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Background: Data on the relationship between the triglyceride glucose (TyG) index and prognosis after off-pump coronary artery
bypass grafting (OPCABG) are limited. This retrospective observational cohort study evaluated the association of the TyG index with
prognosis in patients with diabetes mellitus who underwent OPCABG.

Methods: The TyG index was calculated using the following equation: TyG index = In (fasting triglyceride level [mg/dL] x fasting
glucose level [mg/dL]/2). The primary outcomes included the occurrence of major adverse cardiovascular and cerebrovascular events
(MACCESs), which were defined as all-cause death, nonfatal myocardial infarction, nonfatal stroke and symptomatic graft failure. The
association between the TyG index and MACCEs was assessed by Cox proportional hazards regression analysis.

Results: A total of 1578 patients with diabetes who underwent OPCABG (mean age, 62.9 + 8.0 years; men, 72.7%) were enrolled in
this study. Over the follow-up of 2 years, 176 patients (11.2%) had at least 1 primary endpoint event. The follow-up incidence of the
primary endpoint rose with increasing TyG index tertiles. The multivariate Cox proportional hazards regression analysis adjusted for
multiple confounders revealed a hazard ratio for the primary endpoint of 2.133 (95% CI 1.347-3.377; P for trend = 0.001) when the
highest and lowest TyG index tertiles were compared.

Conclusion: The TyG index was significantly and positively associated with MACCEs, suggesting that the TyG index may be
a valuable predictor of adverse cardiovascular and cerebrovascular outcomes after OPCABG in patients with T2DM.

Keywords: triglyceride-glucose index, off-pump coronary artery bypass grafting, major adverse cardiovascular and cerebrovascular
events, type 2 diabetes mellitus

Introduction

Coronary artery bypass grafting (CABG) remains the preferred treatment option for patients with severe multiple vessel
coronary artery disease.' In the past two decades, the proportion of coronary artery bypass grafting (CABG) has been
rising fast, more than half of which is off-pump CABG (OPCABG) in mainland China.? Although surgical techniques
and medical treatment have been developed, the risk of adverse cardiovascular and cerebrovascular events (MACCEs)
after OPCABG remains relatively high.” The triglyceride-glucose (TyG) index may be a useful marker for prognosis after
OPCABG.

TyG index, a product of triglycerides and fasting plasma glucose (FPG), is a good tool that correlates with surrogate
and direct measures of insulin resistance (IR).*” Previous studies have reported that the TyG index is significantly
associated with an increased risk of developing T2DM, hypertension and adverse cardiovascular events.®” Moreover,
several cross-sectional studies have reported a strong relation between the TyG index and atherosclerosis in different
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clinical conditions.'®'? However, whether TyG may be associated with MACCEs of patients with T2DM who were
treated with OPCABG has not yet been assessed. Therefore, in the present study, we examined the relationship between
the baseline TyG index and MACCE outcomes in 1578 Chinese patients with T2DM who underwent OPCABG.

Methods
Study Population and Design

The present study is a single-center, observational, retrospective cohort study among patients with type 2 diabetes who
underwent isolated OPCABG surgery at Beijing Anzhen Hospital between September 2017 to June 2019. We finally
enrolled 1578 patients in the present study. In these patients, 4576 saphenous vein grafts and 1125 arterial grafts (97.8%
LIMA, 2.2% bilateral internal mammary artery) were implanted. All patients undergoing concomitant surgery (eg, valve,
vascular, or congenital) and patients undergoing re-do CABG were excluded. All patients with perioperative death,
cardiogenic shock, extreme body mass index (BMI > 45 kg/m?), suspected familial hypertriglyceridemia [plasma
triglycerides >500 mg/dL (5.65 mmol/L) or more than one first-degree relative with triglycerides >500 mg/dL] were
also excluded. Twelve patients were also excluded because of missing follow-up data despite at least 3 separate attempts
to contact them (Figure 1). This study was performed in accordance with the Helsinki Declaration of Human Rights and
approved by the institutional review board of Beijing Anzhen Hospital, Capital Medical University. Given the retro-
spective nature of the present research, no informed consent was required. All patients’ identifiable information were
hidden and anyone’s identity cannot be deduced from the context.

Data Collection

Data on demographics, personal medical history, and medication history, such as age, sex, BMI, current smoking status,
current drinking status et al, were collected using a standard questionnaire. The blood pressure on admission was
recorded. Body mass index (BMI) was calculated using the following equation: BMI = weight (kg)/height (m?). Blood
samples were taken after overnight fasting (>8 h). Serum levels of fasting plasma glucose (FPG), glycated albumin (GA)
and lipid profiles, including triglyceride (TG), total cholesterol (TC) and high-density lipoprotein cholesterol (HDL-C),
were determined by standard laboratory techniques. The low-density lipoprotein cholesterol (LDL-C) level was com-
puted with the Friedewald equation. The TyG index was computed using the following formula: TyG index = In [fasting
TG (mg/dL) x FPG (mg/dL)/2]. CrCl <60 mL/min was considered the criterion for chronic kidney disease (CKD). CrCl
was calculated using the Cockcroft and Gault formula.'> Left ventricular ejection fraction (LVEF) was evaluated by
a two-dimensional modified Simpson’s method using an ultrasonic cardiogram (Philips Company, Eindhoven, The
Netherlands). Patients with signs/symptoms of congestive heart failure (CHF), current treatment for CHF, or objective
evidence of reduced ejection fraction (LVEF < 40%) were considered to have cardiac failure. The “use of arterial graft”
means that at least one arterial conduit is used in CABG, which can be left internal mammary artery (LIMA), right
internal mammary artery (RIMA) or radial artery (RA).

Endpoints

All patients were followed up at every 6 months after hospital discharge. The primary observational endpoint was defined
as MACCE consisting of four events within 2 years after OPCABG as follows: all-cause death, nonfatal myocardial
infarction (MI), nonfatal stroke and symptomatic graft failure. The secondary observational endpoint was each compo-
nent of the composite primary endpoint. MI was defined as elevated cardiac troponin higher than the upper reference
limit with ischemia indicated by symptoms and/or electrocardiographic changes with or without an elevation of the ST
segment. The presence of new pathological Q waves in >2 contiguous electrocardiogram leads was also diagnosed as MI.
Symptomatic graft failure was defined as having typical angina symptoms again after discharge and identification of graft
occlusion or stenosis of >70% by coronary CTA scan. All patients having typical angina symptoms after OPCABG
underwent CTA scan, some of which underwent further PCI. The first primary endpoint event that occurred during the
follow-up was used for analysis in the current study. For patients with multiple adverse outcomes occurring almost
simultaneously during the follow-up, only the most severe event (all-cause death > nonfatal MI > nonfatal stroke >
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Patients underwent CABG from
September 2017 to June 2019 in Beijng
Anzhen Hospital (n=5879)

Patients with diabetes were enrolled:

(1) Previously diagnosed diabetes under treatment of
antidiabetic medication (diet, oral agents, and/or insulin);

(2) Typical symptoms of diabetes with a random blood
glucose 211.1 mmol/L, and/or FPG = 7.0 mmol/L, and/or 2-h
blood glucose after oral glucomse tolerance test =
11.1mmmol/L.

A

Y

Patients with diabetes
(n=2119)

Exclusion criteria:

(1) Explicit or suspected T1DM (n=2);

(2) History of CABG (n=6);

(3) with concomitant surgery or under extracorporeal circulation
(n=431);

(4) Extreme BMI (BMI > 45 kg/m?) and suspected familial hyper-
triglyceridemia (plasma TGs = 500mg/dL or more than one first-de-
gree relative with triglycerides = 500 mg/dL) (n=28);

(5) Perioperative death, cardiogenic shock(n=71);

(6) missing follow-up data (n=3).

Y

Final enrolled patients
(n=1578)
TyG index was calculated

Major Adverse Cardiac and Cerebrovascular Events
- All-cause death

< - Nonfatal myocardial infarction
- Nonfatal stroke
- Symptomatic graft stenosis or occlusion
Y
Y Y
Patients without event Patients with event
(n=1402) (n=176)

Figure | Flow chart of the study population enrollment.
Abbreviations: CABG, coronary artery bypass graft; FPG, fasting plasma glucose; TIDM, type | diabetes mellitus; TGs, triglycerides; BMI, body mass index; TyG,
triglyceride glucose.

symptomatic graft failure) was selected for the analyses. If the same event occurred multiple times, only the first
occurrence was used for the analyses.

Statistical Analysis

Continuous variables are presented as the mean =+ standard deviation (SD) or median (25th and 75th percentiles: P25,
P75) in the case of normal or nonnormal distribution. All patients were stratified into three groups (T1 [TyG index <
8.850], T2 [8.850 < TyG index < 9.384], and T3 [TyG index > 9.384]) in accordance with tertiles of the TyG index. The
Chi squared test or Fisher’s exact test was used to analyze differences in categorical variables between groups. ANOVA
or the Kruskal-Wallis H-test was applied to analyze differences in continuous variables between groups. Kaplan—-Meier
curves and Log rank tests were used to determine statistically significant survival differences among these three groups of
patients. We conducted a Cox proportional hazards regression analysis to estimate the hazard ratios (HRs) and their 95%
confidence intervals (Cls) of developing the primary and second endpoints. In the Cox models, each continuous
variable’s HR indicates that the risk of the primary endpoint change if the variable increase per unit. The TyG index
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was analyzed in two ways: 1) as a categorical variable and 2) as a continuous variable. Predictors of the incidence of the
primary endpoint identified through univariate analysis were also tested in a multivariate analysis. In the multivariate
model, the following confounders were chosen because of their clinical importance and statistical significance in the
univariate analysis: age (continuous), sex, BMI (continuous), current smoking, hypertension, previous MI, previous
stroke, past PCI, cardiac failure, CKD, preoperative LVEF, insulin dependence, LDL-C (continuous), HDL-C (contin-
uous), diagnosis, extent of CAD, left main disease, complete revascularization, and use of IABP. Statistical analyses were
performed using SPSS version 24.0 software (IBM Corporation, Chicago, IL) and the R Programming Language (version
4.0.5), and P < 0.05 was considered statistically significant.

Results

Baseline Characteristics

The study patients had an average age of 62.9 + 8.0 years and 1116 (70.7%) patients were male. The mean levels of TyG
index of the three groups were 8.45 £ 0.31, 9.11 + 0.15 and 9.83 + 0.34, respectively. The baseline clinical and laboratory
characteristics of the study patients according to the TyG index tertiles are presented in Table 1. Patients with a high TyG
index were more likely to have a history of dyslipidemia and stroke. BMI, TC level, LDL-C level, FPG level and
triglyceride level increased, whereas HDL-C level decreased in proportion to the TyG index tertiles. The proportion of
current smokers and insulin dependence significantly increased with an increase in the TyG index. And the proportion of
acute myocardial infarction and 3-vessel disease also increased with an increase in the TyG index. And no significant
difference was found in the other indicators. Patient characteristics, periprocedural and angiographic findings, and
procedural results of the study patients according to the TyG index tertiles are listed in Table 1.

TyG Index and Endpoints

During the 2-year follow-up, 176 patients (11.2%) had at least 1 primary endpoint event, which was recorded in 29
(5.5%) patients from the T1 group, 59 (11.2%) from the T2 group, and 88 (16.7%) from the T3 group. In the 176 patients
who had at least 1 primary endpoint event, there were 17 deaths (9 deaths from cardiovascular causes, 3 deaths from
stroke and 3 deaths from other causes), 39 cases of nonfatal strokes, 40 cases of nonfatal MI, and 79 cases of
symptomatic graft failure. The respective incidences of all-cause death, nonfatal stroke, nonfatal MI and symptomatic
graft failure among the TyG index tertiles are shown Table 2.

Table 2 shows the Cox proportional hazard analysis of TyG tertiles and 2-year event rate for all-cause death, nonfatal
MI, nonfatal stroke, symptomatic graft failure and MACCE. On unadjusted Cox modeling, the rate of nonfatal MI,
nonfatal stroke, symptomatic graft failure and MACCE rose significantly with elevated TyG index levels (P < 0.05 for
trend). However all-cause death across three groups has no difference. The rate of MACCE, nonfatal MI and sympto-
matic graft failure increased with rising TyG index levels after adjusting for age, sex, BMI, current smoking, hyperten-
sion, previous MI, previous stroke, past PCI, cardiac failure, CKD, preoperative LVEF, insulin dependence, LDL-c,
HDL-C, diagnosis, extent of CAD, left main disease, complete revascularization, and use of IABP. Whereas all-cause
death and nonfatal stroke have no difference across the three groups.

Kaplan—Meier curves of the incidence of the primary endpoint and each component event of the primary endpoint for
the TyG index tertiles are presented in Figure 2. The incidence of the primary endpoint in the T3 group was significantly
higher than that in the T1 group (P log-rank < 0.0001). This difference was mainly driven by the increase in nonfatal MI
(Log rank test, P = 0.0047), nonfatal stroke (Log rank test, P = 0.0190) and symptomatic graft failure (Log rank test, P =
0.0002) across the TyG index tertiles. However, the incidence of overall death (Log rank test, P = 0.9400) at follow-up
were similar among the TyG index tertiles.

Univariate and multivariate Cox proportional hazards regression analyses and predictors for MACCE are presented in
Tables 3 and 4. The TyG index at baseline was significantly related to the incidence of the primary endpoint. In the
univariate analysis, the TyG index as a continuous variable was associated with an HR of 2.624 (95% CI 2.076-3.316;
P <0.001). Adjustment for multiple confounders did not attenuate the relationship (HR 1.954, 95% CI 1.508-2.533; P <
0.001) (Table 3). The incidence of the primary endpoint increased monotonically across the tertiles of the TyG index (P
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Table | Baseline Clinical and Laboratory Characteristics and of the Study Patients Stratified by the Tertiles of TyG Index
TI1 n=526 T2 n=526 T3 n=526 p

TyG index 845 (0.31) 9.11 (0.15) 9.83 (0.34) <0.001
Age (years) 62.6 (7.5) 63.0 (7.8) 63.2 (8.7) 0.434
Sex, male, n (%) 365 (69.4) 379 (72.1) 372 (70.7) 0.638
BMI (kg/m?) 25.17 (2.9¢6) 26.09 (2.98) 26.65 (3.25) <0.001
SBP (mmHg) 129.84 (16.17) 131.36 (17.95) 129.63 (15.84) 0.187
DBP (mmHg) 73.37 (10.86) 74.00 (10.91) 74.94 (10.11) 0.055
Current smoking, n (%) 136 (25.9) 152 (28.9) 164 (31.2) 0.160
Hypertension, n (%) 387 (73.6) 374 (71.1) 372 (70.7) 0.536
Dyslipidemia, n (%) 155 (29.5) 160 (30.4) 204 (38.8) 0.002
Previous MI, n (%) 61 (11.6) 73 (13.9) 94 (17.9) 0.014
Previous stroke, n (%) 36 (6.8) 48 (9.1) 65 (12.4) 0.009
Past PCI, n (%) 115 (21.9) 117 (22.2) 139 (26.4) 0.153
Cardiac failure, n (%) 16 (3.0) 20 (3.8) 22 (4.2) 0.606
CKD, n (%) 17 (3.2) 17 (3.2) 31 (5.9) 0.043
Preoperative LVEF (%) 59.64 (7.26) 59.55 (7.75) 59.31 (7.97) 0.768
Insulin dependence, n (%) 127 (24.1) 151 (28.7) 167 (31.7) 0.022
TC (mg/dl) 130.70 [111.70, 154.60] 141.70 [123.30, 163.50] 153.30 [129.90, 178.80] <0.001
TGs (mg/dl) 87.80 [70.00, 104.60] 130.30 [108.43, 154.08] 202.10 [156.90, 260.70] <0.001
FPG (mg/dl) 110.30 [95.00, 125.30] 135.00 [118.65, 165.55] 179.00 [145.33, 227.95] <0.001
LDL-C (mg/dl) 75.40 [60.30, 94.30] 84.10 [67.88, 102.10] 87.95 [69.70, 109.80] <0.001
HDL-C (mg/dl) 37.90 [33.20, 44.80] 36.10 [32.50, 42.58] 34.40 [29.80, 39.00] <0.001
Diagnosis

Stable CAD, n (%) 1(0.2) 2 (0.4) 3 (0.6) 0.605

UA, n (%) 495 (94.1) 485 (92.2) 461 (87.6) 0.001

STEMI, n (%) 19 (3.6) 26 (4.9) 38 (7.2) 0.030

NSTEMI, n (%) 121 13 (2.5) 24 (4.6) 0.042
Extent of CAD

|-vessel disease, n (%) 52 (9.9) 44 (8.4) 35 (6.7) 0.164

2-vessel disease, n (%) 94 (17.9) 86 (16.3) 70 (13.3) 0.119

3-vessel disease, n (%) 383 (72.8) 396 (75.3) 430 (81.7) 0.002

Left main disease, n (%) 57 (10.8) 55 (10.5) 74 (14.1) 0.136
Use of arterial graft, n (%) 392 (74.5) 388 (73.8) 374 (71.1) 0.421
Complete revascularization, n (%) 511 (97.1) 509 (96.8) 509 (96.8) 0919
Use of IABP, n (%) 17 (3.2) 19 (3.6) 20 (3.8) 0.878

Abbreviations: TyG, triglyceride glucose; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; MI, myocardial infarction; PCI, percutaneous
coronary intervention; CKD, chronic kidney disease; LVEF, left ventricular ejection fraction; TC, total cholesterol; TGs, triglycerides; FPG, fasting plasma glucose; LDL-C,
low-density lipoprotein-cholesterol; HDL-C, high-density lipoprotein-cholesterol; CAD, coronary artery disease; UA, unstable angina; STEMI, ST-segment elevation
myocardial infarction; NSTEMI, non ST-segment elevation myocardial infarction; IABP, intra-aortic balloon pump.

for trend < 0.001) (Table 4). Taking T1 as the reference, multivariate analysis revealed that the TyG index for T2 and T3
increased the HRs for the incidence of the primary endpoint (T2: HR 1.726, 95% CI 1.093-2.725; T3: HR 2.133, 95% CI
1.347-3.377) (Table 4).

Relevant clinical variables like clinical diagnosis (unstable angina vs acute MI), age (<70 vs >70 years), sex (male vs
female), and BMI (<28 vs.>28 kg/m”) were subject to post hoc subgroup analyses for the primary endpoint. When the
analysis was stratified by age, we found that a higher TyG index was significantly associated with an increased risk of the
primary endpoint in patients aged 70 years and younger (adjusted HR 2.251, 95% CI 1.333-3.800; P =0.002); however,
the similar result did not occur in patients aged over 70 years (adjusted HR1.385, 95% CI 0.488-3.935; P =0.541). When
the analysis was stratified by sex, we found that a higher TyG index was significantly associated with an increased risk of
the primary endpoint in male patients (adjusted HR 2.463, 95% CI 1.325-4.577; P = 0.004); however, the similar result
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Table 2 Baseline TyG Index and Prediction of Cardiovascular and Cerebrovascular Events

Endpoint Baseline TyG 2-Year Events, Unadjusted HR (95% | P value | Adjusted HR (95% | P value
Index n (%) Cl) Cl)

All-cause death Tertile | 5 (0.95) Ref. 0.941 Ref. 0.730
Tertile 2 6 (1.14) 1.2 (0.366-3.933) 0.763 0.947 (0.274-3.272) 0.932
Tertile 3 6 (1.14) 1.209 (0.369-3.962) 0.754 0.61 (0.153-2.431) 0.483

P trend 0.757 0.472

Nonfatal Ml Tertile | 4 (0.76) Ref. 0.012 Ref. 0.034
Tertile 2 15 (2.85) 3.787 (1.257-11.412) 0.018 3.47 (1.14-10.564) 0.029
Tertile 3 20 (3.80) 5.130 (1.754-15.01) 0.003 4351 (1.436-13.182) | 0.009

P trend 0.002 0.010

Nonfatal stroke Tertile | 7 (1.33) Ref. 0.026 Ref. 0.275
Tertile 2 12 (2.28) 1.727 (0.68—4.387) 0.250 1.409 (0.538-3.691) 0.485
Tertile 3 21 (3.99) 3.065 (1.303-7.209) 0.010 2.077 (0.81-5.326) 0.128

P trend 0.007 0.110

Symptomatic graft Tertile | Il (2.09) Ref. <0.001 Ref. 0.011

failure Tertile 2 28 (5.32) 2.579 (1.284-5.179) 0.008 2.625 (1.275-5.405) 0.009
Tertile 3 40 (7.60) 3.815 (1.958-7.436) <0.001 2.987 (1.44-6.195) 0.003

P trend <0.001 0.005

MACCE Tertile | 29 (5.51) Ref. <0.001 Ref. 0.005
Tertile 2 59 (11.22) 2.095 (1.343-3.268) 0.001 1.726 (1.093-2.725) 0.019
Tertile 3 88 (16.73) 3.297 (2.167-5.016) <0.001 2.133 (1.347-3.377) 0.001

P trend <0.001 0.005

Abbreviations: TyG, triglyceride glucose; Ml, myocardial infarction; MACCE, major adverse cardiovascular and cerebrovascular events.

did not occur in female patients (adjusted HR 1.683, 95% CI 0.813-3.483; P = 0.161). When the analysis was stratified
by BMI, we found that a higher TyG index was significantly associated with an increased risk of the primary endpoint in
patients with BMI <28 kg/m2 (adjusted HR 1.873, 95% CI 1.116-3.144; P = 0.018); however, the similar result did not
occur in patients with BMI >28 kg/m” (adjusted HR 2.662, 95% CI 0.873-8.116; P = 0.085). When the analysis was
stratified by clinical diagnosis, we found that a higher TyG index was significantly associated with an increased risk of
the primary endpoint in patients with unstable angina (adjusted HR 1.940, 95% CI 1.170-3.216; P = 0.010); however, the
similar result did not occur in acute MI (adjusted HR 2.73, 95% CI 0.756-9.865; P = 0.125).

Discussion

The primary finding of the present study was that an increased TyG index was a strong indicator of MACCEs, including
all-cause death, nonfatal MI and stroke, and symptomatic graft failure, in patients with T2DM who underwent OPCABG,
even after adjustment for confounding risk factors. Compared to participants with a lower TyG index tertile, those with
a higher TyG index tertile had an apparently higher incidence of MACCEs, nonfatal MI and symptomatic graft failure.

514 and studies even showed that the

The TyG index was initially designed as a chronic insulin resistance (IR) marker,
TyG index may have a better performance on the prediction of IR and atherosclerosis compared with the homeostatic
model assessment of IR (HOMA-IR).">"'® Insulin resistance (IR) is traditionally measured by the HOMA-IR.'” However,
it is inconvenient to measure insulin levels to calculate HOMA-IR. Several previous studies have suggested that the value
of the TyG index for predicting IR is better than that of HOMA-IR.'>'® Compared to HOMA-IR, the TyG index does not
require quantification of insulin but does require FPB and fasting TG. It is well known that an increased TyG index is
associated with increased risks of T2DM and CVD.'®?' Recently, several studies have found a significant correlation
between the TyG index and clinical prognosis in patients with ACS. Zhao et al found that the TyG index may be a better
predictor of cardiovascular risk than FPG or HbA1C for patients with ACS undergoing PCL.** Hu et al found that the
TyG index may be a better predictor of cardiovascular risk than FPG or HbA1C for patients with ACS undergoing PCI.*
Luo et al also found that an increased TyG index may be an effective indicator of worse prognosis in patients with acute
ST-segment elevation myocardial infarction (STEMI) who were treated with PCI for a 1-year follow-up.>* To date, there
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Figure 2 The TyG index and risk: Kaplan—Meier curves for the incidences of the primary endpoint (A), symptomatic graft failure (B), all-cause death (C), non-fatal Ml (D),
and non-fatal stroke (E) among the three study groups based on the TyG index tertiles.
Abbreviations: M|, myocardial infarction; OPCABG, off-pump coronary artery bypass graft.

are no reported studies on the TyG index and CABG to the best of our knowledge. We extend previous studies by
proposing that the TyG index might be an effective indicator of the adverse prognosis of OPCABG in patients with
T2DM.

Whether the TyG index is able to predict OPCABG outcomes in patients with established T2DM remains unknown.
To our knowledge, our study first proposed the association between the TyG index and long-term MACCE of patients
with diabetes underwent OPCABG. Moreover, our study is the first to take all-cause death, nonfatal MI, nonfatal stroke
and symptomatic graft failure as the composite endpoint events. Our study demonstrated that a higher TyG index was
significantly associated with a higher risk of MACCE. The higher risk of MACCE persisted after adjusting for traditional
cardiovascular risk factors, burden of comorbidities. Thus, our study supports previous studies showing an association
between the TyG index and adverse cardiovascular events in CAD patients.

We also found that after adjusting for important variables, the TyG index remained independently predictive of
symptomatic graft failure irrespective of the use of arterial grafts. This means IR may affect both artery and vein grafts.
The TyG index was reported to be positively associated with arterial stiffness as assessed by brachial-ankle or carotid-
femoral pulse wave velocity.”” %’ As the TyG index includes triglycerides and glucose in its formula and fasting
triglycerides and glucose were shown to be associated with both long-term and short-term cardiovascular risk of patients
with ACS, independent of diabetic status,”®2° the relationships between the TyG index and adverse cardiovascular
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Table 3 Relationship Between the Incidence of the Primary Endpoint and the TyG Index Expressed as a Continuous Variable

Variables Univariate Analysis P value Multivariate P value
HR (95% CI) Analysis HR
(95% CI)

TyG index 2.624 (2.076-3.316) <0.001 1.954 (1.508-2.533) <0.001
Age 1.018 (0.999-1.037) 0.065 1.013 (0.992-1.034) 0.224
Sex, male 0.729 (0.536-0.993) 0.045 0.766 (0.556—1.055) 0.103
BMI 1.071 (1.024-1.121) 0.003 1.039 (0.991-1.09) 0.116
Current smoking 1.048 (0.758-1.448) 0.778 0.933 (0.668—-1.305) 0.686
Hypertension 1.084 (0.776—1.514) 0.636 1.12 (0.791-1.587) 0.523
Previous MI 1.416 (0.970-2.067) 0.072 1.322 (0.887-1.971) 0.170
Previous stroke 1.936 (1.293-2.900) 0.001 1.643 (1.084-2.492) 0.019
Past PCI 1.087 (0.773-1.529) 0.631 0.97 (0.681-1.382) 0.866
Cardiac failure 1.850 (1.005-3.406) 0.048 2.016 (0.871—4.666) 0.102
CKD 1.129 (0.556-2.295) 0.737 0.832 (0.403-1.72) 0.620
Preoperative LVEF 0.994 (0.975-1.013) 0.521 1.011 (0.987-1.035) 0.372
Insulin dependence 1.314 (0.961-1.798) 0.087 1.168 (0.849-1.607) 0.340
LDL-C 1.005 (1.001-1.01) 0.016 1.003 (0.998-1.007) 0.244
HDL-C 0.952 (0.933-0.97) <0.001 0.973 (0.953-0.995) 0.014
Diagnosis

Stable CAD Ref. Ref.

UA 0.611 (0.085—4.364) 0.623 0.421 (0.055-3.247) 0.407

STEMI 0.608 (0.076—4.858) 0.639 0.359 (0.042-3.083) 0.350

NSTEMI 4.208 (0.571-31.014) 0.159 2.167 (0.274-17.119) 0.463
Extent of CAD

|-vessel disease Ref. Ref.

2-vessel disease 0.611 (0.085-4.364) 0.623 0.727 (0.315-1.678) 0.455

3-vessel disease 0.608 (0.076—4.858) 0.639 1.427 (0.718-2.838) 0.310
Left main disease 4.208 (0.571-31.014) 0.159 0.641 (0.38-1.082) 0.096
Use of arterial graft 1.483 (0.759-2.901) 0.249 1.042 (0.733-1.481) 0.819
Complete 0.505 (0.281-0.908) 0.022 0.327 (0.176-0.61) <0.001
revascularization
Use of IABP 1.483 (0.759-2.901) 0.249 1.429 (0.695-2.94) 0.332

Abbreviations: TyG, triglyceride glucose; BMI, body mass index; Ml, myocardial infarction; PCl, percutaneous coronary intervention; CKD, chronic kidney disease; LVEF, left
ventricular ejection fraction; LDL-C, low-density lipoprotein-cholesterol; HDL-C, high-density lipoprotein-cholesterol; CAD, coronary artery disease; UA, unstable angina;
STEMI, ST-segment elevation myocardial infarction; NSTEMI, non ST-segment elevation myocardial infarction; IABP, intra-aortic balloon pump.

outcomes in diabetic patients might be in part explained. Moreover, we found that BMI and LDL-C levels were
significantly higher in patients in the highest TyG index tertile than in those in other tertiles, whereas HDL-C levels
were lower. Therefore, the association of the TyG index with adverse cardiovascular outcomes may be partially mediated
by these traditional cardiovascular risk factors.

The potential mechanism in the association of the TyG index with the development and progression of cardiovascular
disease remains uncertain. As a reliable marker of the severity of IR, proatherogenic properties of IR may partly account
for the association.***' In this study, patients with a high TyG index were more likely to have higher BMI, LDL-C, and
have lower HDL-C, suggesting that the observed association between the TyG index and poor prognosis may be
explained by the presence of cardiovascular risk factors. IR can induce an imbalance in glucose metabolism that results
in chronic hyperglycemia, which leads to oxidative stress and inflammatory response that triggers vascular endothelial
cell injury. IR can also affect lipid metabolism, which then leads to the development of dyslipidemia and the well-known
lipid triad: elevated plasma triglycerides, reduced plasma HDL-C, and the appearance of small dense LDL-C particles.

These metabolic changes contribute to atherosclerotic plaque formation.’> A higher TyG index may affect native
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Table 4 Relationship Between the Incidence of the Primary Endpoint and the TyG Index Expressed as a Categorical

Variable
Variables Univariate Analysis P value Multivariate P value
HR (95% CI) Analysis
HR (95% CI)

TyG index tertiles

TI Ref. Ref.

T2 2.095 (1.343-3.268) 0.001 1.726 (1.093-2.725) 0.019

T3 3.297 (2.167-5.016) <0.001 2.133 (1.347-3.377) 0.001
Age 1.018 (0.999-1.037) 0.065 1.016 (0.995-1.038) 0.132
Sex, male 0.729 (0.536-0.993) 0.045 0.755 (0.549-1.04) 0.085
BMI 1.071 (1.024-1.121) 0.003 1.045 (0.996-1.098) 0.072
Current smoking 1.048 (0.758-1.448) 0.778 0.963 (0.69—1.344) 0.823
Hypertension 1.084 (0.776—1.514) 0.636 1.075 (0.76—1.522) 0.683
Previous MI 1.416 (0.970-2.067) 0.072 1.299 (0.871-1.938) 0.200
Previous stroke 1.936 (1.293-2.900) 0.001 1.624 (1.071-2.465) 0.023
Past PCI 1.087 (0.773-1.529) 0.631 0.96 (0.674-1.367) 0.821
Cardiac failure 1.850 (1.005-3.406) 0.048 2.162 (0.933-5.009) 0.072
CKD 1.129 (0.556-2.295) 0.737 0.861 (0.416-1.783) 0.687
Preoperative LVEF 0.994 (0.975-1.013) 0.521 1.009 (0.986—1.034) 0.447
Insulin dependence 1.314 (0.961-1.798) 0.087 1.189 (0.866—1.634) 0.284
LDL-C (mg/dl) 1.005 (1.001-1.01) 0.016 1.003 (0.999-1.008) 0.176
HDL-C (mg/dl) 0.952 (0.933-0.97) <0.001 0.966 (0.946—0.988) 0.002
Diagnosis

Stable CAD Ref. Ref.

UA 0.611 (0.085—4.364) 0.623 0.467 (0.06-3.604) 0.465

STEMI 0.608 (0.076—4.858) 0.639 0.416 (0.048-3.572) 0.424

NSTEMI 4.208 (0.571-31.014) 0.159 2.689 (0.34-21.246) 0.348
Extent of CAD

I-vessel disease Ref. Ref.

2-vessel disease 0.611 (0.085-4.364) 0.623 0.686 (0.297-1.586) 0.379

3-vessel disease 0.608 (0.076—4.858) 0.639 1.411 (0.709-2.807) 0.327

Left main disease 4.208 (0.571-31.014) 0.159 0.634 (0.376-1.07) 0.088
Use of arterial graft 1.483 (0.759-2.901) 0.249 1.035 (0.729-1.47) 0.846
Complete 0.505 (0.281-0.908) 0.022 0.306 (0.163-0.574) <0.001
revascularization
Use of IABP 1.483 (0.759-2.901) 0.249 1.397 (0.675-2.893) 0.368

Abbreviations: TyG, triglyceride glucose; BMI, body mass index; MI, myocardial infarction; PCI, percutaneous coronary intervention; CKD, chronic kidney
disease; LVEF, left ventricular ejection fraction; LDL-C, low-density lipoprotein-cholesterol; HDL-C, high-density lipoprotein-cholesterol; CAD, coronary
artery disease; UA, unstable angina; STEMI, ST-segment elevation myocardial infarction; NSTEMI, non ST-segment elevation myocardial infarction; IABP,
intra-aortic balloon pump.

coronary atherosclerosis because the TyG index has been demonstrated to be related to coronary artery calcification and
arterial stiffness.’®>">> In addition, IR is associated with coronary plaque vulnerability.*>*® In contrast, a higher level of
TyG may accelerate the atherosclerosis of grafts and accelerate the process of graft failure because IR has
a proinflammatory and procoagulatory effect and is associated with endothelial dysfunction.>’* Consistent with previous
studies, the TyG index was positively associated with the severity of CAD, suggesting that a difference in the extent of
coronary atherosclerosis may contribute to the graded TyG index~-MACCE relationship.**** Therefore, the TyG index
may reflect IR from these two aspects and thus be closely related to IR, which has been widely demonstrated to have
a significant relationship with endothelial dysfunction, oxidative stress, cardiovascular remodeling, coagulation imbal-
ance and inflammatory response, leading to late graft failure. More efforts must be made to elucidate the exact
mechanism of the association between the TyG index and CVEs.
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This study had several limitations. 1) The study was a single-center, retrospective, observational study in a highly
selected cohort with strict exclusion criteria, and the sample size was relatively small, which may have weakened the
power of the results. Further retrospective, multicenter studies in a more extensive population with a larger sample size
are needed to verify the present findings. 2) The TyG index was assessed only once at admission. The changes in the TyG
index during the follow-up period, which may have better predictive value for adverse prognosis, were not assessed in
our study. 3) A certain proportion of participants received lipid-regulating therapy and antidiabetic treatment at
admission, which may have had a potential impact on the TyG index and the study results. 4) Nearly all of the study
population was Chinese patients. The results should be cautiously interpreted and expanded to Western populations as
differences in metabolic levels exist among different races. 5) Although we took insulin into consideration, the other
medicine therapy had not been considered, which may have had a potential impact on the study results. 6) It is difficult to
rule out that some patients may be complicated with undiagnosed systemic diseases, such as occult malignancies, which
may have an impact on the assessment of prognosis.

Conclusions

Based on retrospective studies, we concluded that the TyG index is associated with 2-year MACCEs in patients with
T2DM who underwent OPCABG independently of known cardiovascular risk factors. The TyG index may be a useful
marker for prognosis in patients with T2DM who underwent OPCABG. Further prospective, large studies are required to
confirm our findings.
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