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Background: Coronary artery disease (CAD) is the leading cause of death worldwide. However, the cor-
relation between the atherogenic index of plasma (AIP), triglyceride-glucose index (TyG), and y-glu-
tamyl transpeptidase (yGT) with subclinical CAD across different age groups in the Taiwanese popula-
tion remains unclear.

Methods: This cross-sectional study enrolled 901 participants aged 50-75 years. Medical history taking,
physical examination, blood tests, and coronary computed tomography angiography (CCTA) were per-
formed during health checkups. AIP, TyG, and yGT levels were determined. The participants were di-
vided into two groups based on CCTA: those without subclinical CAD and those with subclinical CAD.
Results: Multiple logistic regression analysis suggested that yGT and TyG levels were independently as-
sociated with subclinical CAD. Furthermore, yGT was observed to be the only factor independently as-
sociated with subclinical CAD in older participants (OR: 1.617, 95% Cl: 1.079-2.424, p = 0.020). In com-
parison, TyG was the only independent factor associated with subclinical CAD in middle-aged partici-
pants (OR: 1.323, 95% Cl: 1.021-1.714, p = 0.034).

Conclusions: The study results show that AIP, TyG, and yGT can be regular monitoring indices for assess-
ing the risk of subclinical CAD. Additionally, yGT may be more suitable for older persons, while TyG may
be more suitable for middle-aged persons.

Copyright © 2025, Taiwan Society of Geriatric Emergency & Critical Care Medicine.

1. Introduction

Coronary artery disease (CAD) is a leading cause of death glo-
bally, responsible for approximately 17.8 million deaths annually
worldwide."? CAD is a pathological condition characterized by athe-
rosclerotic plague accumulation in the epicardial arteries, resulting
in coronary artery stenosis. As atherosclerotic plaques progress,
smooth muscle cell death occurs, forming coronary artery calcium
(CAC). The presence and extent of CAC serve as important indicators
of the severity of coronary atherosclerosis and can predict the pre-
sence of subclinical CAD. To effectively communicate the findings
from non-contrast CT scans that assess CAC, the Coronary Artery Cal-
cium Data and Reporting System was developed.

Risk factors for CAD include age, sex, cigarette smoking, high
blood pressure, diabetes mellitus (DM), lipid levels, and obesity.
Dyslipidemia is a critical factor associated with coronary artery ste-
nosis and plays a role in CAD.? Previous studies have indicated that
high-density lipoprotein cholesterol (HDL-C), total cholesterol (TC),
low-density lipoprotein cholesterol (LDL-C), and triglyceride (TG)
levels are predictors of cAD.*7 Comprehensive lipid indexes, in-
cluding atherogenic index of plasma (AIP) and triglyceride-glucose
* Corresponding author. Department of Medicine, MacKay Medical College, New Taipei
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index (TyG), have also been reported as predictors of caD.2? Obesity
has rapidly become more prevalent in developed and developing
countries over time.'%'* Abdominal visceral adipose tissue esti-
mated by multidetector computed tomography is strongly associ-
ated with CAC score (CACS).12 Moreover, liver fat accumulation is
more important than general and abdominal fat and can be indi-
cated by y-glutamyl transpeptidase (yGT) levels.*3 YGT level is strongly
associated with CAD owing to an imbalance between oxidant and
antioxidant systems.14

AIP, TyG, and yGT are strong predictors of CAD. However, to our
knowledge, few studies have compared the predictive ability of
these markers for CAD. Additionally, it is unclear whether previous
conclusions can be generalized to all age groups. Therefore, we ex-
plored the correlation between AIP, TyG, and yGT with subclinical
CAD by age distribution in Taiwanese adults.

2. Materials and methods
2.1. Study population

This study examined 956 asymptomatic people aged 50-75 who
underwent coronary computed tomography angiography (CCTA)

during annual health checkups at a health examination center in
Northern Taiwan. They were enrolled between January 1, 2008, and
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December 31, 2017. CCTA was used to diagnose subclinical CAD.
Data were obtained from medical histories, physical examinations,
fasting blood tests, and CCTA. After excluding incomplete data on
traditional lipid profiles, body fat (BF), waist circumference (WC),
buttock circumference (BC), body mass index (BMlI), yGT, as well as
those who had angina or myocardial infarction, history of percu-
taneous coronary intervention or other heart surgery, the final sam-
ple consisted of 901 individuals. The study protocol was approved by
the Institutional Review Board of Mackay Memorial Hospital (refer-
ence number 18MMHIS137) and was conducted by the Declaration
of Helsinki. Informed consent was obtained from all patients.

2.2. Study design and variables

This cross-sectional study collected basic information regard-
ing age, sex, blood pressure, routine blood tests, medical history of
DM, and personal history of alcohol consumption and cigarette
smoking. Indicators of visceral adipose tissue included BF, WC, BC,
BMI, and yGT. Plasma lipid profiles (HDL-C, LDL-C, and TG) were
also obtained.

AIP was calculated as:"
log 10 (TG [mmol/L] / HDL — C [mmol/L])
TyG was calculated as:*®
In (fasting TG [mg/dL] x fasting glucose [mg/dL] / 2

AIP, TyG, and YGT were processed with Z-transform to Z-scores of
zAIP, zTyG, and zyGT, respectively.

2.3. Diagnostic criteria

CAD was defined according to the 1979 WHO diagnostic crite-
ria.'” CCTA was performed, and the images were analyzed by an ex-
perienced radiologist blinded to the study. The primary study out-
come was subclinical CAD development, defined as a CACS > 100
Agatston Units and/or > 50% coronary luminal stenosis.

DM was defined as meeting at least one of the following crite-
ria: (1) fasting plasma glucose levels > 126 mg/dL, (2) glycated hemo-
globin (HbA1C) > 6.5%, or (3) current use of antidiabetic medica-
tions. Alcohol consumption was defined as men and women who
drank more than 14 or seven standard drinks per week, respectively.
Cigarette smoking was defined as current cigarette smoking.

Metabolic syndrome was defined as having three or more of the
following five risk factors: (1) elevated fasting plasma glucose: 100
mg/dl or use of antidiabetic medicines; (2) elevated blood pressure:
130/85 mmHg or use of antihypertensive medicines; (3) elevated
triglyceride levels: 150 mg/dl; (4) reduced high-density lipoprotein
cholesterol levels: < 50 mg/dl; and (5) central obesity: waist circum-
ference 80 cm.??

2.4. Statistical analysis

Participants were divided into two groups based on their CACS:
the control group consisted of individuals without subclinical CAD,
while the case group included those with subclinical CAD. Continu-
ous variables were expressed as mean =+ standard deviation, and
categorical variables were presented as counts and percentages.
Student’s t-test analysis was used for continuous variables, and the
chi-square test was used for categorical variables to compare the
case and control groups’ characteristics. The AIP, TyG, and yGT levels
in the case group and control group stratified by age group were pre-
sented using boxplots. Binary logistic regression model one was es-
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tablished by adjusting for age and sex to determine the independent
risk factors of subclinical CAD. Model two was established by ad-
justing for age, sex, systolic blood pressure (SBP), LDL-C, DM, BMI,
cigarette smoking, and alcohol consumption, and model three was
established by model two with forward selection. Subgroup analy-
ses, based on the age cutoff of 65 years old, were also conducted
for further assessment. We set the subgroup analysis cutoff at 65
years because this age was generally considered the transition
from middle to old age. Hypertension and DM, both significant car-
diovascular risk factors, become more prevalent at this age.zo'21
AIP, TyG, and yGT underwent Z transformation, a statistical method
to transform raw data into a standard normal distribution, resulting
in zAIP, zTyG, and zyGT, respectively. These transformed variables
were then applied in Models one, two, and three. All statistical
analyses were performed using SAS version 9.4 (SAS Institute Inc.,
Cary, North, USA). The odds ratios (ORs) and 95% confidence inter-
vals (ClIs) were presented, and p values < 0.05 were considered sta-
tistically significant.

3. Results

This cross-sectional, observational study enrolled 901 partici-
pants who underwent health checkups. Based on CACS, participants
were divided into the control group (n = 766) and the case group (n =
135). Additionally, 195 individuals were aged 65 years and older (146
controls and 49 cases), and 706 individuals were aged less than 65
years old (620 controls and 86 cases).

3.1. Baseline clinical and biochemical characteristics

Table 1 shows the study participants’ baseline clinical character-
istics and laboratory data. The participants’ ages ranged from 50 to
75 years. The means of AIP, TyG, and yGT values were significantly
higher in the case group than in the control group. Elevated WC,
plasma lipid (TG), and decreased HDL-C were also noted. Cigarette
smoking, which is a traditional cardiovascular risk factor, also showed
significant differences between the two groups. However, this signi-
ficance was not observed for BF, BC, BMI, or LDL-C levels.

Boxplots in Figure 1 show the distribution of each biomarker in
each group, and the p-values for mean comparisons are displayed
below each age group. Significant differences in AIP were observed
between the control group and the case group in the < 65-year-old
and total groups; TyG showed significant differences in the < 65-
year-old and total groups. AIP and TyG showed no significant dif-
ferences in the > 65-year-old group. YGT levels were significantly
different in all groups.

3.2. Multivariate-adjusted odds ratios of subclinical CAD
for AIP, TyG, and yGT

The correlation between AIP, TyG, and yGT and subclinical CAD
was investigated using multiple logistic regression to avoid interfer-
ence from confounding factors, as shown in Table 2. In model 1, after
adjusting for age and sex, multiple logistic regression analysis identi-
fied zTyG, zAIP, and zyGT as having a significant association with
subclinical CAD. In model 2, logistic regression analysis was per-
formed after adjusting for age, sex, SBP, LDL-C, DM, BM, alcohol con-
sumption, and cigarette smoking. The results suggested that only
zyGT remained independently associated with subclinical CAD. In
model 3, a forward stepwise based on model 2 was set up to assess
the risk factors for subclinical CAD. The model showed that only zyGT
was significantly associated with subclinical CAD.
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Table 1
Baseline demographic and clinical characteristics of the study population.
Variables Control group (n = 766, 85.02%) Case group (n =135, 14.98%) p value
Basic characteristics
Age (years) 59.5+6.0 62.4+6.4 <0.001°
Sex <0.001°
Male 438 (57.18) 104 (77.04)
Female 328 (42.82) 31(22.96)
SBP (mmHg) 127.7+17.4 130.3+17.3 0.111°
DBP (mmHg) 78.4+10.2 78.1+10.8 0.744°
ALT (1U/L) 28.3+16.5 35.5+59.7 0.005°
Cr (mg/dL) 0.91+0.31 0.98+0.29 0.018°
DM 55 (7.18) 32 (23.70) <0.001°
MetS 282 (36.81) 68 (50.37) 0.003°
Smoking 159 (20.76) 50 (37.04) <0.001°
Alcohol 186 (24.54) 38(29.01) 0.277°
Indicators related to visceral adipose
BF (%) 27.6+6.6 27.4+6.8 0.734°
WC (cm) 86.0+9.5 88.8+9.4 0.001°
BC (cm) 95.1+6.4 95.5+6.4 0.481°
BMI (kg/m?) 24.7+3.4 25.2+3.6 0.004°
YGT (U/L) 24.8+18.3 34.2+41.6 <0.001°
Markers of plasma lipid profile
TG (mg/dL) 133.3+71.5 151.4+£92.0 0.010°
LDL-C (mg/dL) 133.8+1.2 133.5+3.4 0.919°
HDL-C (mg/dL) 53.3+15.5 50.0+15.4 0.023°
TyG 9.4+0.6 9.6 £0.6 <0.001°
AIP 0.002 +0.30 0.080+0.31 0.006°

Data are presented as the number (%) of patients and the mean + standard deviation.

® The Student’s t-test calculated the p-value. ® The chi-square test calculated the p-value.

Abbreviations: control group, without significant stenosis; case group, significant stenosis; SBP, systolic blood pressure; DBP, diastolic blood pressure; ALT,
alanine aminotransferase; Cr, creatinine; DM, diabetes mellitus; MetS, metabolic syndrome; BF, body fat; WC, waist circumference; BC, buttock
circumference; BMI, body mass index; YGT, gamma-glutamyl transpeptidase; TG, triglyceride; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density
lipoprotein cholesterol; TyG, triglyceride-glucose; AIP, atherogenic index of plasma.

3.3. Analysis of the differences between the two
subgroups based on age

Among participants aged > 65, only zyGT had a significant asso-
ciation with subclinical CAD. However, among participants aged < 65
years, we observed a significant correlation between zTyG and
subclinical CAD.

4. Discussion

In this cross-sectional study, we observed a significant association
between AIP, TyG, and yGT and the risk of subclinical CAD after adjust-
ing for age and sex in a Taiwanese adult population. Furthermore, this
study’s subgroup analysis demonstrated significantly greater yGT val-
ues, an indicator related to visceral adiposity, among older people (>
65 years old) in the case group. For middle-aged people (50-64 years
old), only TyG, a novel predictive marker for CAD, had a stronger asso-
ciation with subclinical CAD after forward selection.

Previous studies have revealed that AIP values reflect the lipo-
protein particle size, which may explain its high predictive value for
cardiovascular disease.?? In a previous cross-sectional study, AIP was
independently and positively related to the presence and severity of
CAD in older individuals and was superior to traditional and other
non-traditional lipid indices.? However, in this study, the relation-
ship between AIP and subclinical CAD in older individuals was insig-
nificant. Several factors may account for this discrepancy. Many fac-
tors are related to AIP levels, including serum uric acid and C-reactive
protein (CRP) levels, regions, populations, and pharmacological in-
terventions (such as hormone replacement therapy and vitamin D
supplementation).24

TyG, a marker calculated from TG and fasting plasma glucose
levels, has demonstrated high sensitivity and specificity for detecting
insulin resistance, and can be used as a predictor of CAD and adverse
cardiovascular events.”> %" In a retrospective study with 680 pati-
ents, Si et al. concluded that an increased TyG index is an independ-
ent risk factor for CAD with type 2 DM. Furthermore, its risk is higher
in middle-aged than in older subgroups. This is similar to the results
of our subgroup analysis.28 We found a significant association be-
tween TyG and subclinical CAD in middle-aged individuals and an in-
significant relationship in older people.

In addition to being an indicator of liver diseases, YGT is also
significantly associated with higher visceral fat and can be helpful
as a sensitive and early biomarker of visceral adiposity.29 Visceral
adipose tissues also play an essential role in cardiometabolic risk.3°
Elevated yGT levels can cause an imbalance between the oxidant
and antioxidant systems, making it strongly associated with CAD.Y

We found that yGT is significantly associated with subclinical
CAD in adults in Taiwan. In a 24-year prospective follow-up study of
6997 middle-aged people (aged 40-59 years) with no history of CAD
or DM in 24 British towns, elevated yGT was found to be independ-
ent of the established CAD risk factors.3! Moreover, our subgroup
analysis showed an even stronger association in older individuals.
Many factors may explain the association between yGT and CAD in
different age groups. The level of YGT may reflect oxidative stress
and nonalcoholic fatty liver disease.3? Therefore, lifestyle and under-
lying diseases that lead to varying degrees of association between
YGT and CAD in different age groups should also be considered.?

Notably, the LDL-C level in the case group was not elevated in
this study. The LDL-C level has been considered a significant risk fac-
tor for CAD. However, several studies have shown that LDL-C concen-
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Figure 1. Comparison of AIP, yGT, and TyG levels between case and control
groups stratified by age group. AIP, atherogenic index of plasma; yGT, y-
glutamyltransferase; TyG, triglyceride-glucose index. * p value < 0.05.
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tration is not always high in patients with acute coronary syndrome.33

LDL-C is a heterogeneous mixture of particles with different densi-
ties and sizes, and sdLDL-C is more atherogenic. As a result, LDL-C
alone may not correctly reflect the risk of CAD; therefore, we can uti-
lize other noninvasive indicators as a reference to assess CAD.

This study had several limitations. First, a selection bias might ex-
ist, and the results might not be generalizable to other populations.
Our participants voluntarily underwent health checkups and might
have been more aware of their health. Additionally, most of them
lived in the capital city of Taiwan, where they had good access to
healthcare. Second, this study’s sample size was small, and the num-
ber of participants in the subgroups based on age (65 years) was not
similar between the two groups. Third, there are many risk factors for
CAD, and itis not easy to consider them all using a single model. More-
over, participants’ information was collected during health checkups,
which did not include records of their current medications, including
antihyperlipidemic agents. In future studies, researchers should ex-
plore the effects of antihyperlipidemic therapy on serum lipid markers,
particularly AIP, TyG, and gGT, and their relationship with CAD.

Despite these limitations, this pilot study aimed to compare the
correlation between AIP, TyG, and yGT and the risk of subclinical CAD
in different age groups (50—65 and 6575 years old). Moreover, CCTA
data from people who underwent health checkups are valuable be-
cause itis uncommon for healthy individuals to undergo CCTA. These
findings suggest that AIP, TyG, and yGT could serve as effective scre-
ening instruments to identify asymptomatic CAD cases and aid early
prevention of complications.

This study’s findings show that AIP, TyG, and yGT can be used as
regular monitoring indices for the risk of subclinical CAD. These non-
invasive clinical markers can detect subclinical CAD early. Further-
more, the study results highlight the age-specific relevance of yGT
and TyG as biomarkers for assessing the risk of subclinical CAD. Spe-
cifically, YGT appears more suitable for older individuals, whereas
TyG may be more appropriate for middle-aged individuals.
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