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Aims: Research on the triglyceride-glucose (TyG) index in patients with stable
coronary artery disease (SCAD) remains relatively limited. Therefore, this study
aims to investigate the association of the TyG index and its derived indicators,
including the baseline TyG index, the baseline triglyceride glucose-body mass
index (TyG-BMI), the mean TyG index, and the triglyceride glucose index-
standard deviation (TyG-SD), with the prognosis of SCAD patients undergoing
percutaneous coronary intervention (PCl).

Methods: This retrospective study enrolled 2,306 patients. The Cox proportional
hazards model was utilized to evaluate the association between the four TyG
indicators and major adverse cardiovascular and cerebrovascular events
(MACCE). The predictive ability of the four TyG indicators for MACCE was
assessed using the time-dependent receiver operating characteristic (ROC)
curve. Kaplan-Meier survival analysis was employed to assess the prognostic
differences among groups.

Results: After a median follow-up of 26.1 months, a total of 352 patients (15.3%)
experienced MACCE. The Cox regression analysis revealed that under a fully
adjusted model, when the four TyG indicators were stratified by tertiles, patients
in the highest tertile of each TyG indicator had a significantly increased risk of
MACCE compared to those in the lowest tertile. Specifically, the hazard ratio for
baseline TyG index was 1.653 (95% confidence intervals (Cl): 1.234-2.214), for
baseline TyG-BMI was 2.467 (95%Cl: 1.849-3.293), for mean TyG index was 2.451
(95%Cl: 1.794-3.349), and for TyG-SD was 1.896 (95%ClI: 1.430-2.513). Time-
dependent ROC curve demonstrated that the mean TyG index had the strongest
predictive ability for MACCE at each follow-up time point. The Kaplan-Meier
analysis results showed that when the four TyG indicators were grouped by
tertiles, there were significant differences in the cumulative incidence of MACCE
among the three groups for each indicator (P < 0.05).
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Conclusion: Higher levels of the TyG index and its derived indicators were each
independently and positively associated with the risk of MACCE in SCAD patients
undergoing PCl. Among these indicators, the mean TyG index demonstrated the
greatest predictive value for the risk of MACCE at each follow-up time point.
Consequently, tracking the long-term trends of the TyG index may be prioritized
in clinical practice.
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insulin resistance, triglyceride-glucose index, percutaneous coronary intervention, stable
coronary artery disease, major adverse cardiovascular and cerebrovascular events
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SCAD, stable coronary artery disease; PCl, percutaneous coronary intervention; MACCE, major adverse cardiovascular and cerebrovascular events;
TyG, triglyceride-glucose; TyG-BMI, triglyceride glucose-body mass index; TyG-SD, triglyceride glucose index-standard deviation.
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Introduction

Abbreviations: SCAD, Stable coronary artery disease; TyG, Triglyceride-glucose;

TyG-BMI, Triglyceride glucose-body mass index; TyG-SD, Triglyceride glucose
index-standard deviation; PCI, Percutaneous coronary intervention; MACCE,
Major adverse cardiovascular and cerebrovascular events; ROC, Receiver
operating characteristic; IR, Insulin resistance; CVD, Cardiovascular disease;
TG, Triglycerides; FBG, Fasting blood glucose; ACS, Acute coronary syndrome;
AMI, Acute myocardial infarction; AUC, Area under curve; LDL-C, Low-density
lipoprotein cholesterol; HbAlc, Glycosylated hemoglobin Alc; LVEF, Left

ventricular ejection fraction.
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As a significant threat to global health, cardiovascular disease
(CVD) tops the list of causes for death and healthcare expenditures,
placing a considerable strain on healthcare systems across the globe
(1, 2). Consequently, the timely identification of individuals at risk
of poor CVD prognosis is of paramount importance.

Insulin resistance (IR) plays a crucial determinant in the
development and prognosis of CVD (3, 4). Therefore, identifying
reliable biomarkers for IR has long been a key focus of research (5).
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The triglyceride-glucose (TyG) index, derived from measurements
of fasting blood glucose (FBG) and fasting triglycerides (TG),
emerged as an innovative metric for detecting IR due to its
convenience, low cost, and robust predictive capabilities (6-8).
Moreover, TyG index also demonstrated commendable value in
the occurrence and prognosis of CVD (9-11). However, with
further investigation into the TyG index, researchers have
discovered that derived indicators of the TyG index might more
accurately reflect IR status than the baseline TyG index, and
exhibited greater predictive value for CVD prognosis (12-14). For
example, obesity is recognized as independently contributing to the
progression of CVD (15). Numerous studies have proposed that
combining the TyG index with body mass index (BMI) to form the
triglyceride glucose-body mass index (TyG-BMI) showed a
significantly stronger correlation with prognosis of CVD (16, 17).
Furthermore, some researchers have pointed out that the TyG index
also displayed dynamic changes over time (18, 19). A single baseline
assessment of the TyG index may not fully reflect the long-term
TyG index levels in individuals during extended follow-up.
Consequently, long-term levels of the TyG index, derived from
various time points (mean TyG index, and TyG index variability)
could reasonably predict the prognosis of CVD (12, 20, 21).
However, previous studies predominantly focused on exploring
the correlation of baseline TyG index with the prognosis in acute
coronary syndrome (ACS) patients (22-25). Research on the
relationship between the TyG index and its derived indicators
with the prognosis of stable coronary artery disease (SCAD) is
still relatively scarce. Additionally, it remains unclear which of the

Patients received PCI from
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various TyG index-derived indicators can provide better predictive
value for the prognosis of SCAD. Therefore, the aim of this study
was to investigate the relationship between the four TyG indicators
(baseline TyG index, baseline TyG-BMI, mean TyG index, TyG
index variability) and the prognosis of SCAD patients following
percutaneous coronary intervention (PCI), while simultaneously
evaluating which of these indicators could provide superior
predictive value. The results of this study could contribute to the
development of new strategies for enhancing the prognosis in
SCAD patients, while offering valuable insights into the predictive
significance of TyG index-derived indicators for clinical prognosis
in this population.

Methods
Study population

From January 2015 to October 2019, patients with SCAD who
underwent PCI at Sir Run Run Shaw Hospital, affiliated with
Zhejiang University School of Medicine, were the subjects of a
retrospective analysis conducted in the study. Adhering to the
Declaration of Helsinki, the study received approval from the Sir
Run Run Shaw Hospital Ethics Committee (approval number 2020-
591-03). Figure 1 illustrated the patient screening process,
culminating in the inclusion of 2,306 patients who met the
subsequent criteria for inclusion and exclusion.

Jan. 2015 to Oct.2019

Inclusion criteria (n = 2507):

@ (1) Patients older than 18 years;

@ (2) Patients with a diagnosis of SCAD;

@ (3) All patients had baseline measurements of the TyG index, and at least two
additional TyG index measurements were obtained within two years following PCI,
with an interval of over three months between each consecutive assessment.

Exclusion criteria:

A4

=359);
The analytical cohort
comprised 2306 cases

@ (1) Patients who experienced the study endpoint without obtaining at least two post-
PCI measurements of the TyG index (n = 38);

> 4 (2) Patients with comorbid severe cardiac conditions, such as congenital heart disease,

severe valvular heart disease, severe heart failure with a LVEF <40%, malignant

arrhythmias, aortic dissection, active endocarditis, acute myocarditis, and pericarditis (n

@ (3) Patients with hepatic and renal insufficiency, severe infection, hematological
disorders, and malignant neoplasms (n = 37);
@ (4) Patients with incomplete baseline data and missing follow-up data (n = 67).

A

MACCE patients (n = 352)

Non-MACCE patients (n = 1954)

FIGURE 1

Flowchart of patient enrollment. PCI, percutaneous coronary intervention; SCAD, stable coronary artery disease; TyG, triglyceride-glucose; LVEF, left
ventricular ejection fraction; MACCE, major adverse cardiovascular and cerebrovascular events.
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The following outlines the criteria used for participant inclusion
(n = 2507) (1): Patients older than 18 years (2). Patients with a
diagnosis of SCAD (3). All patients had baseline measurements of
the TyG index, and at least two additional TyG index measurements
were obtained within two years following PCI, with an interval of
over three months between each consecutive assessment. The
criteria for participant exclusion were specified below: (1) Patients
who experienced the study endpoint without obtaining at least two
post-PCI measurements of the TyG index (n = 38). (2) Patients with
comorbid severe cardiac conditions, such as congenital heart
disease, severe valvular heart disease, severe heart failure with a
left ventricular ejection fraction (LVEF) < 40%, malignant
arrhythmias, aortic dissection, active endocarditis, acute
myocarditis, and pericarditis (n = 59). (3) Patients with hepatic
and renal insufficiency, severe infection, hematological disorders,
and malignant neoplasms (n = 37). (4) Patients with incomplete
baseline data and missing follow-up data (n = 67).

Definitions

In adherence to the 2013 European Society of Cardiology
guidelines, SCAD encompasses patients presenting with recurrent,
transient ischemic episodes stemming from an imbalance between
oxygen supply and demand, within the context of established coronary
artery stenosis—including both stable angina and silent ischemia—and
those who have reached a state of stabilization subsequent to ACS (26).
The calculation of the TyG index was based on the formula: TyG index
=In [TG (mg/dL) x FBG (mg/dL)/2] (12). The TyG-BMI calculation
was based on the following formula: TyG-BMI = TyG index x BMI
(kg/m?) (16). BMI was calculated as weight (kg)/height (m)? (16). The
mean TyG index was ascertained by computing the arithmetic average
of all TyG index recordings for each subject. The variability of the TyG
index was determined based on the standard deviation (SD) of all TyG
index recordings for each subject, which was denoted as the triglyceride
glucose index-standard deviation (TyG-SD). Multivessel lesion was
characterized by the presence of at least two epicardial coronary arteries
or their major branches with luminal narrowing of 50% or greater, and/
or the presence of left main stem disease (27). Hypertension was
defined as having a systolic blood pressure > 140 mmHg or a diastolic
blood pressure > 90 mmHg, along with either a prior diagnosis of
hypertension or the use of medications designed to manage blood
pressure (21). Diabetes was identified through meeting any of the
following criteria: FBG > 7.0mmol/L, glycated hemoglobin Alc
(HbAlc) = 6.5%, treatment with oral hypoglycemic drugs or insulin
therapy, or a documented history of diabetes (28). The smoking status
was delineated into three categories: never, former, and current.
Drinking status was also categorized into three groups: never,
former, and current.

Data collection
In this study, a meticulous review and organization of patient

data was undertaken, encompassing the collection of demographic
information, medical history, laboratory and echocardiographic
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indicators, pharmaceutical usage, and detailed information on
PCI, all meticulously documented by physicians with extensive
clinical experience and rigorous training. Furthermore, after a
period of at least 8 hours of fasting, venous blood was drawn for
the measurement of FBG, TG, low-density lipoprotein cholesterol
(LDL-C), HbAlc, and other biochemical parameters.

Follow-up endpoint

The study conducted follow-up assessments over a median
duration of 26.1 months. Patients were followed up through a
variety of methods, including in-person consultations, telephonic
communications, and the administration of questionnaires. The
endpoint of this study was major adverse cardiovascular and
cerebrovascular events (MACCE), a composite metric that
specifically encompasses non-fatal stroke, non-fatal acute
myocardial infarction (AMI), target vessel revascularization
(TVR), and all-cause mortality. Stroke was recognized by the
presence of International Classification of Diseases (ICD)-10
codes 160 to 161, as well as code 163, while AMI was identified
through the documentation of ICD-10 codes I21. TVR was
characterized by any unforeseen revascularization procedures
involving either the target or nontarget coronary arteries,
encompassing both coronary artery bypass grafting and PCI (29).
Death from any cause was referred to as all-cause mortality.

Statistical analysis

Expressed in terms of the mean with SD as well as median and
interquartile range, the continuous variables were outlined.
Student’s t-test was the chosen method for paired comparisons
when data exhibited a normal or near-normal distribution.
Conversely, for data that followed a non-parametric distribution,
the paired comparisons were conducted using the Mann-Whitney
U-test. Case numbers and their corresponding percentages were
used to illustrate the categorical variables, and the variations among
them were assessed using Fisher’s exact test or % test.

This study stratified participants into tertiles based on four TyG
indicators (baseline TyG index, baseline TyG-BMI, mean TyG index,
TyG-SD), with the designation Q1 < Q2 < Q3, using QI as the
reference group. The relationship between these four TyG indicators
and the potential for MACCE in SCAD patients undergoing PCI was
evaluated, employing the Cox proportional hazards model. In addition,
the four TyG indicators were also analyzed as continuous variables in
Cox regression models. Hazard ratios (HR), accompanied by their
respective 95% confidence intervals (CI), were utilized to convey the
results. Three hazard models were constructed based on established
influencing factors from previous studies (30-33). Model 1
incorporated adjustments for age and gender (male or female).
Model 2 incorporated adjustments for age, gender, baseline BMI,
smoke (never, former, and current), drink (never, former, and
current), hypertension (yes or no), and diabetes (yes or no). Model
3, the fully adjusted model, was adjusted for age, gender, baseline BMI,
smoke, drink, hypertension, and diabetes, prior AMI (yes or no),
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baseline LDL-C, multivessel lesion (yes or no), LVEF, and medications
(administration of angiotensin converting enzyme inhibitor/
angiotensin receptor blocker, antidiabetic agents, antihypertensive
agents, and P-receptor blocker) (yes or no). Given the significant
collinearity observed between the baseline TyG-BMI and the baseline
BMI, the model employed at baseline TyG-BMI excludes the baseline
BMI as a variable. The study utilized time-dependent receiver operating
characteristic (ROC) curves to evaluate the predictive capacity of four
TyG indicators at various follow-up time points (12, 18, 24, 30, 36, and
42 months) for MACCE and to calculate the Youden index and the
cut-off point (34, 35). Additionally, the study further employed the
Kaplan-Meier survival analysis and Log-rank test to examine the
prognostic disparities among groups categorized by the tertiles of the
four TyG indicators. Finally, the study stratified participants based on
gender (male or female), diabetes (yes or no), hypertension (yes or no),
and LDL-C levels (<1.8mmol/L or >1.8mmol/L) to investigate whether
the correlation of four TyG indicators with MACCE varies across
different populations.

Statistical significance was determined by a threshold of P < 0.05,
employing a two-tailed test. The dataset was analyzed and evaluated
through the application of the SPSS software suite, specifically edition
23.0, an IBM product hailing from Chicago, Illinois. Furthermore, the
analytical process was complemented by the utilization of R, version
4.3.0, which emanates from Vienna, Austria.

Results

Baseline characteristics and
patient screening

A cumulative number of 2,306 SCAD individuals who underwent
PCI were ultimately enrolled in this study. Table 1 presented an
exhaustive overview of the key baseline demographic and clinical
features. The study cohort had an average age of 64.44 + 10.15 years,
with 68.8% males. Within this population, 352 individuals developed
MACCE subsequent to PCIL Of these, 197 patients underwent TVR, 53
individuals suffered a non-fatal AMI, 43 patients experienced a non-
fatal stroke, and 59 patients experienced an all-cause mortality. Among
MACCE patients, significantly higher proportions were observed for
hypertension (72.7% vs. 64.8%, P = 0.004), diabetes (41.5% vs. 23.9%, P
< 0.001), prior stroke (11.1% vs. 7.5%, P = 0.024), and multivessel
disease (16.5% vs. 12.1%, P = 0.023). Moreover, these patients also
exhibited higher levels of BMI, white blood cell, FBG, TG, baseline TyG
index, baseline TyG-BMI, mean TyG index, TyG-SD, HbAlc, C-
reactive protein, and LDL-C (P < 0.05).

Association between the four TyG
indicators and MACCE

Association between the four TyG indicators and the MACCE
risk across varying models was illustrated in Table 2. When
analyzed as continuous variables, all four TyG indicators
demonstrated an independent positive correlation with the risk of
MACCE in each model (P < 0.05). Moreover, in all three models,
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the highest tertile levels of the four TyG indicators were also
consistently and significantly positively associated with MACCE
risk (P < 0.05). In Model 3, when baseline TyG index was
categorized into tertiles, MACCE risk was significantly higher in
the Q2 and Q3 groups compared to the Q1 group (Q2 HR: 1.409,
95% CI: 1.049-1.893; Q3 HR: 1.653, 95% CI: 1.234-2.214). Similarly,
when baseline TyG-BMI was categorized, MACCE risk for the Q2
and Q3 groups was also relatively higher compared to the Q1 group
(Q2 HR: 1.561, 95% CI: 1.152-2.116; Q3 HR: 2.467, 95% CI: 1.849-
3.293). Moreover, when mean TyG index was utilized as a
categorical variable, MACCE risk in the Q3 group was 2.451-fold
(95% CI: 1.794-3.349) higher than the Q1 group. When TyG-SD
was categorized, MACCE risk in the Q3 group was 1.896-fold
(95% CI: 1.430-2.513) higher than the Q1 group.

The disparities in MACCE risk among
tertiles of the four TyG indicators

The Kaplan-Meier survival analysis results indicated that when
the four TyG indicators were stratified into tertiles, there were
statistically significant differences in the cumulative incidence of
MACCE among the three groups (P < 0.001). Furthermore, the
cumulative incidence of MACCE increased with the higher TyG
indicator tertiles (Q3 > Q2 > Q1) (Figure 2).

Assessing predictive ability of the four TyG
indicators for MACCE

At different time points, Figure 3 and Table 3 presented the
predictive ability of the four TyG indicators for MACCE in SCAD
patients who underwent PCI, utilizing time-dependent ROC curves.
Employing baseline TyG index as the detection variable, the area
under curve (AUC) increased progressively over the three-year
follow-up period, reaching 0.578 (95% CI: 0.524-0.633) in the first
year, 0.592 (95% CI: 0.557-0.627) in the second year, and 0.615
(95% CI: 0.575-0.655) in the third year. Similarly, the predictive
ability of baseline TyG-BMI and mean TyG index for MACCE also
exhibited a steady increase over time. In contrast, when TyG-SD
was the detection variable, the AUC was highest in the first year,
followed by the third year, and lowest in the second year.

The study also compared the predictive ability of the four TyG
indicators for MACCE across six time points (12, 18, 24, 30, 36, and
42 months). Among the four TyG indicators, regardless of the time
point, the mean TyG index demonstrated the highest predictive
ability for MACCE. Furthermore, at every time point, baseline TyG-
BMI showed greater predictive accuracy for MACCE compared to
baseline TyG index. For details, refer to Figure 4 and Table 4.

Subgroup analysis
This study also stratified individuals according to gender, diabetes,

hypertension, and LDL-C levels to determine whether the association
between the four TyG indicators and MACCE risk differed across
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TABLE 1 Baseline characteristics of the two groups.

Overall (n=2306)

MACCE
No (n=1954)

Yes (n=352)

10.3389/fendo.2025.1465376

P value

Demographic features

Age, yrs 64.44 + 10.15 64.16 + 10.06 65.98 + 10.53 0.002*
Male, n (%) 1587 (68.8) 1341 (68.6) 246 (69.9) 0.639
Hypertension, n (%) 1522 (66.0) 1266 (64.8) 256 (72.7) 0.004*
Diabetes, n (%) 613 (26.6) 467 (23.9) 146 (41.5) <0.001*
Smoke, n (%) 0.294
Never 637 (27.6) 551 (28.2) 86 (24.4)
Former 764 (33.1) 638 (32.7) 126 (35.8)
Current 905 (39.2) 765 (39.2) 140 (39.8)
Drink, n (%) 0.144
Never 1080 (46.8) 928 (47.5) 152 (43.2)
Former 588 (25.5) 484 (24.8) 104 (29.5)
Current 638 (27.7) 542 (27.7) 96 (27.3)
Prior stroke, n (%) 186 (8.1) 147 (7.5) 39 (11.1) 0.024*
Prior AML n (%) 130 (5.6) 111 (5.7) 19 (5.4) 0.832
Prior PCL n (%) 165 (7.2) 134 (6.9) 31 (8.8) 0.192
Family history of CAD, n (%) 357 (15.5) 293 (15.0) 64 (18.2) 0.128
BMI, kg/m2 24.29 +3.32 24.13 +3.22 25.14 +3.72 <0.001*
LVEF, % 65.81 + 8.17 65.98 + 8.12 64.92 + 8.36 0.025*
Laboratory information
White blood cell, x10°/L 6.46 + 2.07 6.39 £ 2.03 6.80 + 2.27 0.001*
FBG, mmol/L 6.40 + 2.51 6.25 +2.29 7.20 + 3.37 <0.001*
TG, mmol/L 1.38 [1.01. 1.95] 1.36 [0.99. 1.91] 1.52 [1.11. 2.17] <0.001*
Baseline TyG index 8.85 + 0.63 8.81 £ 0.59 9.07 £ 0.78 <0.001*
Baseline TyG-BMI 215.39 + 36.29 213.00 + 34.67 228.69 + 41.82 <0.001*
Mean TyG index 8.76 £ 0.51 8.72 £ 0.48 9.01 +0.58 <0.001*
TyG-SD 0.304 [0.203, 0.438] 0.295 [0.198, 0.421] 0.373 [0.252, 0.531] <0.001*
HbAlc, % 6.23 + 1.10 6.16 + 1.03 6.60 + 1.36 <0.001*
TC, mmol/L 421 +1.25 4.18 £ 1.20 4.36 + 1.48 0.017*
LDL-C, mmol/L 223 £ 094 220 £0.92 2.39 + 1.04 <0.001*
NT-proBNP, pg/mL 139.5 [50.0, 376.0] 131.0 [48.0, 367.0] 233.5 [64.8, 455.8] <0.001*
eGFR, ml/(minx1.73 mz) 86.75 + 20.68 87.02 + 20.36 85.21 + 22.40 0.229
C-reactive protein, mg/L 1.50 [0.70, 3.60] 1.40 [0.60, 3.40] 2.10 [1.00, 5.93] <0.001*
PCI procedure data
Multivessel lesion, n (%) 294 (12.7) 236 (12.1) 58 (16.5) 0.023*
Total length of stents, mm 30.0 [20.0, 48.0] 30.0 [20.0, 48.0] 31.0 [23.0, 51.0] 0.003*
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TABLE 1 Continued

10.3389/fendo.2025.1465376

MACCE
Overall (n=2306) No (n=1954) Yes (n=352) P value
Medication

Antidiabetic agents, n (%) 551 (23.9) 435 (22.3) 116 (33.0) <0.001*
Antihypertensive agents, n (%) 1466 (63.6) 1215 (62.2) 251 (71.3) 0.001*
Aspirin, n (%) 2239 (97.1) 1898 (97.1) 341 (96.9) 0.790
Clopidogrel/Ticagrelor, n (%) 2246 (97.4) 1906 (97.5) 340 (96.6) 0.301
Statin, n (%) 2274 (98.6) 1929 (98.7) 345 (98.0) 0.295
B-receptor blocker, n (%) 933 (40.5) 778 (39.8) 155 (44.0) 0.138
ACEI/ARB, n (%) 1098 (47.6) 918 (47.0) 180 (51.1) 0.151

Categorical variables were presented as counts alongside their respective percentages, whereas continuous variables were depicted as the mean with the standard deviation or the median along
with the interquartile range. MACCE, major adverse cardiovascular and cerebrovascular events; AMI, acute myocardial infarction; PCI, percutaneous coronary intervention; CAD, coronary
artery disease; BMI, body mass index; LVEF, left ventricular ejection fraction; FBG, fasting blood glucose; TG, triglycerides; TyG, triglyceride-glucose; TyG-BMI, triglyceride glucose-body mass
index; TyG-SD, triglyceride glucose index-standard deviation; HbAlc, glycosylated hemoglobin Alc; TC, total cholesterol; LDL-C, low density lipoprotein cholesterol; NT-proBNP, N-terminal
pro-B-type natriuretic peptide; eGFR, estimated glomerular filtration rate; ACEI, angiotensin converting enzyme inhibitor; ARB, angiotensin receptor blocker; *P < 0.05.

various subgroups. The subgroup analysis found a significant positive
association between the highest tertile levels of the four TyG indicators
and MACCE risk (P < 0.05), irrespective of gender (Supplementary

Table 1), diabetes status (Supplementary Table 2), or hypertension
status (Supplementary Table 3). Similarly, in subgroups with LDL-C
levels (< 1.8mmol/L or > 1.8mmol/L) (Supplementary Table 4), a

TABLE 2 Hazard ratios for MACCE based on baseline TyG Index, baseline TyG-BMI, Mean TyG index, and TyG-SD.

significant correlation was also found between the highest tertile levels
of the four TyG indicators and MACCE risk (P < 0.05). Furthermore,
within each subgroup, the analysis of the four TyG indicators as

continuous variables also revealed a positive correlation with MACCE

risk. These findings were consistent with the primary results observed

in the overall population.

Model 1 Model 2 Model 3
Variables S ; ; ; P value
Overall (%) Adjusted HR Adjusted HR Adjusted HR
(95%Cl) (95%Cl) (95%Cl)
Baseline 1.800 (1.558-2.080) <0.001* 1.521 (1.299-1.782) <0.001* 1.499 (1.275-1.764) <0.001*
TyG index
Q1 <853 791769 (10.3) 1 (Reference) 1 (Reference) 1 (Reference)
Q2 < 8.53,<9.05 116/769 (15.1) 1.677 (1.257-2.236) <0.001* 1.439 (1.074-1.929) 0.015* 1.409 (1.049-1.893) 0.023*
Q3 >9.05 157/768 (20.4) 2.302 (1.752-3.025) <0.001* 1.740 (1.307-2.318) <0.001* 1.653 (1.234-2.214) 0.001*
P for trend <0.001* <0.001* <0.001*
Baseline TyG-BMI 1.011 (1.009-1.014) <0.001* 1.010 (1.007-1.012) <0.001* 1.009 (1.007-1.012) <0.001*
Q1 <£198.12 70/769 (9.1) 1 (Reference) 1 (Reference) 1 (Reference)
Q2 < 198.12, 108/769 (14.0) 1.701 (1.257-2.301) 0.001* 1.577 (1.163-2.137) 0.003* 1.561 (1.152-2.116) 0.004*
< 228.69
Q3 > 228.69 174/768 (22.7) 2.917 (2.204-3.861) <0.001* 2.524 (1.895-3.361) <0.001* 2.467 (1.849-3.293) <0.001*
P for trend <0.001* <0.001* <0.001*
Mean TyG index 2.567 (2.152-3.062) <0.001* 2.114 (1.738-2.572) <0.001* 2.128 (1.741-2.601) <0.001*
Q1 <852 61/769 (7.9) 1 (Reference) 1 (Reference) 1 (Reference)
Q2 < 852,892 114/769 (14.8) 2.005 (1.468-2.738) <0.001* 1.790 (1.307-2.453) <0.001* 1.746 (1.272-2.397) 0.001*
Q3 >8.92 177/768 (23.0) 3.300 (2.460-4.425) <0.001* 2.504 (1.837-3.413) <0.001* 2.451 (1.794-3.349) <0.001*
P for trend <0.001* <0.001* <0.001*
(Continued)
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TABLE 2 Continued
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Model 1 Model 2 Model 3
; Events/ ; P value ; P value ; P value
Variables Overall (%) Adjusted HR Adjusted HR Adjusted HR
(95%Cl) (95%Cl) (95%Cl)
TyG-SD 2.972 (2.264-3.900) <0.001* 2.429 (1.771-3.330) <0.001* 2.547 (1.839-3.530) <0.001*
Q1 £0.2375 751769 (9.8) 1 (Reference) 1 (Reference) 1 (Reference)
Q2 < 02375, 111/769 (14.4) 1.523 (1.135-2.042) 0.005* 1.416 (1.055-1.900) 0.021* 1.411 (1.050-1.896) 0.022*
<0.3847
Q3 > 0.3847 166/768 (21.6) 2.276 (1.732-2.991) <0.001* 1.902 (1.438-2.517) <0.001* 1.896 (1.430-2.513) <0.001*
P for trend <0.001* <0.001* <0.001*

Model 1: Adjusted for age and gender (male or female).
Model 2: Adjusted for age, gender (male or female), baseline BMI, smoke (never, former, and current), drink (never, former, and current), hypertension (yes or no), and diabetes (yes or no).
Model 3: Adjusted for age, gender (male or female), baseline BMI, smoke (never, former, and current), drink (never, former, and current), hypertension (yes or no), and diabetes (yes or no), prior
AMI (yes or no), baseline LDL-C, multivessel lesion (yes or no), LVEF, and medications (administration of ACEI/ARB, antidiabetic agents, antihypertensive agents, and B-receptor blocker) (yes

or no).

Given the significant collinearity observed between the TyG-BMI and the BMI, the model employed at baseline TyG-BMI excludes the BMI as a variable. MACCE, major adverse cardiovascular
and cerebrovascular events; TyG, triglyceride-glucose; TyG-BMLI, triglyceride glucose-body mass index; TyG-SD, triglyceride glucose index-standard deviation; HR, hazard ratios; CI, confidence
interval; BMI: body mass index; AMI, acute myocardial infarction; LDL-C, low density lipoprotein cholesterol; LVEF, left ventricular ejection fraction; ACEI, angiotensin converting enzyme
inhibitor; ARB, angiotensin receptor blocker; *P < 0.05.

Discussion

Based on a retrospective analysis of follow-up data from 2306

SCAD patients who underwent PCI, two main conclusions were

drawn: 1. After thorough adjustment for covariates, higher levels of

the four TyG indicators (baseline TyG index, baseline TyG-BMI,
mean TyG index, TyG-SD) displayed an independent and positive
correlation with MACCE risk. 2. Compared to baseline TyG index,
baseline TyG-BMI, and TyG-SD, mean TyG index demonstrated
superior predictive value for MACCE risk.

FIGURE 2

Kaplan—Meier analysis of MACCE by baseline TyG index (A), baseline TyG-BMI (B), mean TyG index (C), and TyG-SD (D). Four TyG indicators were
grouped based on their tertiles, with the designation Q1 < Q2 < Q3. MACCE, major adverse cardiovascular and cerebrovascular events; TyG,
triglyceride-glucose; TyG-BMI, triglyceride glucose-body mass index; TyG-SD, triglyceride glucose index-standard deviation.
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FIGURE 3
Time-dependent ROC curve for diagnosis of MACCE utilizing baseline TyG index (A), baseline TyG-BMI (B), mean TyG index (C), and TyG-SD (D).
The AUC was calculated at the 1-year, 2-year, and 3-year time points, respectively. ROC, receiver operating characteristic; TyG, triglyceride-glucose;
TyG-BMI, triglyceride glucose-body mass index; TyG-SD, triglyceride glucose index-standard deviation; AUC, area under curve; MACCE, major
adverse cardiovascular and cerebrovascular events.
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TABLE 3 The predictive value of four TyG indicators for MACCE at different time points.

Time points

AUC of 1 year
Cut-off of 1 year
Youden index of 1 year

AUC of 2 year

Baseline TyG index

0.578 (0.524-0.633)
8.52
0.159

0.592 (0.557-0.627)

0.599 (0.545-0.653)
231.45
0.178

0.613 (0.577-0.649)

Baseline TyG-BMI

Mean TyG index
0.620 (0.567-0.672)
8.65

0.201

0.634 (0.601-0.668)

TyG-SD

0.598 (0.543-0.653)
03736

0.176

0.587 (0.551-0.622)

Cut-oft of 2 year

8.64

229.34

8.65

0.3722

Youden index of 2 year

0.171

0.184

0.208

0.164

AUC of 3 year
Cut-off of 3 year

Youden index of 3 year

0.615 (0.575-0.655)
8.65

0.187

0.630 (0.592-0.669)
232.18

0.203

0.661 (0.623-0.700)
8.66

0.226

0.589 (0.549-0.629)
0.3725

0.169

TyG, triglyceride-glucose; MACCE, major adverse cardiovascular and cerebrovascular events; AUC, area under curve; TyG-BMI, triglyceride glucose-body mass index; TyG-SD, triglyceride

glucose index-standard deviation.
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FIGURE 4
AUC changes over time (12, 18, 24, 30, 36, and 42 months) for the
four TyG indicators in predicting MACCE. AUC, area under curve;
TyG, triglyceride-glucose; TyG-BMI, triglyceride glucose-body mass
index; TyG-SD, triglyceride glucose index-standard deviation;
MACCE, major adverse cardiovascular and cerebrovascular events.

The TyG index has been established as an emerging indicator
capable of representing IR, demonstrating a robust concordance
with the outcomes of the gold-standard tests for IR (36, 37).
Therefore, TyG index has initially shown substantial value in
predicting metabolic diseases (38-40). Xue and colleagues found
that TyG index, when combined with obesity indicators, could serve
as an effective tool for the early screening of non-alcoholic fatty liver
disease, metabolic-associated fatty liver disease, and liver fibrosis
(38). Chen discovered that TyG index could identify
normoglycemic conversion in prediabetes patients (39). Guo
presented that TyG index was able to predict the onset of
gestational diabetes in early pregnancy (40). Moreover, IR is
known to facilitate the progression of CVD by inducing an
imbalance in glucose metabolism, altering systemic lipid
metabolism, and precipitating endothelial dysfunction (41, 42).
Accordingly, some studies found that TyG index also
demonstrated high accuracy in predicting the onset and prognosis
of CVD (43-45). Zhao showed that TyG index was positively
correlated with chest pain events and all-cause mortality in
United States adults (8). Xin proposed that both baseline TyG
index and the elevated trajectory of its growth were linked to
hypertension incidence (46). Wu et al. suggested that among
patients over 45 years old with consistently elevated TyG index
levels, the incidence of stroke was significantly higher (47). Zhou
indicated that TyG index was strongly correlated with a higher risk

10.3389/fendo.2025.1465376

of both mortality and rehospitalization in patients with heart failure
with preserved ejection fraction (48). Guo et al. also identified that
people with elevated TyG index values had a greater probability of
experiencing impaired cardiovascular fitness, particularly among
males (49). Santulli reported that prediabetes may increase the risk
of frailty in elderly individuals with hypertension, with the TyG
index potentially serving as an intermediary in this association (50).
However, the aforementioned studies have seldom addressed the
relationship between TyG index and prognosis in SCAD patients.
Given that SCAD is a critical component of CVD, it deserves greater
attention. Therefore, this study aimed to fill this void.

This study also combined TyG index with BMI and considered the
longitudinal patterns of TyG index (mean level and variability). Hence,
it adopted a multidimensional approach to examine the relationship
between TyG index and the prognosis in SCAD patients. Similar to
previous studies (11, 21, 32, 51), this study demonstrated that baseline
TyG index, baseline TyG-BMI, mean TyG index, and TyG-SD were all
significantly associated with adverse prognosis in SCAD patients, with
these findings remaining robust across multiple subgroups.
Interestingly, our study also revealed that, at several time points,
mean TyG index exhibited the highest predictive value for adverse
outcomes, while baseline TyG-BMI showed greater predictive ability
than baseline TyG index. This may be attributable to the fact that mean
TyG index and TyG-BMI better reflect the real status of IR (17, 46),
suggesting that clinicians may need to pay more attention to
populations with persistently high TyG index levels over the long
term. Furthermore, in situations where only baseline data were
available, prioritizing the assessment of TyG-BMI would be a more
valuable approach.

Prior studies indicated that the variability of certain risk factors for
CVD, such as blood pressure, glucose, and lipid, could predict adverse
outcomes in CVD patients, with this predictive effect being
independent of the baseline or mean levels of the risk factors (52—
54). Our study also found that the variability of TyG index was
associated with adverse prognosis in SCAD patients. Several potential
pathophysiological mechanisms might account for the results of this
study. Initially, TyG index was correlated with FBG, and drastic
fluctuations in FBG could induce oxidative stress, elevate levels of
inflammatory cytokines, and cause endothelial dysfunction. This
process may accelerate the occurrence of atherosclerosis, thereby
triggering the onset of adverse events (55, 56). Secondly, TyG index
serves as a biomarker for IR levels, the fluctuations of which may

TABLE 4 Comparison of the predictive value of four TyG indicators for MACCE across six time points.

Time points Baseline TyG index

Baseline TyG-BMI

Mean TyG index TyG-SD

AUC of 12 month

AUC of 18 month

AUC of 24 month

AUC of 30 month

AUC of 36 month

AUC of 42 month

0.578 (0.524-0.633)
0.578 (0.541-0.615)
0.592 (0.557-0.627)
0.600 (0.565-0.636)
0.615 (0.575-0.655)

0.599 (0.548-0.649)

0.599 (0.545-0.653)
0.613 (0.576-0.650)
0.613 (0.577-0.649)
0.623 (0.587-0.660)
0.630 (0.592-0.669)

0.604 (0.552-0.656)

0.620 (0.567-0.672)
0.621 (0.585-0.656)
0.634 (0.601-0.668)
0.649 (0.615-0.684)
0.661 (0.623-0.700)

0.646 (0.598-0.695)

0598 (0.543-0.653)
0.583 (0.546-0.620)
0587 (0.551-0.622)
0.588 (0.551-0.624)
0.589 (0.549-0.629)

0.591 (0.538-0.643)

TyG, triglyceride-glucose; MACCE, major adverse cardiovascular and cerebrovascular events; AUC, area under curve; TyG-BMI, triglyceride glucose-body mass index; TyG-SD, triglyceride

glucose index-standard deviation.
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precipitate alterations in lipid levels. The high variability of lipids could
potentially induce the crystallization and dissolution of cholesterol
within the coronary artery plaques, thereby augmenting the risk of
plaque rupture, which implicates a critical pathophysiological process
implicated in AMI and stroke (57, 58).

Study strengths and limitations

This study was the first to investigate the relationship between
TyG-related indicators and clinical prognosis in SCAD patients
undergoing PCI from multiple perspectives, and to compare the
predictive efficacy of the four TyG indicators (baseline TyG index,
baseline TyG-BMI, mean TyG index, and TyG-SD) for adverse
outcomes at various time points. It offered new insights for clinicians
in identifying individuals at high risk for MACCE. However, the study
also has several limitations. Firstly, given the observational nature of
this study, we were unable to establish a causal relationship between the
four TyG indicators and MACCE risk. Secondly, despite statistical
adjustments for confounding variables, it was not possible to entirely
rule out biases and confounding factors. Additionally, this study
involved a relatively small sample size. Consequently, the conclusions
drawn from the current study require further validation through larger-
scale prospective studies. Fourthly, the individuals of this study were
selected from the Chinese population, and further research may be
needed to validate the applicability of these findings to other racial
groups. Moreover, as only participants with a minimum of two TyG
index assessments during the first two years post-PCI were included,
and the frequency of assessments varied among patients, there may be
a certain degree of selection bias in this study. Then, the study only
included SCAD patients who underwent PCI, excluding those
managed with drug therapy alone. Therefore, the current results
were unable to generalized to all SCAD patients. Lastly, given the
relatively short median follow-up duration of about 26.1 months, the
results should ideally be corroborated by future research encompassing
longer follow-up periods.

Conclusion

Overall, this study expanded the use of the TyG index and its
derived indicators to SCAD patients undergoing PCI, demonstrating
that higher levels of baseline TyG index, baseline TyG-BMI, mean TyG
index, and TyG index variability were independently positively
associated with MACCE risk in these patients. Among these, mean
TyG index may serve as a more reliable tool for identifying individuals
at higher risk of CVD events. Thus, long-term tracking of TyG index in
clinical practice warrants considerable attention.
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