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ABSTRACT 
Objectives: This study aimed to evaluate the association of the triglyceride-glucose (TyG) index and the athero-
genic index of plasma (AIP) with moderate-to-severe coronary artery calcium score (CACS), with a particular 
focus on gender differences. Given the gender-specific variations in the development of coronary artery calci-
fication, tailored diagnostic approaches are required. 
Methods: In this retrospective, single-center study, 246 consecutive patients aged 25-77 years who underwent 
128-slice coronary computed tomography angiography (CCTA) for coronary artery disease screening between 
June 2024 and January 2025 were analyzed. Patients were categorized into three groups according to their 
CACS: Group 1 (CACS=0), Group 2 (CACS=1-99), and Group 3 (CACS≥100). Demographic characteristics 
and medical histories were recorded. Biochemical parameters, lipid panel, and hemogram values were analyzed 
from venous blood samples collected after 12 hours of fasting. Multivariate logistic regression analyses were 
performed to identify independent predictors of moderate-to-severe CACS in both genders. 
Results: In women, advanced age (odds ratio [OR]=1.126; 95% confidence interval [CI]: 1.031–1.136; 
P<0.001), elevated triglyceride levels (OR=0.964; 95%CI:0.937–0.992; P=0.011), and a higher TyG index 
(OR=35.317;95%CI:6.328–187.356; P=0.002) were independently associated with moderate-to-severe CACS. 
In men, advanced age (OR=1.083; 95% CI:1.007–1.165; P=0.032), severe coronary artery stenosis 
(OR=12.298; 95% CI: 1.451–104.208; P=0.021), and smoking (OR=8.771; 95%CI: 1.810-42.501; P=0.007) 
were independent predictors. AIP was not identified as an independent predictor of moderate-to-severe CACS 
in either gender. 
Conclusions: Advanced age was independently associated with CACS in both genders. The TyG index was a 
significant predictor of moderate-to-severe CACS in women, while traditional risk factors, such as smoking 
and severe coronary artery stenosis, were more relevant in men. AIP was not an independent predictor of mod-
erate-to-severe CACS in either gender. 
Keywords: Coronary artery calcium score, gender differences, atherosclerosis, atherogenic index of plasma, 
triglyceride-glucose index 
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C oronary artery calcium scoring (CACS), as-
sessed by coronary computed tomography an-
giography (CCTA), is a well-established, 

noninvasive marker of coronary atherosclerosis and 
an independent predictor of major adverse cardiovas-
cular events (MACE) [1, 2]. Several metabolic and in-
flammatory conditions, including hyperlipidemia, 
diabetes mellitus (DM), and systemic inflammation, 
contribute to the progression of coronary artery calci-
fication (CAC) [3]. Notably, gender differences influ-
ence both the prevalence and characteristics of CAC; 
men tend to develop calcified plaques at younger ages, 
whereas non-calcified or mixed plaques are more 
common in premenopausal women. After menopause, 
the prevalence of CAC in women increases signifi-
cantly [4-6].  
      Considering the gender-specific differences in the 
development of CAC, it is essential to incorporate 
these variations when designing effective diagnostic 
methods for CAD [7]. In recent years, two metabolic 
markers - the triglyceride-glucose (TyG) index and the 
atherogenic index of plasma (AIP) - have emerged as 
potential predictors of subclinical atherosclerosis. The 
TyG index is a validated surrogate for insulin resist-
ance, while AIP reflects atherogenic lipid imbalance 
[8]. Both have been associated with coronary artery 
disease (CAD) and CAC independent of traditional 
risk factors, including DM [9, 10]. However, few stud-
ies have evaluated whether the predictive performance 
of these indices differs by gender, despite the known 
sex-specific pathophysiology of atherosclerosis.  
      Understanding the gender-specific predictive 
value of TyG and AIP may help refine cardiovascular 
risk stratification, especially in women, who often re-
ceive less aggressive diagnostic and preventive care. 
Therefore, this study aimed to investigate the associ-
ation of the TyG index and AIP with moderate-to-se-
vere CACS, with particular emphasis on sex-related 
differences in predictive value. 
 
 
METHODS 
 
Study Design  
The research was carried out on 246 consecutive pa-
tients in the age range of 25-77 years admitted to the 
cardiology outpatient clinic of Siirt Training and Re-
search Hospital and underwent 128-slice CCTA for 

CAD screening between June 2024 and January 2025, 
retrospectively. Patients with severe renal failure, liver 
failure, thyroid dysfunction, structural heart disease, 
infection, autoimmune disease, malignancy, patients 
for whom effective CCTA cannot be performed due to 
arrhythmia, pregnant women and breastfeeding 
women, patients with previously known CAD and 
those who have undergone interventional cardiovas-
cular procedures, patients using fenofibrate due to hy-
pertriglyceridemia and patients taking statins were not 
included in the study. Patients with a CACS of 0 were 
defined as the control group (Group 1). Patients with 
a CACS between 1 and 99 were defined mild CACS 
group as Group 2, and patients with a CACS≥100 
were defined moderate to severe CACS group as 
Group 3. 
      The research adhered to the norms of the Decla-
ration of Helsinki and was granted approval by Siirt 
University Noninterventional Clinical Research Ethi-
cal Committee (Date: 28.11.2024, Decision No: 
2024/12/01/04).  
 
Demographic Findings, Laboratory Analyzes, the 
CCTA and CACS Analysis  
      The patients' age, gender, systolic and diastolic 
tension (TA) measurements, body mass index (BMI), 
previous medical history (HT, DM, HL history), car-
diac family history and smoking habits were recorded. 
Biochemical parameters such as fasting blood sugar 
(FBG), uric acid, C-reactive protein (CRP), and he-
moglobin A1c (HbA1c) values were measured in ve-
nous blood samples taken after 12 hours of fasting. For 
lipid parameters, total cholesterol, triglyceride, LDL, 
and high-density lipoprotein (HDL) values were ob-
tained using the Beckman Coulter device and kits. 
Then, the TyG index was calculated using the natural 
logarithm (ln) formula (fasting triglyceride × fasting 
glucose/2). Atherogenic index of plasma (AIP) was 
obtained by taking the logarithm of the ratio of serum 
triglyceride level to high-density lipoprotein level. 
LDL/HDL, total cholesterol/HDL parameters were 
calculated. Additionally, neutrophil, lymphocyte, and 
monocyte were assessed using the Mindray device and 
kits. Neutrophile/lymphocyte ratio (NLR) and mono-
cyte-HDL ratio values were calculated.  
      5 mg intravenous metoprolol was administered 
within 2 to 30 minutes before the procedure to patients 
who had a heart rate of 65/min before the procedure 
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and had no contraindication to beta blocker treatment. 
CACS was measured with a 128-slice General Electric 
CT scanner device using the prospective electrocar-
diogram (ECG) gating method with non-contrast 120 
KV, 300 mAs values, 3 mm slice thickness, without 
any overlap or gap. CAC data collection was per-
formed prospectively synchronized with the patient's 
ECG by gating in high pitch mode by operating it in 
the craniocaudal direction during breath holding in 
mid-inspiration. Calcification was defined as >130 
Hounsfield (HU) units or areas with at least 1 mm of 
hyperattenuation in less than three consecutive pixels. 
The Agatstone method was used to calculate the 
CACS by calculating the weighted sum of the areas 
>130 HU.  
 
Statistical Analysis  
      The distribution of normality for all variables was 
assessed using the Kolmogorov-Smirnov test. Vari-
ables with a normal distribution are presented as 
mean±standard deviation, and comparisons between 
groups were conducted using one-way analysis of 
variance (ANOVA). Categorical variables are ex-
pressed as percentages, and the Pearson chi-square test 
was employed for group comparisons. To identify the 
specific groups responsible for significant differences 

in continuous variables, post hoc Tukey-b testing was 
applied. For categorical variables with significant dif-
ferences, Bonferroni-corrected z-tests were performed. 
Gender-specific univariate and multivariate logistic re-
gression analyses were conducted to determine inde-
pendent predictors of moderate-to-severe CACS in 
both men and women. A P-value < 0.05 was consid-
ered statistically significant. All statistical analyses 
were carried out using SPSS version 26.0 (IBM Corp., 
Armonk, NY, USA). 
 
 
RESULTS 
 
A total of 246 patients were included in the study: 81 pa-
tients in Group 1 (CACS 0), 98 patients in Group 2 
(CACS between 0 and 99), and 67 patients in Group 3 
(CACS ≥100). 134 (54.5%) of the participants in the 
study were women, and 112 (45.5%) were men. The av-
erage age for women was 58.52±9.17 years, while for 
men it was 52.14±11.43 years. DM was present in 71 pa-
tients, comprising 46 (64.8%) women and 25 (35.2%) 
men. Age (P<0.001), BMI (P<0.001), systolic TA 
(P<0.001), diastolic TA (P=0.003), coronary critical 
stenosis rate (P<0.001), DM (P<0.001) and smoking 
(P<0.001) rates were significantly higher in Group 3 than 
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in Groups 1 and 2. The findings are shown in Table 1.  
      No significant difference was observed between 
Groups 1, 2, and 3 for the parameters t cholesterol and 
uric acid (P>0.05). HDL was significantly lower in 
Group 3 than in Group 1 (P=0.026). CRP (P=0.006), 
HbA1c (P<0.001), and NLR (P=0.003) were signifi-

cantly higher in Group 3 than in Group 1. Triglyceride 
(P<0.001), TyG index (P<0.001), AIP (P<0.001), and 
FBG (P<0.001) values were significantly higher in 
Group 3 than in Groups 1 and 2. The findings are 
shown in Table 2.  
      As a result of univariate and multivariate logistic 
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regression analyses, age (OR=1.104; 95% C.l. 1.053-
1.158, P<0.001), TyG index (OR=37.507; 95% C.l. 
7.227-194.653, P<0.001) and smoking (OR=3.318; 
95% C.l. 1.466-7.507, P<0.001) were found to be in-
dependently associated parameters with the presence 
of moderate-to-severe CACS in the all patient group. 
The AIP was not found to be an independently associ-
ated parameter with moderate-to-severe CACS 
(P>0.05). The findings are shown in Table 3.  
      In gender-specific univariate and multivariate lo-
gistic regression analyses, age (OR=1.126; 95% C.l. 
1.031-1.136, P<0.001), triglyceride (OR=0.964; 95% 
C.l. 0.937-0.992, P=0.011) and TyG index 
(OR=35.317; 95% C.l. 6.328-187.356, P=0.002) were 
found to be independent predictors of moderate-to-se-

vere CACS in women, and age (OR=1.083; 95% C.l. 
1.007-1.165, P=0.032), critical coronary artery steno-
sis (OR=12.298; 95% C.l. 1.451-104.208, P=0.021) 
and smoking (OR=8.771; 95% C.l. 1.810-42.501, 
P=0.007) were found to be independent predictors of 
moderate-to-severe CACS in men. The AIP was not 
found to be a parameter independently associated with 
moderate-to-severe CACS in either women or men 
(P=0.27, P=0.596, respectively). The findings are 
shown in Tables 4 and 5.  
 
 
DISCUSSION 
 
The findings of this study highlight the gender-specific 
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determinants of moderate-to-severe CACS, underscor-
ing the distinct metabolic and clinical pathways con-
tributing to coronary atherosclerosis in men and 
women. Our results indicate that older age, higher 
triglyceride levels, and an elevated TyG index are in-
dependent predictors of moderate-to-severe CACS in 
women, whereas in men, older age, severe coronary 
artery stenosis, and smoking are significant predictors. 
Notably, AIP was not identified as an independent pre-
dictor of moderate-to-severe CACS in either sex, sug-
gesting that other metabolic or inflammatory markers 
may play a more pivotal role in vascular calcification 
progression. These findings emphasize the importance 
of incorporating gender-specific indicators into tradi-
tional cardiovascular risk assessment algorithms to en-
hance the prediction of subclinical atherosclerosis.  
      In our study, advanced age was independently as-
sociated with moderate-to-severe CACS in both men 
and women. This finding aligns with the Multi-Ethnic 
Study of Atherosclerosis (MESA), which analyzed 
data from 6,814 participants aged 45 to 84, free of 
clinical cardiovascular disease at baseline. The study 
observed that both the prevalence and extent of CAC 
increased steadily with advancing age across all racial 
and ethnic groups [11]. Specifically, the incidence of 
newly detectable CAC averaged 6.6% per year, with 
rates of less than 5% per year in individuals under 50, 
but rising to over 12% in those over 80 [12].  
      Our study found that severe coronary artery steno-
sis in men was independently associated with moder-
ate-to-severe CACS. However, this association was 
not observed in women. This discrepancy may be due 
to differences in arterial remodeling between sexes 
[13]. A study by Sangiorgi et al. suggests that arterial 
calcification correlates more with overall plaque bur-
den rather than lumen narrowing, indicating that sig-
nificant calcification can occur without causing 
substantial stenosis [14]. This phenomenon, known as 
positive or outward remodeling, allows the artery to 
maintain luminal diameter despite progressive ather-
osclerotic plaque accumulation. This compensatory 
mechanism involves degradation of the extracellular 
matrix, activation of matrix metalloproteinases 
(MMPs), and smooth muscle cell migration, processes 
that are modulated by hormonal influences such as es-
trogen. Estrogen has been shown to promote vasodi-
lation, inhibit vascular inflammation, and enhance 

endothelial function, all of which may contribute to 
more pronounced remodeling in women [15]. As a re-
sult, significant plaque burden may develop with less 
calcification and without causing luminal narrowing 
detectable by imaging. This may explain the lack of 
association between severe coronary stenosis and 
CAC in our female cohort, despite their metabolic risk 
profile.  
      While previous studies have identified an inde-
pendent association between smoking and moderate-
to-severe CACS in women [16, 17], our study found 
this relationship to be significant in men. Supporting 
our findings, Lessmann et al. [18] reported higher 
CAC density and prevalence among male heavy 
smokers compared to female counterparts, noting that 
CAC levels in women were comparable to those in 
men a decade younger. However, it's important to con-
sider that this study focused on older heavy smokers 
undergoing lung cancer screening, which may influ-
ence the generalizability of the results.  
      In our study, AIP was not independently associated 
with moderate-to-severe CACS. This finding may be 
explained by the fact that AIP, calculated as the loga-
rithmic ratio of triglycerides to HDL-C, is highly sen-
sitive to short-term metabolic variations such as recent 
dietary intake, acute insulin resistance, inflammation, 
or pharmacologic interventions. In contrast, CAC de-
velops gradually over the years and reflects a chronic 
atherosclerotic burden. This temporal mismatch may 
limit the utility of AIP in predicting long-term subclin-
ical atherosclerosis as detected by CACS. Similar ob-
servations have been reported in previous studies, 
suggesting that AIP may better predict early athero-
genic risk or plaque progression in individuals with 
low baseline CAC, but its predictive power diminishes 
in more advanced calcific stages. Notably, previous 
research has shown that AIP may better predict early 
atherogenic risk or CAC progression in individuals 
with low baseline CACS but not in those with moder-
ate-to-severe scores [19]. Therefore, assessing AIP 
may be more beneficial in the long-term follow-up of 
patients with initially low CACS.  
      In our study, the TyG index emerged as an inde-
pendent predictor of moderate-to-severe CACS in 
women, underscoring its potential as a valuable 
marker for assessing cardiovascular risk in this popu-
lation. This finding is consistent with existing litera-
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ture, which highlights the association between the TyG 
index and subclinical atherosclerosis. For instance, 
one study demonstrated that an elevated TyG index is 
associated with an increased risk of both arterial stiff-
ness and CAC, suggesting its utility in predicting sub-
clinical atherosclerosis [20]. Furthermore, research has 
shown that the TyG index predicts CAC more effec-
tively than other markers of insulin resistance, rein-
forcing its relevance in cardiovascular risk assessment 
[21]. Specifically regarding gender, previous studies 
have emphasized the independent association between 
the TyG index and both subclinical atherosclerosis and 
obstructive CAD, particularly in non-diabetic women 
[22, 23]. In our study, we found an independent asso-
ciation between the TyG index and moderate-to-severe 
CACS in women, regardless of diabetes status. Simi-
larly, another study reported that the TyG index is as-
sociated with carotid atherosclerosis and arterial 
stiffness, particularly in lean postmenopausal women 
[24]. These findings suggest the potential of the TyG 
index as a universal marker for cardiovascular risk as-
sessment across different populations.  
 
Limitations  
      This single-center, retrospective study limits 
causal interpretation and reduces the external validity 
of the findings, particularly when applied to more di-
verse populations or healthcare settings. 
 
 
CONCLUSION 
 
In women, moderate-to-severe CACS was independ-
ently linked to advanced age, higher triglyceride lev-
els, and an increased TyG index. In contrast, in men, 
advanced age, severe coronary artery stenosis, and 
smoking were found to be key predictors. AIP was not 
independently associated with moderate-to-severe 
CACS in either gender. Further multicenter, prospec-
tive studies are required to examine the influence of 
the TyG index on subclinical atherosclerosis, espe-
cially in women, with attention to gender-related fac-
tors. 
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