 0.87 (0.203.85)
Ml 0.76 063 1.20 0.23 213 (0.65 8.24)
Preop WBC 0.17 0.10 1.65 0.10 118 (0.97 1.46)
Preop N% 0.01 0.01 1.04 0.30 1.01 (1.00 1.04)
Preop Hemoglobin -0.02 0.01 -1.50 0.13 0.98 (0.96 1.00)
Preop Platelet 0.00 0.00 0.51 0.60 1.00 (1.00 1.00)
Preop TBil 0.02 0.04 042 067 1.02 (0.941.10)
Preop ALB -0.08 0.04 -1.86 0.06 092 (0.84 1.00)
Preop LAD 0.05 0.04 1.24 0.22 1.05 (097 1.13)
Preop LVEDD 0.02 003 091 0.36 1.02 (0.97 1.08)
Preop LVEF -0.01 0.02 -0.54 0.59 0.10 (0.96 1.03)
Preop TG 1.20 034 359 <0.001 334 (1.806.77)
Preop FBG 045 0.10 453 <0.001 1.57 (1.311.94)
Preop Crea 0.01 0.01 212 0.03 1.01 (1.00 1.02)
Postop Crea (D0) 0.02 0.01 2.66 0.01 1.02 (1.01 1.04)
Postop Crea (D1) 0.02 0.01 3.10 <0.001 1.02 (1.01 1.04)
Postop Crea (D2) 0.02 0.01 3.55 <0.001 1.02 (1.01 1.03)
Euroscore 0.08 0.08 0.96 0.34 1.08 (0.921.27)
ICU length of stay 0.00 0.00 192 0.05 1.00 (1.00 1.00)
Mechanical ventilation 0.00 0.00 1.36 0.17 1.00 (1.00 1.00)
TyG-BMI 0.03 0.01 3.68 <0.001 1.03 (1.01 1.04)

CAD, coronary heart disease; AF, atrial fibrillation; MI, myocardial infarction; TBiL, total bilirubin; Alb, albumin; LAD, left atrial diameter; LVEDD, left ventricular end-
diastolic diameter; LVEF, left ventricular ejection fraction; TG, triglyceride; FBG, fasting blood-glucose; TyG, Triglyceride-Glucose; Crea, creatinine; BMI, body mass
index; perop, preoperative; postop, postoperative; DO, the day after surgery; D1, the first day after surgery; D2, the second day after surgery

Variable OR 95% CI P-value

(Intercept) 0 0-0.18 0.009353

alb_preop 0.97 0.87-1.06  0.513227

ckd 2.91 0.32-33.79 0.354183 -
cr_opday 1.01 0.96 - 1.07 0.698068

cr_post1d 1.03 0.98 - 1.08 0.288308

cr_post2d 1.04 1.01-1.07 0.013139

cr_preop 0.94 0.9-0.98 0.007405

icu_duration 1 1-1 0.465316 o
tygbmi 1.03 1.02-1.06 0.000186

wbc_preop 1.11 0.87-1.45  0.405744 -

T
A

Fig. 2 Forest plots for Multivariate Logistic Regression Model

Correlation between TyG-BMI and AKI

A positive correlation was observed between TyG-BMI
and AKI occurrence (Spearman’s correlation coefficient:
R=0.33, P=0.00019). The relationship was statistically
significant, suggesting that higher TyG-BMI values may
be associated with an increased risk of AKI (Fig. 6).

Variable OR 95% CI P-value

(Intercept) 0.16 0-12.19 0.3868

alb_preop 0.98 0.89 - 1.07 0.6656 *
ckd 15 0.2-14.91 0.7022

cr_opday 1.01 0.96 - 1.07 0.6044

cr_post1d 1.01 0.97 - 1.06 0.5874

cr_post2d 1.04 1.01-1.07 0.0195

cr_preop 0.95 0.92-0.99 0.0192

icu_duration 1 1-1 0.2305 |
wbc_preop 1.19 0.94 -1.51 0.1508 he
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Discussion

This study explored the relationship between the TyG-
BMI index and the occurrence of AKI in diabetic patients
after CABG. Logistic regression analysis showed that
patients with higher TyG-BMI index had a relatively
higher risk of renal impairment, indicating that the
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Comparison of ROC Curves
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TyG-BMI index is significantly associated with early renal
injury in diabetic patients after CABG.

Previous studies have found that patients with a BMI
greater than 40 kg/m® exhibit a significantly increased
incidence of postoperative AKI [13]. Of course, there are
several notable differences between their research and
ours. Their study cohort included a substantial number
of obese patients, whereas our study did not include any
patients with a BMI equal to or exceeding 40 kg/m?. They
did not examine the impact of baseline hemoglobin on
AKI, which are established independent risk factors for
AKI [14]. In an analysis of 432 patients undergoing sur-
gery with cardiopulmonary bypass, a BMI of 30 kg/m” or
greater was identified as an independent risk factor for
AKI [15]. Furthermore, several other studies have also
found that BMI is an independent predictive factor for
the development of AKI in patients undergoing cardio-
vascular surgery [16-17].

Insulin resistance is a systemic disorder of glucose and
lipid metabolism characterized by hyperinsulinemia,
hyperglycemia, and hyperlipidemia. Studies have shown
that hyperglycemia is an independent predictor of AKI
[18]. Hyperglycemia may cause abnormalities in glomer-
ular blood flow and vascular permeability, including cap-
illary occlusion, tissue hypoxia, and glomerulosclerosis,
leading to proteinuria and AKI [19]. Additionally, dyslip-
idemia has been shown to be crucial in the development
and progression of kidney disease. While the mechanisms
by which lipids damage renal blood vessels, mesangial
cells, and tubular cells are not fully understood, the “lipid
nephrotoxicity hypothesis” was first proposed by Moor-
head [20]. Current research indicates that hypertriglyc-
eridemia is an independent risk factor for early AKI [21].
Insulin resistance plays a vital role in the development of
cardiovascular disease, diabetes, and renal impairment.
Insulin exerts unique effects on renal microcirculation by
regulating metabolic and growth pathways [22]. Insulin
resistance often impairs renal blood flow and glomerular
filtration, potentially causing inflammation and fibrosis
[22]. Insulin resistance can occur in patients with renal
impairment, with or without diabetes. Notably, insulin
resistance is an important and independent risk factor
for kidney disease [23]. In this study, patients who devel-
oped AKI postoperatively had higher BMI values, hyper-
glycemia, and hyperlipidemia, consistent with previous
research results that such patients are more prone to
insulin resistance.

Approximately 2 million patients undergo cardiac sur-
gery annually, with about 20—-30% of patients developing
cardiac surgery-associated AKI [24]. AKI is character-
ized by a sudden decline in kidney function, lasting hours
to days, marked by a rapid increase in serum creatinine,
reduced urine output, or both. Among patients develop-
ing AKI after cardiac surgery, only a small proportion
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(2—3%) require renal replacement therapy. Although car-
diac surgery aims to improve quality of life and survival
rates, the development of cardiac surgery-associated AKI
is significantly associated with higher hospitalization
costs and increased short-term and long-term postopera-
tive mortality [25, 26]. Multiple registry and retrospec-
tive cohort studies have reported significant associations
between cardiac surgery-associated AKI and chronic
kidney disease, end-stage renal disease, heart failure,
and the later development of major adverse cardiovascu-
lar events [27, 28]. The increase in creatinine levels can
only be observed within days after renal injury, poten-
tially leading to an underestimation of AKI occurrence.
Previous studies have reported significant associations
between the TyG index and decreased eGFR and dia-
betic nephropathy. However, the relationship between
the TyG-BMI index and postoperative AKI has not been
explored. This study shows that patients with AKI post-
operatively had longer ICU stays, similar to previous
research findings. The high incidence of AKI in this study
is attributed to the older age of the patients, poor glyce-
mic control, and elevated preoperative creatinine levels.
The TyG-BMI of patients developing AKI postoperatively
was significantly higher than that of patients who did
not develop AKI, indicating that TyG-BMI is a risk fac-
tor for postoperative acute kidney injury. The ROC curve
area for TyG-BMI alone was 0.689. Adding the TyG-BMI
variable to the prediction model increased the area under
the curve from 0.766 to 0.836, indicating that the TyG-
BMI index has some value in predicting the occurrence
of acute kidney injury in diabetic patients post-CABG.
Although the correlation strength was weak to moderate,
The relationship was statistically significant, suggesting
that higher TyG-BMI values may be associated with an
increased risk of AKI.

Based on the above data, the TyG-BMI index appears
to be a reliable and effective indicator for predicting the
incidence of AKI. Our findings show a close association
between high TyG-BMI levels and an increased inci-
dence of AKI. AKI may eventually lead to chronic renal
impairment, uremia, or death. Our findings help identify
clinically high-risk patients and take measures to prevent
them from developing AKI. To date, clinical research
on the relationship between acute kidney injury and the
TyG-BMI marker in post-cardiac surgery patients is lim-
ited. Our investigation fills this gap.

Limitations

This study has several limitations. Firstly, the results are
derived from a retrospective study, and selection bias is
inevitable. Secondly, we only measured fasting triglyc-
erides and glucose at admission, which were not con-
tinuously monitored parameters. Thirdly, we could only
establish the correlation between TyG-BMI and early
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renal injury post-CABG in diabetic patients; whether
there is a causal relationship requires further prospective
research.

Conclusions

This study found that higher TyG-BMI scores were linked
to a greater chance of developing AKI after heart surgery,
suggesting TyG-BMI could help identify patients at risk
for AKI. This could lead to better prevention and treat-
ment strategies. However, further research is needed to
validate the accuracy and reliability of TyG-BMI in pre-
dicting AKI post-cardiac surgery.
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