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A Clinical Retrospective Study on the Combined Use of
Monocyte-to-Lymphocyte Ratio and Triglyceride-Glucose
Index to Predict the Severity of Coronary
Artery Disease
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Abstract

Background: Coronary artery disease (CAD) remains a leading cause
of morbidity and mortality. Traditional risk models based on factors
like age, hypertension, and lipid levels are limited in individualized
prediction, especially for high-risk populations. This study evaluates
the independent and combined predictive value of the monocyte-to-
lymphocyte ratio (MLR) and triglyceride-glucose (TyG) index for as-
sessing CAD severity.

Methods: In this single-center, retrospective study, 678 patients who
underwent coronary angiography (CAG) between January 2022 and
June 2024 were included. Eligible patients were aged > 40 years
with suspected or confirmed CAD. Clinical data and laboratory val-
ues were extracted from electronic records. MLR was calculated as
the monocyte-to-lymphocyte ratio, and TyG index was derived from
fasting triglycerides and glucose. CAD severity was categorized by
SYNTAX scores into no CAD, mild, moderate, and severe CAD. Sta-
tistical analyses included Spearman correlation, multivariate logistic
regression, and receiver operating characteristic (ROC) curve analy-
sis to assess the diagnostic accuracy of MLR and TyG index.

Results: Of the 678 patients, 67.1% had CAD. Both MLR and TyG
index were significantly associated with CAD severity, with MLR
showing a stronger correlation with SYNTAX scores. Multivariate
analysis confirmed MLR (odds ratio (OR) =2.15) and TyG index (OR
= 1.75) as independent predictors of CAD. The combined MLR-TyG
model achieved an area under the curve (AUC) of 0.804, surpassing
the predictive value of each marker alone. Subgroup analysis indi-
cated high predictive accuracy in diabetic and hypertensive patients.
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Conclusions: MLR and TyG index independently and jointly predict
CAD severity, with the combined model enhancing diagnostic accu-
racy. Reflecting both inflammatory and metabolic dysfunction, this
dual-marker approach offers a practical tool for CAD risk stratifica-
tion, particularly in high-risk populations. Further multicenter studies
are needed to validate these findings and examine additional biomark-
er combinations to refine CAD risk models.
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Introduction

Coronary artery disease (CAD) is a leading cause of death and
disability worldwide [1, 2]. The primary mechanism is athero-
sclerosis, a chronic inflammatory process driven by lipid ac-
cumulation, endothelial dysfunction, and immune responses,
which narrows coronary arteries and increases the risk of myo-
cardial infarction and sudden death [3, 4]. Early detection and
accurate risk assessment are essential to reducing CAD-related
complications [5].

Traditional CAD risk models, including the Framingham
risk score and SCORE, rely on factors like age, gender, smok-
ing, hypertension, and lipid levels [6, 7]. While valuable for
population-level assessment, these models often fall short in
personalized prediction, especially among high-risk individu-
als, such as those with diabetes or metabolic syndrome [8].
This limitation has spurred interest in novel biomarkers that
can improve early identification and precise risk stratifica-
tion. Recently, the monocyte-to-lymphocyte ratio (MLR) and
triglyceride-glucose (TyG) index have shown promise in pre-
dicting CAD and its severity [9, 10].

MLR reflects the balance between pro-inflammatory mono-
cytes and regulatory lymphocytes, key players in atherosclero-
sis. Monocytes promote plaque formation and destabilization,
while lymphocytes modulate immune responses with anti-in-
flammatory effects [11, 12]. MLR has demonstrated superior
predictive value for CAD severity compared to other inflam-
matory indices like the neutrophil-to-lymphocyte ratio [13, 14].

The TyG index, derived from fasting triglycerides and glu-
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cose, serves as a surrogate marker for insulin resistance [15]
and reflects broader metabolic dysfunction by integrating li-
pid abnormalities and insulin resistance [16]. Recent evidence
has further established its value as a promising diagnostic
biomarker across various diseases [17]. This comprehensive
metabolic indicator has shown strong predictive value for car-
diovascular outcomes, especially in individuals with metabolic
disturbances [18, 19].

This study is one of the few to comprehensively evalu-
ate the combined predictive value of MLR and TyG index for
CAD severity. While previous studies have explored the indi-
vidual or combined effects of these markers [20], our research
expands this scope by investigating their predictive perfor-
mance across subgroups, including gender, diabetes, and hy-
pertension, to assess their robustness and clinical applicability
in diverse populations. We hypothesize that their joint use will
significantly improve risk prediction accuracy [21]. By exam-
ining their relationships with the SYNTAX score, a measure of
coronary artery complexity [22], we aim to provide evidence
for incorporating these biomarkers into clinical CAD risk as-
sessment. This approach offers clinicians a practical tool for
individualized risk stratification, particularly for patients with
inflammatory and metabolic dysfunction.

Materials and Methods

Study design and population

This single-center, retrospective cohort study was conducted
at Neijiang Dongxing District People’s Hospital from Janu-
ary 2022 to June 2024. The institutional ethics committee ap-
proved the study protocol, and informed consent was waived
due to the retrospective design. This study was conducted in
compliance with the ethical standards of the responsible in-
stitution for research on human subjects, adhering to the
principles outlined in the Declaration of Helsinki. The study
followed the Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) guidelines [23].

We enrolled 678 consecutive patients who underwent cor-
onary angiography (CAGQG). Inclusion criteria were: 1) age >
40 years, and 2) CAG performed for suspected or confirmed
CAD. Exclusion criteria included: 1) prior coronary revas-
cularization; 2) acute infection, autoimmune disease, or ma-
lignancy; 3) severe hepatic insufficiency (Child-Pugh class
C) or renal insufficiency (estimated glomerular filtration rate
(eGFR) < 30 mL/min/1.73 m?); 4) significant valvular heart
disease or cardiomyopathy; and 5) pregnancy.

Clinical data collection

Demographic, clinical, and laboratory data were systematical-
ly extracted from electronic medical records using standard-
ized forms. Collected variables included age, gender, smok-
ing status, medical history (e.g., hypertension, diabetes), body
mass index (BMI), blood pressure, and laboratory parameters.
Fasting blood samples were collected and analyzed in the hos-

pital’s central laboratory following standard protocols.

MLR was calculated as the absolute monocyte count di-
vided by the absolute lymphocyte count. The TyG index was
calculated using the formula: TyG index = In(TG (mg/dL) x
FBG (mg/dL)/2), with triglyceride (TG) and fasting blood glu-
cose (FBQG) values converted from mmol/L to mg/dL [9].

Coronary angiography and SYNTAX score

CAD was defined as > 50% diameter stenosis in any major
epicardial coronary artery, based on current guidelines [6]. All
CAG procedures adhered to standardized protocols, and two
experienced interventional cardiologists (each with > 10 years
of experience) independently reviewed the angiograms. Dis-
crepancies were resolved by consensus.

The SYNTAX score, calculated using an online tool [24],
quantified the complexity of coronary artery lesions according
to established criteria [22]. Patients were stratified into four
categories based on SYNTAX scores: no CAD (0 points), mild
CAD (1 - 22 points), moderate CAD (23 - 32 points), and se-
vere CAD (> 33 points).

Statistical analysis

Statistical analyses were performed using SPSS version 26.0
(IBM Corp., Armonk, NY, USA). Sample size calculations
were based on previous studies, with an estimated area un-
der the curve (AUC) difference of 0.1 between combined and
individual markers (a0 = 0.05, B = 0.2). Continuous variables
were expressed as mean =+ standard deviation (SD) or median
(interquartile range) based on normality testing (Kolmogorov-
Smirnov test), while categorical variables were presented as
counts and percentages.

Between-group comparisons were conducted using inde-
pendent ¢-tests or Mann-Whitney U tests for continuous vari-
ables and Chi-square tests for categorical variables. Spearman
correlation coefficients were used to evaluate relationships
between MLR, TyG index, and SYNTAX scores. Multivari-
ate logistic regression analysis, adjusting for established risk
factors, assessed the independent predictive value of MLR and
TyG index. Receiver operating characteristic (ROC) curves
were used to evaluate diagnostic performance, with AUCs
compared using DeLong’s test. Predefined subgroup analyses
were conducted to examine the predictive value of MLR and
TyG index in various populations. A two-sided P-value < 0.05
was considered statistically significant.

Results

Baseline characteristics

The study included 678 patients, with 453 (67.1%) diagnosed
with CAD and 225 (32.9%) showing no CAD. The average
age was 600.9 + 9.85 years, and 46.5% were male. Based on
SYNTAX scores, patients were classified into four severity
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Table 1. Baseline Characteristics of the Study Population

Variables Control group (n = 223) CAD group (n = 455) P value
Age (years) 55.94+£9.03 63.33£9.32 <0.01
Gender, male (%) 70 (31.4%) 245 (53.8%) <0.01
BMI (kg/m?) 24.79 £2.67 24.90 +3.09 0.66
Smoking, n (%) 69 (30.9%) 244 (53.6%) <0.01
DM, n (%) 27 (12.1%) 146 (32.1%) <0.01
HT, n (%) 109 (48.9%) 343 (75.4%) <0.01
HGB (g/L) 136.3 +15.41 13539+ 15.13 0.45
Platelet (x 10°/L) 223.51 £52.98 209.07 £ 55.07 0.02
Leukocyte (x 10%/L) 5.89 (4.95 - 6.96) 6.48 (5.2-7.63) <0.01
Neutrophil (x 10%/L) 3.59(2.83-4.31) 427 (3.4-534) <0.01
Monocyte (x 10°/L) 2.92(2.36-3.41) 4.03 (3.17 - 4.89) <0.01
Lymphocyte (x 10°/L) 2.04 (1.59 - 2.50) 1.78 (1.40 - 2.24) <0.01
FPG (mmol/L) 5.25(4.63 -5.91) 6.18(5.3-7.11) <0.01
TC (mmol/L) 4.84 (4.10 - 5.58) 4.99 (4.23 - 4.75) 0.18
TG (mmol/L) 1.28 (0.99 - 1.94) 1.75(1.23 - 2.35) <0.01
LDL (mmol/L) 2.67 (2.12-3.24) 2.74 (2.23-3.42) 0.23
HDL (mmol/L) 1.17 (1.02 - 1.37) 1.13(0.92-1.29) 0.02
BUN (mmol/L) 4.94 +1.02 5.13£1.10 0.35
CCR (umol/L) 71.05+15.32 67.89 +16.02 0.13
MLR 1.49 (1.22-1.77) 2.20 (1.62 - 3.03) <0.01
NLR 1.79 (1.35 - 2.28) 2.44 (1.74-3.37) <0.01
TyG index 4.67 (4.49 - 4.85) 4.85(4.72 - 5.04) <0.01

BMI: body mass index; BUN: blood urea nitrogen; CCR: creatinine clearance rate; DM: diabetes mellitus; FPG: fasting plasma glucose; HDL: high-
density lipoprotein cholesterol; HGB: hemoglobin; HT: hypertension; LDL: low-density lipoprotein cholesterol; MLR: monocyte-to-lymphocyte ratio;
NLR: neutrophil-to-lymphocyte ratio; TC: total cholesterol; TG: triglycerides; TyG: triglyceride-glucose.

categories: no CAD (32.9%), mild CAD (25.1%), moderate
CAD (22.7%), and severe CAD (19.3%).

Compared to the non-CAD group, patients in the CAD
group were older (63.33 +£9.32 vs. 55.94+9.03 years, P<0.01)
and had a higher proportion of males (53.8% vs. 31.4%, P <
0.01). Comorbidities such as hypertension (75.4% vs. 48.9%,
P <0.01) and diabetes (32.1% vs. 12.1%, P <0.01) were more
prevalent in the CAD group. Both MLR (2.40 (1.72 - 3.08) vs.
1.84 (1.32 - 2.36), P <0.01) and TyG index (4.89 (4.57 - 5.21)
vs. 4.63 (4.32 - 4.94), P < 0.01) were significantly elevated in
CAD patients, indicating an association between these markers
and CAD presence (Table 1). Based on the study population,
preliminary reference ranges for MLR and TyG index can be
proposed: 1.84 - 2.40 for MLR and 4.63 - 4.89 for TyG index
in non-CAD patients, and 2.40 - 3.08 for MLR and 4.89 - 5.21
for TyG index in CAD patients. These ranges suggest potential
clinical cut-offs; however, larger studies are necessary to vali-
date these thresholds and explore their generalizability.

Association between MLR, TyG index, and CAD

Spearman correlation analysis showed a significant positive

correlation between MLR and CAD presence (r = 0.446, P
<0.001) as well as between TyG index and CAD (r = 0.361,
P <0.001). Additionally, MLR had a stronger correlation with
SYNTAX scores (r=0.578, P <0.001) compared to TyG index
(r=0.515,P <0.001), suggesting that both markers are associ-
ated with CAD severity (Table 2).

Multivariate logistic regression analysis, adjusted for age,
gender, smoking status, hypertension, diabetes, BMI, low-den-
sity lipoprotein cholesterol (LDL-C), and high-density lipo-
protein cholesterol (HDL-C), confirmed that both MLR (odds
ratio (OR) = 2.15, 95% confidence interval (CI): 1.40-3.28, P

Table 2. Spearman Correlation Analysis of MLR and TyG In-
dex With CAD and Its Severity

MLR TyG index
Correlation indicator
r P r P
CAD 0.446 <0.01 0.361 <0.01
SYNTAX 0.578 <0.01 0.515 <0.01

CAD: coronary artery disease; MLR: monocyte-to-lymphocyte ratio;
SYNTAX: Synergy Between PCI With Taxus and Cardiac Surgery
score; TyG: triglyceride-glucose.
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Table 3. Multivariate Logistic Regression Analysis of Factors Associated With CAD

Variable B Wald P value OR 95% CI

Age 0.06 17.92 0.002** 1.05 1.03 - 1.09
Male 0.32 1.85 0.174 1.38 0.87-2.18
BMI 0.07 2.53 0.112 1.08 0.98 - 1.19
Smoking 0.63 6.14 0.013* 1.86 1.14-3.05
DM 1.00 8.54 0.024* 2.72 1.35-5.32
HT 0.37 3.48 0.062 1.45 0.98-2.15
HGB -0.03 6.34 0.012%* 0.97 0.95-0.99
Platelet 0.01 0.43 0.510 1.01 0.99 - 1.02
Leukocyte 0.15 4.12 0.042* 1.16 1.01-1.33
Neutrophil 0.17 5.35 0.021* 1.19 1.03 - 1.38
Monocyte 0.14 3.84 0.050 1.15 1.00-1.33
Lymphocyte -0.11 2.90 0.089 0.90 0.79-1.30
FPG 0.89 17.69 0.015% 1.12 1.61 - 3.67
TC 0.08 1.25 0.264 1.08 0.95-1.22
TG 0.39 11.43 0.001** 1.48 1.22-1.80
LDL 0.06 0.53 0.470 1.06 0.89 - 1.27
HDL -0.11 0.99 0.320 0.89 0.70 - 1.12
NLR 0.42 6.68 0.010%* 1.52 1.10-2.10
MLR 0.76 10.23 0.001** 2.15 1.40 - 3.28
TyG index 0.56 12.56 0.001%** 1.75 1.30-2.36
SYNTAX 0.82 15.12 0.001** 227 1.57-3.28

Multivariate logistic regression analysis. Wald test used for significance evaluation. *P < 0.05, **P < 0.01. BMI: body mass index; CAD: coronary
artery disease; Cl: confidence interval; DM: diabetes mellitus; FPG: fasting plasma glucose; HDL: high-density lipoprotein cholesterol; HGB: hemo-
globin; HT: hypertension; LDL: low-density lipoprotein cholesterol; MLR: monocyte-to-lymphocyte ratio; NLR: neutrophil-to-lymphocyte ratio; OR:
odds ratio; SYNTAX: Synergy Between PCI With Taxus and Cardiac Surgery score; TyG: triglyceride-glucose; TC: total cholesterol; TG: triglycerides;

TyG: triglyceride-glucose.

<0.001) and TyG index (OR = 1.75, 95% CI: 1.30 - 2.36, P <
0.001) were independent predictors of CAD (Table 3).

Diagnostic performance of MLR and TyG index

ROC curve analysis evaluated the diagnostic performance of
MLR and TyG index for predicting CAD. MLR achieved an
AUC of 0.774 (95% CI: 0.739 - 0.809, P < 0.001) with an
optimal cut-off of 1.77, yielding a sensitivity of 70.1% and
specificity of 75.8%. The TyG index showed an AUC of 0.722
(95% CI: 0.682 - 0.762, P < 0.001) with an optimal cut-off
of 4.71, resulting in a sensitivity of 78.2% and specificity
of 68.4%. The combined model of MLR and TyG index im-
proved predictive performance, reaching an AUC of 0.804
(95% CI: 0.771 - 0.837, P < 0.001), with an optimal cut-off
of 6.50, sensitivity of 73.8%, and specificity of 74.9% (Fig.
1). Additionally, the predictive performance of the combined
MLR and TyG index model (AUC = 0.804) was compared to
the Framingham risk model, which achieved an AUC of 0.784
(95% CI: 0.750 - 0.818). The combined model demonstrated
superior diagnostic accuracy, emphasizing the value of inte-

grating inflammatory and metabolic markers.
Association between MLR, TyG index, and CAD severity

The Kruskal-Wallis test revealed significant differences in
MLR across CAD severity groups (¥%(3) =267.462, P <0.001),
with MLR levels increasing with CAD severity. Similarly, sig-
nificant differences were observed in TyG index among sever-
ity groups (¥*(3) = 116.466, P < 0.001). The combined use of
MLR and TyG index yielded the most pronounced differences
across severity levels (¥3(3) = 289.755, P < 0.001), suggesting
that the combined model provides a better distinction among
varying degrees of CAD severity (Fig. 2).

Multivariate logistic regression analysis further indicated
that MLR and TyG index remained independent predictors of
CAD severity. Each unit increase in MLR was associated with
a 0.90-fold (95% CI: 0.53 - 1.28, P < 0.001), 1.93-fold (95%
CI: 1.47 -2.38,P<0.001), and 2.68-fold (95% CI: 2.18 - 3.18,
P <0.001) increased risk of mild, moderate, and severe CAD,
respectively. Similarly, each unit increase in TyG index corre-
sponded to a 2.13-fold (95% CI: 1.18 - 3.09, P < 0.001), 3.03-
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Figure 1. ROC curve comparing the predictive performance of MLR, TyG index, their combination (MLR and TyG index), and
the Framingham risk model for CAD severity. CAD: coronary artery disease; MLR: monocyte-to-lymphocyte ratio; ROC: receiver

operating characteristic; TyG: triglyceride-glucose.

fold (95% CI: 1.66 - 4.39, P < 0.001), and 4.30-fold (95% CI:
2.64 - 5.74, P < 0.001) increased risk for mild, moderate, and
severe CAD, respectively (Table 4).

Subgroup analysis

Subgroup analysis revealed that the predictive performance
of the MLR and TyG index model differed between men and
women. The combined model achieved an AUC of 0.85 (95%
CI: 0.81 - 0.89) in men, significantly higher than in women
(AUC = 0.82, 95% CI: 0.75 - 0.88, P < 0.05). In contrast, the
sensitivity and specificity of the model showed no statisti-
cally significant differences between men (75.2% and 73.5%,
respectively) and women (71.8% and 72.9%, respectively; P
> 0.05). These findings suggest that sex-specific factors may
influence the model’s AUC performance, but their impact on
sensitivity and specificity requires further investigation.

In diabetic patients, the combined model achieved an
AUC of 0.88 (95% CI: 0.83 - 0.92), significantly higher than
in non-diabetic patients (AUC = 0.81, 95% CI: 0.75 - 0.87,
P < 0.05). Sensitivity and specificity were 79.3% and 76.1%
in diabetic patients, compared to 72.8% and 70.5% in non-
diabetic patients, respectively. Similarly, hypertensive patients

showed better model performance with an AUC of 0.84 (95%
CI: 0.79 - 0.89) compared to non-hypertensive patients (AUC
=0.80,95% CI: 0.73 - 0.85, P <0.05). These results emphasize
the strong predictive value of the MLR and TyG index model
in high-risk populations such as those with diabetes and hyper-
tension (Fig. 3).

Discussion

This study demonstrates that both MLR and TyG index inde-
pendently predict CAD severity, with their combination achiev-
ing superior diagnostic accuracy (AUC = 0.804). These findings
underscore the complementary roles of inflammation and meta-
bolic dysfunction in CAD pathophysiology [4, 11]. The interac-
tion between immune and metabolic pathways in atherosclerosis
reflects the integrated nature of CAD progression [25].

MLR has emerged as a valuable inflammatory biomarker,
balancing pro-inflammatory monocytes and regulatory lym-
phocytes. Our results show a strong association between MLR
and CAD severity (OR = 2.68 for severe CAD), consistent
with evidence supporting its role in cardiovascular risk stratifi-
cation and mortality prediction [10, 26, 27]. The stronger cor-
relation of MLR with SYNTAX scores (r = 0.578) compared
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Figure 2. Differences in MLR and TyG index across CAD severity groups. Significant differences were observed in MLR (a) and
TyG index (b) across CAD severity groups, with the combined model (c) showing the most pronounced distinction. CAD: coronary
artery disease; MLR: monocyte-to-lymphocyte ratio; TyG: triglyceride-glucose.

to TyG index suggests that inflammation plays a crucial role
in complex coronary lesions [13]. Additionally, studies indi-
cate that combining MLR with other inflammatory markers
enhances CAD risk prediction [28].

The TyG index, a marker of insulin resistance, also showed
significant predictive value for CAD severity (OR = 4.30 for
severe CAD), aligning with recent meta-analyses linking TyG
index to adverse cardiovascular events [9, 18]. As a validated
marker in cardiovascular risk assessment [29], TyG index has
gained increasing recognition. A recent dose-response meta-
analysis further established a robust link between TyG index
levels and cardiovascular outcomes, with each unit increase in
TyG index associated with proportional increases in risk [30].
This association reflects the impact of metabolic dysfunction

Table 4. Association of MLR and TyG Index With CAD Severity

on atherosclerosis progression, positioning TyG index as a key
marker for CAD risk, particularly in patients with metabolic
disorders [16]. Notably, longitudinal studies confirm TyG in-
dex’s predictive value for cardiovascular events in both dia-
betic and non-diabetic populations [31].

Although the combined model achieved an AUC of 0.804,
its sensitivity (73.8%) remains below the ideal threshold for
clinical screening tools, which typically aim for sensitivity
levels above 90%. This limitation suggests the need for fur-
ther optimization by incorporating additional biomarkers or
utilizing longitudinal data to enhance diagnostic accuracy.
This approach is practical - given the availability and cost-
effectiveness of the measurements - and offers complementary
pathophysiological insights [21]. Evidence from multi-marker

MLR TyG index
CAD severity
OR (95% CI)* P OR (95% CI)* P
Mild CAD 0.90 (0.53 - 1.28) <0.001 2.13(1.18 - 3.09) <0.001
Moderate CAD 1.93 (1.47 - 2.38) <0.001 3.03 (1.66 - 4.39) <0.001
Severe CAD 2.68(2.18-3.18) <0.001 430 (2.64-5.74) <0.001

aAdjustment for gender, smoking, hypertension, diabetes, TC, TG, HDL-C, LDL-C. CAD: coronary artery disease; Cl: confidence interval; HDL: high-
density lipoprotein cholesterol; LDL: low-density lipoprotein cholesterol; MLR: monocyte-to-lymphocyte ratio; TyG: triglyceride-glucose; OR: odds

ratio; TC: total cholesterol; TG: triglycerides.
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Figure 3. The AUC values with 95% CI for subgroups (male, female, diabetes, no diabetes, hypertension, and no hypertension)
are shown. Significant differences in AUC were observed between men and women (P < 0.05), and between diabetic and non-
diabetic patients (P < 0.05). No significant differences in sensitivity and specificity were found between subgroups (not shown).
Orange dots represent AUC values, and red bars represent the 95% CI. AUC: area under the curve; Cl: confidence interval.

scoring systems supports this combined approach, showing
improved accuracy by reflecting different pathological mecha-
nisms [32]. Compared to the Framingham risk model (AUC
= (.784), the combined MLR and TyG index model (AUC =
0.804) offered better predictive accuracy. This suggests that
while traditional risk models are valuable, their reliance on de-
mographic and classical risk factors may not fully capture the
inflammatory and metabolic processes underlying CAD. Our
subgroup analysis showed particularly strong predictive value
in diabetic (AUC = 0.88) and hypertensive patients (AUC =
0.84), further supporting its utility in high-risk populations [8].

The observed differences in AUC between men and women
highlight the need to address sex-specific disparities in CAD
risk prediction. Women frequently exhibit pathophysiological
features such as non-obstructive CAD, microvascular dysfunc-
tion, and diffuse plaque morphology - phenotypes poorly cap-
tured by anatomical scoring systems like SYNTAX scores [33,
34]. These features are often driven by systemic inflammation
and insulin resistance, which may explain why the MLR and
TyG index model, despite its lower AUC in women (0.82 vs.
0.85 in men), maintains comparable sensitivity and specific-
ity across sexes. Specifically, MLR reflects monocyte-driven
plaque instability (OR = 2.68 for severe CAD), while TyG index
(OR = 4.30) captures metabolic dysfunction linked to endothe-
lial oxidative stress [16]. Their combined use may bypass the

limitations of anatomical scoring by targeting upstream inflam-
matory-metabolic pathways, offering a critical advantage for
women with atypical CAD presentations [34, 35].

This study has several limitations. First, as a single-center
retrospective study, selection bias and limited generalizabil-
ity are inherent. Expanding to multicenter designs with more
diverse populations would enhance the robustness and appli-
cability of the findings [1]. Second, single time-point meas-
urements do not capture the dynamic changes of biomarkers,
limiting the understanding of temporal variations in CAD pro-
gression [36]. Third, BMI was used as a surrogate measure
for obesity, which may inadequately reflect metabolic risks.
Alternative metrics, such as waist-to-hip ratio or body fat per-
centage, should be explored to better evaluate CAD risk in fu-
ture studies [37]. Fourth, the SYNTAX II score, while widely
used, may underestimate CAD severity in women due to its fo-
cus on anatomical complexity rather than microvascular dys-
function - a hallmark of female-pattern CAD [34, 36]. Future
studies should validate sex-adapted scoring systems that inte-
grate both anatomical and biomarker-driven parameters [34,
35]. Fifth, the narrow range of MLR and TyG index values
highlights the need for standardized reference thresholds to
improve clinical utility. While this study provides preliminary
reference ranges, validation in larger, more diverse cohorts is
essential to establish actionable cut-offs. Sixth, this study did
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not consider social determinants of health (SDOH), such as
socioeconomic status and access to care, which significantly
influence cardiovascular health [38]. Future studies should
incorporate SDOH for a more comprehensive CAD risk as-
sessment. Finally, the absence of high-sensitivity C-reactive
protein (hs-CRP), a well-established inflammatory biomarker
associated with CAD risk, limits the study’s ability to fully
evaluate the inflammatory component of CAD. This limitation
stems from the unavailability of hs-CRP data in the retrospec-
tive dataset. Future research should integrate hs-CRP with
MLR and TyG index to enhance sensitivity and specificity, as
combining inflammatory and metabolic markers could provide
a more comprehensive risk stratification framework [39].

Future research should prioritize the following areas: 1)
validating these findings in multicenter prospective studies to
improve generalizability, 2) exploring biomarker dynamics
over time to assess temporal changes in CAD progression [31],
3) integrating MLR and TyG index with emerging biomarkers
like hs-CRP to develop more comprehensive risk stratification
models, 4) conducting implementation studies to evaluate the
clinical utility of this model in real-world settings, 5) investi-
gating the cost-effectiveness of incorporating this model into
existing healthcare systems, and 6) developing sex-stratified
risk models by incorporating hormonal and microvascular bio-
markers to optimize AUC performance in women. These steps
will bridge the gap between research and clinical practice, ul-
timately improving CAD outcomes.

Conclusion

The combined MLR and TyG index model demonstrates sig-
nificant potential as a practical, cost-effective tool for predict-
ing CAD severity. By integrating inflammatory and metabolic
markers, the model offers superior predictive performance
compared to traditional risk models, particularly in high-risk
populations such as diabetic and hypertensive patients. Its ap-
plication in early screening and risk stratification can facilitate
timely interventions and improve patient outcomes.

While the findings are promising, the single-center retro-
spective design limits generalizability. Future research should
focus on validating these results through multicenter prospec-
tive studies and integrating the MLR and TyG index model
into artificial intelligence (Al)-based frameworks. These ad-
vancements could enable the development of multi-biomarker
risk prediction systems, addressing sex-specific and metabolic
disparities while surpassing traditional models in both accu-
racy and clinical utility.
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