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ARTICLE INFO ABSTRACT

Handling Editor: Dr D Levy Background: There is limited knowledge regarding whether an elevated triglyceride glucose (TyG) index can
serve as a prognostic marker for mortality and cardiovascular outcomes, independent of diabetes mellitus (DM)
and plaque burden, in patients with chronic coronary syndrome (CCS).

Methods: Patients with CCS (n = 684) were categorized into subgroups based on the presence of DM, and patients
without DM were further divided into two groups based on presence or absence of an elevation of TyG index

>8.8. Coronary plaque burden was evaluated using coronary computed tomography angiography. Major car-

Keywords:

Atherosclerosis

Coronary computed tomography angiography
Coronary artery disease

Diabetes . . i1k .
Insulin resistance diovascular adverse event (MACE) was defined as a composite event of nonfatal myocardial infarction, unstable
Mortality angina or unplanned coronary revascularization, stroke, non-cardiovascular mortality and cardiovascular

mortality.

Results: Patients without DM exhibited significantly greater plaque and epicardial adipose tissue volumes than
those with DM. Multivariable Cox proportional hazards models demonstrated that DM and an elevated TyG index
>8.8 were independently associated with the risk of MACE after adjusting for age, sex, and plaque volume.
Patients with DM (hazard ratio, 3.74; 95% confidence interval, 1.97-7.08; p < 0.001) and patients without DM
with an elevated TyG index (hazard ratio, 1.99; 95% confidence interval, 1.01-3.91; p = 0.045) had an increased
risk of MACE.

Conclusion: This study indicates that DM and an elevated TyG index are predictors of MACE, independent of
plaque volume, in patients with CCS.

Insulin resistance (IR) plays a pivotal role in the development of DM
and CAD [5]. IR has been shown to be an independent predictor of

1. Background

Chronic coronary syndrome (CCS) is a spectrum of progressive dis-
eases involving nonobstructive and obstructive coronary artery disease
(CAD) [1]. Traditional risk factors that accelerate atherosclerosis, such
as hypertension and hyperlipidemia, provide only a limited explanation
for the pathogenesis of CAD [2]. Diabetes mellitus (DM) is a predictor of
atherosclerotic cardiovascular disease (ASCVD) and carries nearly
two-fold risk of vascular diseases [3]. In addition, the identification of
patients with pre-DM can help prevent progression to DM and subse-
quent ASCVD events through lifestyle modification and optimized
medical therapy [4].

vascular events in patients with and without DM [6]. In addition,
meta-analyses have consistently found that the homeostatic model
assessment for insulin resistance (HOMA-IR) is associated with an
increased risk of incident cardiovascular disease and all-cause mortality
in individuals without DM [7,8]. More recently, the triglyceride glucose
(TyG) index, which is calculated on the basis of fasting plasma glucose
and triglyceride levels, has emerged as a marker of IR [9]. The TyG
index, which is reportedly associated with coronary -calcification,
metabolic syndrome, and acute coronary syndrome [10-12], serves as a
marker of ASCVD events [13,14].
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Previous studies using intracoronary imaging have showed that DM
and IR are associated with plaque vulnerability, lipid-rich plaques, and
calcification [15,16]. Coronary computed tomography angiography
(CCTA) is a first-line defense for the management of patients with CCS
that enables noninvasive assessment of the entire coronary artery plaque
burden together with luminal stenosis [17-19]. However, it remains
unclear whether elevated TyG index serves as a marker of mortality and
cardiovascular outcomes in dependent of DM and plaque burden. We
aimed to investigate the association of DM, elevated TyG index, and
coronary atherosclerotic disease burden with mortality and cardiovas-
cular events in patients with CCS who underwent CCTA.

2. Methods
2.1. Study participants

In this single-center retrospective observational study, we screened
consecutive patients with CCS who underwent CCTA to assess CAD be-
tween December 2017 and September 2021 at Kashibaseiki Hospital.
CCS was defined on the basis of the current guideline of the European
Society of Cardiology [1]. The exclusion criteria were as follows: (1)
acute coronary syndrome, (2) coronary artery bypass graft or open-heart
surgery, (3) history of percutaneous coronary intervention, (4) insuffi-
cient patient information, (5) poor image quality, and (6) loss to
follow-up (Fig. 1). The Kashibaseiki Hospital Institutional Review Board
approved the pooled data analysis (No. 2023-G). All participants pro-
vided written informed consent for the use of de-identified data,
including clinical information, laboratory test results, and CCTA imag-
ing results.

The study participants were categorized into subgroups based on the
presence of DM. Patients without DM were further divided into two
groups according to the TyG index (IR) (Fig. 1). The median value of the
TyG index in the study population was defined as an increase in IR
(>8.8), where the TyG index was calculated as Ln (fasting plasma
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glucose [FPG] x triglyceride/2) using a fasting blood sample test before
the CCTA examination [9]. According to the Japanese Clinical Practice
Guidelines for Diabetes 2019 [20], type 2 DM was defined as having any
of the following criteria: (1) an elevated FPG level of >126 mg/dL or
casual plasma glucose level of >200 mg/dL on at least two different
visits, (2) glycated hemoglobin (HbAlc) level of >6.5% and either FPG
level of >126 mg/dL or casual blood glucose level of >200 mg/dL, or (3)
a history of a prior diagnosis of DM.

2.2. CCTA image analysis

CCTA was performed using a 320-row multidetector computed to-
mography (CT) scanner with an electrocardiogram-triggered prospec-
tive gating method (Aquilion ONE/NATURE Edition; Canon Medical
Systems, Inc., Japan). The scan parameters included a detector colli-
mation of 0.5 x 320 mm, gantry rotation time of 350 ms, tube voltage of
120 kV, and tube current of 130-600 mA. The Agatston method was
used to assess the coronary artery calcium (CAC) scores at a fixed
thickness of 3 mm. The Agatston scores were categorized as 0, 1-100,
101-400, and >400 Agatston units using SYNAPSE VINCENT version
4.6 (Fyjifilm Inc., Tokyo, Japan).

The images were reconstructed using a forward-projected model-
based iterative reconstruction solution for coronary artery analysis, with
a cross-sectional thickness of 0.5 mm and a reconstruction increment of
0.25 mm. For coronary plaque analysis, coronary artery centerlines were
identified semi-automatically; the proximal and distal portions of the
coronary plaque lesions were manually defined; and the vessel wall,
lumen, and plaque components were autosegmented, followed by
manual correction of the segmentation. The plaque volume was calcu-
lated as the plaque volume divided by the vessel volume [18].

Volumetric measurements of epicardial adipose tissue (EAT) were
performed on axial views with a 0.5-mm slice thickness on contrast-
enhanced CT images [18,21]. The upper limit of the slice was set at
the bifurcation of the pulmonary artery trunk, whereas the lower limit

Suspected or known CAD patients who underwent CCTA (n =917)

Patient exclusion
Acute coronary syndrome (n = 48)

CABG or open-heart surgery (n = 35)

\4

»| Previous coronary revascularization (n = 84)
Insufficient information (n = 26)

Poor CCTA image quality (n = 15)

Lost follow-up (n = 25)

Study population (n = 684)

' '

\ 4

Group A Group B
DM (-) DM (-)

(n=281) (n=232)

elevated TyG index (-) elevated TyG index (+)

Group C
DM (+)

(n=171)

Fig. 1. Flow chart of study patients. CAD, coronary artery disease; CCTA, coronary computed tomography angiography; DM, diabetes mellitus; TyG, triglyceride

glucose; CABG, coronary artery bypass graft surgery.
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was set at the last slice containing any heart structure. In each plane, the
SYNAPSE VINCENT software auto-detected a smooth, closed pericardial
contour as the region of interest, where adipose tissue was identified
with CT attenuation values ranging from —250 to —30 HU within the
pericardial sac. Finally, EAT volume was calculated as the sum of the
EAT areas in each slice.

2.3. Endpoints

The primary endpoint was major cardiovascular adverse event
(MACE) defined as a composite event of nonfatal myocardial infarction,
unstable angina or unplanned coronary revascularization, stroke, non-
cardiovascular mortality and cardiovascular mortality. ST-segment
elevation myocardial infarction and non-ST-segment elevation
myocardial infarction were defined by the American College of Cardi-
ology/American Heart Association guidelines [22]. Stroke was defined
as the sudden onset of neurological signs or symptoms within focal or
multifocal vascular territories, based on brain magnetic resonance im-
aging, that persisted for >24 h or until death. Clinical follow-up was
performed by interviewing patients at each hospital visit. If two or more
events occurred, only the first event was included in the analysis.

2.4. Statistical analysis

Categorical variables are presented as absolute and relative fre-
quencies. Continuous variables are expressed as mean (standard devia-
tion) for normally distributed variables and as median (interquartile
range) for non-normally distributed variables. Patient characteristics
were compared between the three groups using one-way analysis of
variance. A logarithmic transformation was performed for the non-
normally distributed variables. The effects of DM and the TyG index
>8.8 on outcomes were investigated using Cox regression analysis with
a proportional hazards model. The variables entered into model 1 were
age, sex, plaque volume, DM, and TyG index >8.8; model 2 included
age, sex, CAC score >400, DM, and TyG index >8.8; and model 3
included age, sex, obstructive CAD, DM, and TyG index >8.8. In addi-
tion, the hazard ratios (HR) for Group B and C were analyzed using the
Cox proportional hazards model by adjusting for age and sex.
Kaplan-Meier curves and log-rank tests were used to depict and assess
the differences in cumulative event rates among the three groups. The
analyses were initiated at the time of CCTA imaging and terminated at
the earliest occurrence of the primary endpoint. Analyses were censored
at the time of the last follow-up, nonfatal myocardial infarction, unsta-
ble angina or unplanned coronary revascularization, stroke, non-
cardiovascular mortality and cardiovascular mortality, whichever
occurred earlier. All statistical analyses were performed using the SPSS
software (version 24; IBM Corp., Armonk, NY, USA). Statistical signifi-
cance was set at p < 0.05 (two-sided).

3. Results
3.1. Baseline patient characteristics

The mean age of the study patients was 65 + 11 years, and 416
(61%) were men. The median TyG index was 8.8 (8.4-9.2). The baseline
characteristics stratified by the presence of DM and TyG index >8.8 are
presented in Table 1. A total of 171 (25%) patients had DM (Group C),
232 (34%) had an elevated TyG index >8.8 but without DM (Group B),
and the remaining patients (281, 41%) were without DM and an
elevated TyG index (Group A) (Fig. 1). The highest TyG index was
observed in Group B, followed by Group C and Group A. The body mass
index was higher in Group B and Group C than in Group A. Patients in
Group C were older and more likely to be men than in the other groups.
Group B had higher cholesterol profiles, particularly triglyceride levels,
than the other groups. In contrast, the highest FPG level was observed in
Group C. Group C was more likely to receive antihypertensive drugs
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Table 1
Patient characteristics.
Group A Group B Group C p-value
DM (-) DM (-) DM (+) n
elevated TyG elevated TyG =171
index (=) n = index (+) n =
281 232
Age, years 65 (12) 64 (12) 67 (10) 0.064
Male, n (%) 150 (65%) 143 (62%) 123 (72%) <0.001
BMI, kg/mm2 23.1 (3.7) 24.5 (4.2) 24.5 (4.1) <0.001
Hypertension, n 196 (70%) 181 (78%) 153 (89%) <0.001
(%)
Dyslipidemia, n 158 (56%) 190 (82%) 136 (80%) <0.001

(%)

Systolic BP, mmHg 140 (20) 141 (22) 145 (22) 0.097

Heart rate, beats/ 76 (14) 76 (13) 78 (13) 0.246
min

Current or past 75 (27%) 69 (30%) 48 (28%) 0.746
smoker, n (%)

Atrial fibrillation, 21 (7.4%) 14 (6.0%) 17 (9.9%) 0.350
n (%)

Laboratory parameters
Triglyceride, 90 (70-111) 176 (145-223) 126 <0.001
mg/dL (81-167)
HDL-C, mg/dL 70 (19) 56 (16) 57 (17) <0.001
LDL-C, mg/dL 117 (34) 127 (38) 107 (34) <0.001
Fasting plasma 104 (18) 119 (31) 159 (67) <0.001
glucose, g/dL
HbAlc, % 5.6 (0.3) 5.8 (0.3) 7.0 (1.4) <0.001
CRP, mg/L 0.7 (0.3-1.7) 1.2 (0.5-2.6) 0.9 0.013

(0.4-2.7)

TyG index, 8.4 (8.2-8.6) 9.2 (9.0-9.5) 9.1 <0.001
median (IQR) (8.6-9.5)
eGFR, mL/min/ 67 (15) 67 (16) 64 (15) 0.202
1.73 mm?

Medication
ACE inhibitor or 63 (22%) 65 (28%) 68 (40%) <0.001
ARB, n (%)
Calcium channel 75 (27%) 59 (25%) 67 (39%) 0.005
blocker, n (%)
B-blocker, n (%) 25 (8.8%) 19 (8.2%) 23 (13%) 0.172
Statins, n (%) 69 (25%) 69 (30%) 81 (47%) <0.001
Oral antidiabetic 0 (0%) 0 (0%) 104 (61%) -
drugs, n (%)
Insulin, n (%) 0 (0%) 0 (0%) 7 (4.1%) -

Values are presented as mean (standard deviation) or number (%).

ACE, angiotensin converting enzyme; ARB, angiotensin II receptor blocker; BMI,
body mass index; BP, blood pressure; CRP, C-reactive protein; DM, diabetes
mellitus; eGFR, estimated glomerular filtration rate; IQR, interquartile range;
TyG, triglyceride glucose; HbAlc, glycated hemoglobin; HDL, high-density li-
poprotein; LDL, low-density lipoprotein.

than Group A and Group B.

3.2. CCTA analysis

Table 2 shows the baseline CCTA findings of the three groups. The
prevalence of a CAC score >400 was the highest in Group C (24%) (p <
0.001). There were no significant differences in the frequency of
obstructive CAD or nonobstructive CAD between the groups. Group C
had a greater volume of noncalcified and calcified plaque volume than
Group A. Group B had the highest abdominal adipose tissue area, while
the greatest EAT volume was observed in Group C.

3.3. Primary endpoint

During a mean follow-up period of 3.0 + 0.9 years, the composite
endpoint defined as a of all-cause mortality and MACE was observed in
47 patients (6.9%, 9 in Group A, 16 in Group B, and 22 in Group C). The
incidence rate of the composite endpoint was the highest in Group C,
followed by Group B and Group A (p < 0.001, log-rank test; Fig. 2).
Multivariable Cox proportional hazards models adjusted for age, sex,
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Table 2
Coronary computed tomography angiography findings.
Group A Group B Group C p-value
DM (-) DM (-) DM (+)n =
elevated TyG elevated TyG 171
index (=) n = index (+) n =
281 232
CAC score parameters
CAC score, 18.9 24.7 155.5 <0.001
median (IQR) (0-188.8) (0-192.8) (11.0-392.6)
CAC 0, n (%) 119 (42%) 82 (35%) 35 (20%) <0.001
CAC 1-100, n 75 (27%) 65 (28%) 46 (27%) 0.940
(%)
CAC 101-400, n 49 (17%) 56 (20%) 49 (29%) 0.017
(%)
CAC >400, n (%) 38 (14%) 29 (13%) 41 (24%) 0.003
Stenosis severity on CCTA
Nonobstructive 91 (32%) 78 (34%) 60 (35%) 0.846
CAD, n (%)
Obstructive CAD, 61 (22%) 57 (25%) 48 (28%) 0.287
n (%)
Plaque burden
Coronary plaque 1461 1660 1912 0.001
volume, mm® (1183-1785) (1306-2006) (1332-2391)
Calcified plaque 13 (4-58) 18 (6-74) 30 (4-136) <0.001
volume, mm®
Noncalcified 1400 1578 1817 <0.001
plaque volume, (1134-1712) (1248-1931) (1264-2291)
mm®
Adipose tissue parameters
Abdominal 90 (51) 119 (57) 116 (66) <0.001
visceral adipose
tissue area, cm?
Abdominal 142 (80) 161 (83) 144 (82) 0.019
subcutaneous fat
area, cm?
EAT volume, mL 117 (48) 133 (49) 144 (53) <0.001

Values are presented as mean (standard deviation) or number (%).

CAC, coronary artery calcium; CAD, coronary artery disease; EAT, epicardial
adipose tissue; CCTA, coronary computed tomography angiography; IQR,
interquartile range.
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Fig. 2. Kaplan-Meier analysis for prediction of major adverse cardiovascular
events stratified by the presence of elevated triglyceride glucose index and
diabetes mellitus The Kaplan—Meier curves demonstrate significant differences
among the three groups in the cumulative event rates of MACE. The highest
event rates are observed in Group C, (patients with DM; log-rank test, p <
0.001), followed by Group B (patients without DM with an elevated TyG index;
log-rank test, p = 0.047) and Group A (patients without DM without an
elevated TyG index). MACE, major adverse cardiovascular events; TyG, tri-
glyceride glucose.
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and total plaque volume demonstrated that DM (HR, 2.45; 95% confi-
dence interval [CI], 1.35-4.41; p = 0.003) and an elevated TyG index
(HR, 2.84; 95% CI, 1.46-5.53; p = 0.002) were independent predictors
of the composite endpoint. Similarly, with an adjustment for CAC score
>400 (model 2 in Table 3) or obstructive CAD (model 3 in Table 3), DM
and elevated TyG index remained independent predictors of the com-
posite endpoint. Fig. 2 illustrates the Kaplan-Meier curve analysis
stratified by the presence or absence of DM and an elevated TyG index to
predict the composite endpoint. Group C had the worst prognosis among
the three groups (log-rank test, p < 0.001). The age- and sex-adjusted
HRs for each group are shown in Fig. 3. Group C (HR, 3.74; 95% CI,
1.97-7.08, p < 0.001) and Group B (HR, 1.99; 95% CI, 1.01-3.91; p =
0.045) had an increased risk of the composite endpoint compared with
Group A.

4. Discussion

In this study, which included 684 patients with CCS who underwent
CCTA, the presence of DM and an elevated TyG index were indepen-
dently associated with increased risks of MACE, irrespective of age and
coronary plaque burden. Among the three groups, patients with DM
(Group C) exhibited the highest risk of MACE, followed by those with an
elevated TyG index (Group B) and those without DM and an elevation of
TyG index (Group A). Additionally, patients with an elevated TyG index
had greater plaque and EAT volumes compared with other groups,
indicating that this pre-DM group is a high-risk population for pro-
gression to adverse events. Taken together, our results indicate the
possible contribution of IR to all-cause mortality and MACE, suggesting
the importance of identifying patients with an elevated TyG index to
prevent progression to DM and poorer outcomes.

4.1. IR and cardiovascular risks

IR is reportedly associated with MACE in both healthy individuals
and patients with DM [6-8]. The TyG index is a useful marker of IR,
serving as a marker for ASCVD risk [9]. The cutoff values for the TyG
index to predict the incidence of cardiovascular events and mortality
vary depending on the patient population [23,24]. In a meta-analysis
comprising eight cohort studies, Ding et al. demonstrated that the
highest TyG index category had an increased risk of ASCVD (HR, 1.61; p
< 0.001), where the HR was found to be 1.61 per one unit increase in the
TyG index [23]. In patients without DM with chronic kidney disease,
Quiora et al. demonstrated that the TyG index >8.63, defined on the
basis of the median value of the population, was an independent pre-
dictor of MACE [25]. Wang et al. demonstrated that the optimal cutoff
value for the TyG index to predict MACE in patients with DM presenting
with acute coronary syndrome was 9.323 [26]. Our results indicate that
an elevated TyG index is a useful marker for identifying patients with
pre-DM at high risk of MACE in patients with CCS.

Table 3
Cox hazard proportional analysis to predict major cardiovascular adverse
events.

Predictor Hazard ratio ~ 95% confidence interval  p-
value
Model1 DM 2.45 1.35-4.41 0.003
TyG index >8.8  2.84 1.46-5.53 0.002
Model 2 DM 2.10 1.15-3.83 0.016
TyG index >8.8  2.77 1.42-5.43 0.003
Model 3 DM 2.31 1.18-4.54 0.015
TyG index >8.8  3.34 1.50-7.42 0.003

Models 1 is adjusted for age, sex, and plaque volume.

Model 2 is adjusted for age, sex, and CAC score >400.

Model 3 is adjusted for age, sex, and obstructive CAD.

CAD, coronary artery disease; CAC, coronary artery calcium; TyG, triglyceride
glucose; DM, diabetes mellitus.
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Group A (reference) [
DM (-) elevated TyG index (-)

Group B —_—
DM (-) elevated TyG index (+)
Group C
DM (+)
0 2 4 6 8
Hazard ratio for MACE

Fig. 3. Subgroup analysis of the major adverse cardiovascular event The haz-
ard ratio for the composite endpoint of all-cause mortality and MACE was
calculated in the subgroups stratified by the presence of diabetes mellitus and
an elevated TyG index. Hazard ratios adjusted for age and sex are reported as
point estimates with 95% confidence intervals. MACE, major adverse cardio-
vascular event; TyG, triglyceride glucose.

4.2. TyG index to predict mortality and cardiovascular events

The link between an elevated TyG index and MACE can be explained
by the effects of elevated triglycerides and FPG on cardiovascular out-
comes. In a meta-analysis, Sarwar et al. demonstrated that FPG con-
centration is modestly associated with the risk of vascular diseases in
individuals without DM [3]. Triglycerides are associated with the re-
sidual risk of atherosclerotic cardiovascular disease. Triglycerides
reflect the concentration of circulating atherogenic remnant cholesterol
and atherogenic small, dense low-density lipoproteins as well as IR,
which promote increased fatty acid secretion from the adipose tissue
[27,28]. Pharmacological therapy focusing on lowering triglycerides in
addition to low-density lipoprotein-cholesterol, which can reduce the
risk of ASCVD, is increasingly being recognized [29].

Although we observed that the TyG index was comparable between
Group B and Group C, patients with DM had higher FPG and lower tri-
glyceride levels than those without DM. This indicates a different
metabolically unhealthy status, leading to MACE. In addition to the
independent association of DM and an elevated TyG index with car-
diovascular outcomes, patients with DM exhibited the highest risk of
mortality and cardiovascular events across the groups. This may be
partly explained by the fact that patients with DM had the greatest
plaque burden and CAC scores among the three groups. In a clinical
CCTA study investigating CAC progression, an increased TyG index was
associated with an increased risk of CAC progression and could serve as
a marker for ASCVD risk [10]. Our findings are consistent with these
observations, as an elevated TyG index was associated with an increased
disease burden of coronary atherosclerosis. Considering that patients
with DM have the worst prognosis, a strategy to prevent the progression
of IR to DM is required.

4.3. IR and ectopic fat

In addition to metabolic status, ectopic adiposity has attracted
attention in the pathogenesis of atherosclerosis [5,30]. Despite their
distinct characteristics, obesity and atherosclerotic diseases share a
common pathophysiology, such as inflammation, which is associated
with IR and type 2 DM [31]. The EAT has been hypothesized to have a
paracrine effect on coronary vessels and microcirculation, which ac-
celerates atherogenesis and coronary calcification. Given that patients
with DM and those with an increased TyG index have increased EAT
volume and visceral adipose tissue area, increased ectopic fat and
metabolic disorders may partially explain the worse outcomes in this
population. Our results indicate that elevated TyG levels and increased
plaque burden could help identify patients who are at a high risk and
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require intensive therapy to control dyslipidemia and IR.
4.4. Limitations

This study had several limitations. First, the indication of CCTA
imaging was in line with clinical indication, where we did not include
patients with severe renal insufficiency defined as estimated glomerular
filtration ratio <30 ml/min/1.73 mm? or severe medical illness who
were life expectancy of less than 1 year. Second, we did not have data on
HOMA-IR, which is a common marker of IR. Although the TyG index can
serve as a marker of IR, discordance between the TyG index and HOMA-
IR can exist in terms of the identification of patients with IR. Third, the
antidiabetic drugs used to control hyperglycemia can influence the
measurement of the TyG index in this mixed cohort of patients with and
without DM. However, an association between an elevated TyG index
and poor outcomes was observed in patients without DM with an
elevated TyG index compared with those without an elevated TyG index
(Fig. 3). Our findings indicate that IR, as assessed by TyG index, can help
identifying high-risk patients with CCS. Further studies are required to
investigate the effects of pharmacological intervention strategies on
improving the metabolic status.

5. Conclusions

Patients with DM or an elevated TyG index had a significantly higher
risk of incident MACE than those without DM or an elevated TyG index.
The present study indicates the usefulness of the TyG index in identi-
fying patients with pre-DM who are at a high risk of progression to
MACE, irrespective of coronary plaque volume. Further studies are
required to investigate the modification of metabolic status related to IR
on clinical outcomes in patients with CCS.
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