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Abstract
Background: The atherogenic index of plasma (AIP), triglyceride-glucose (TyG) index, and monocyte-tolymphocyte ratio (MLR) are strongly associated with atherogenesis of the coronary artery. This study
aimed to investigate the association of the AIP, TyG index, and MLR with subclinical coronary artery
disease (CAD) and evaluate their ability to predict subclinical CAD.
Methods: A total of 697 asymptomatic patients were enrolled in this study and assigned to the
subclinical CAD group (n=332) and control group (n=365). The clinical data, coronary artery calci cation
score, and calculated AIP, TyG index, and MLR were collected by graduate students in the cardiology
division. Multivariate logistic regression models were set up to assess the risk factors for subclinical CAD.
Results: The AIP, TyG index and MLR values were higher in the subclinical CAD group than in the control
group (all P<0.05). In addition to the classic independent clinical risk factors, increased AIP, TyG index and
MLR values were all independent risk factors for subclinical CAD (all P<0.05). The AUCs were higher after
combining clinical risk factors than the AIP, TyG index, or MLR alone (all P<0.05).
Conclusions: The AIP, TyG index and MLR are independent risk factors for subclinical CAD, which can be
useful for improving the diagnosis and prevention of CAD.

Introduction
Coronary artery disease (CAD) is the leading cause of death in cardiovascular disease, and the
progression of coronary atherosclerosis leads to the onset of future cardiac events and is associated with
a poor prognosis[1,2]. Acute adverse cardiovascular events occurring in asymptomatic subclinical CAD
patients have been observed in the clinic. Therefore, identi cation of patients who are at risk of
cardiovascular events is necessary before the onset of ischemic symptoms, as this could improve the
prevention and treatment of CAD patients and reduce the occurrence of adverse CAD complications.
Coronary artery calci cation (CAC) is an established marker for subclinical atherosclerosis and CAD [3].
In ammation, abnormal glucose and lipid metabolism are critical in atherogenesis, and they are potent
risk factors for cardiovascular disease[4,5]. Studies have shown that the atherogenic index of plasma
(AIP), triglyceride-glucose (TyG) index, and monocyte-to-lymphocyte ratio (MLR) are new markers for
atherosclerosis, insulin resistance and in ammation, respectively[6-8]. In this study, we investigated the
association of the AIP, TyG index, and MLR with subclinical CAD and evaluated the ability of the AIP, TyG
index, and MLR to predict subclinical CAD.

Methods

Subjects and methods
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This was a retrospective, cross-sectional, and observational study, and a total of 697 asymptomatic
patients in the cardiology clinic service were consecutively enrolled in this study from September 2015 to
June 2017. All patients were divided into two groups: the subclinical CAD group (CAC score (CACS) ≥100,
n=335) and the control group (CACS =0, n=362). The major exclusion criteria were angina or myocardial
infarction, history of percutaneous coronary intervention or other heart surgery, structural heart disease,
and renal insu ciency. Subclinical CAD [9] was de ned as a CACS ≥100 Agatston Units and/or ≥50%
coronary luminal stenosis.

Demographic and clinical data
Baseline demographic and clinical data for all patients were collected, including age, sex, height, weight,
smoking, heart rate, systolic blood pressure, diastolic blood pressure, type 2 diabetes, hypertension,
dyslipidemia, ischemic stroke, and so on. All patients underwent coronary computed tomographic
angiography at the A liated Hospital of Chengde Medical University. The CACS was determined by the
Agatston method, and the total Agatston CACS was calculated by summing all coronary arteries. The TyG
index was calculated as ln [fasting triglycerides (mg/dL) × fasting glucose (mg/dL)/2]. The AIP was
calculated as lg (plasma triglyceride/high-density lipoprotein cholesterol). The MLR was calculated as
monocyte/lymphocyte.

Statistical analysis
Continuous variables are expressed as quartile M (QR), and categorical variables are expressed as
percentages. Continuous variables were compared using one-way analysis of variance, and categorical
variables were compared using the χ2 test or Fisher’s exact test. Receiver operating characteristic (ROC)
curve analyses using the Youden index were employed to determine the optimal AIP, TyG index and MLR
cut offs for predicting subclinical CAD. Univariate regression analysis was performed to evaluate the
association between clinical variables and subclinical CAD. Multivariate logistic regression models 1, 2,
and 3 were established by adjusting the AIP, TyG index and MLR to determine the independent predictors
of CAD. All statistical analyses were performed using the Statistical Package for Social Sciences
software, version 19 (SPSS Inc., Chicago, IL, USA), and a P-value of < 0.05 was considered signi cant for
all analyses.

Results

Clinical characteristics of the study cohort
The median age of the 697 subjects (333 men, 47.8%) was 60 years, and the median age of the
subclinical CAD group was higher than that of the control group (P<0.001). The proportions of men and
smoking and drinking behaviors were signi cantly higher in the subclinical CAD group than in the control
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group (all P<0.001). Moreover, the prevalence of hypertension, type 2 diabetes, and ischemic stroke was
signi cantly higher in the subclinical CAD group than in the control group (all P<0.001). The levels of
hemoglobin and fasting blood glucose were higher in the subclinical CAD group than in the control group
(both P<0.05), as were levels of uric acid, creatinine, and blood urea nitrogen (all P<0.01). Compared with
those in the control group, the median AIP, TyG index and MLR values were higher in the subclinical CAD
group (all P<0.05) (Table 1).
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Table 1
Clinical characteristics of subjects
Variables

Total (n=697)

Subclinical CAD
group (n=335)

Control group
(n=362)

P

Male (%)

333 (47.8)

204 (60.9)

129 (35.6)

<0.001

Age (year)

60 (54, 65)

63 (59, 68)

56 (51, 61)

<0.001

Body mass index
(kg/m2)

25.0 (23.0, 27.3)

25.0 (23.0, 27.1)

24.9 (22.9, 27.4)

0.978

Current smoking
(%)

226 (32.4)

147 (43.9)

79 (21.8)

<0.001

Hypertension (%)

384 (55.3)

226 (67.5)

158 (43.9)

<0.001

Type 2 diabetes
(%)

121 (17.6)

86 (25.8)

35 (9.8)

<0.001

Dyslipidemia (%)

168 (24.4)

88 (26.5)

80 (22.5)

0.218

Ischemic stroke
(%)

72 (10.4)

48 (14.4)

24 (6.7)

0.001

Heart rate (bpm)

72 (66, 80)

72 (66, 80)

71 (64, 78)

0.295

Systolic blood
pressure (mmHg)

132 (120, 150)

140 (125, 150)

130 (120, 140)

<0.001

Diastolic blood
pressure (mmHg)

80 (72, 90)

80 (74, 90)

80 (72, 90)

0.659

Left atrium
diameter (mm)

33 (30, 37)

34 (31, 38)

33 (30, 35)

0.004

Left ventricle
end-diastolic
diameter (mm)

49 (46, 52)

33 (30, 35)

32 (30, 34)

0.086

Hemoglobin
(g/L)

140 (130, 150)

142 (132, 152)

138 (129, 148)

0.027

Leukocyte
(109/L)

6.31(5.21, 7.65)

6.61 (5.52, 7.90)

6.17 (5.13, 7.63)

0.022

Lymphocyte
(109/L)

1.86 (1.49, 2.32)

1.84 (1.43, 2.33)

1.84 (1.51, 2.29)

0.896

Monocyte
(109/L)

0.42 (0.31, 0.55)

0.44 (0.34, 0.59)

0.40 (0.30, 0.52)

0.001

Fasting blood
glucose
(mmol/L)

5.47 (4.89, 6.60)

5.55 (4.87, 7.05)

5.43 (4.90, 6.26)

0.026

Total cholesterol

4.30 (3.69, 5.00)

4.31 (3.69, 5.04)

4.29 (3.69, 4.96)

0.611
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(mmol/L)
Triglycerides
(mmol/L)

1.52 (1.05, 2.21)

1.54 (1.13, 2.25)

1.46 (0.97, 2.13)

0.076

HDL-C (mmol/L)

1.11 (0.92, 1.35)

1.10 (0.93, 1.31)

1.13 (0.93, 1.40)

0.061

LDL-C (mmol/L)

2.38 (1.84, 2.90)

2.40 (1.86, 2.95)

2.35 (1.82, 2.84)

0.226

Uric acid
(mmol/L)

303 (251, 357)

316 (268, 370)

290 (239, 344)

<0.001

Blood urea
nitrogen
(mmol/L)

5.31 (4.43, 6.37)

5.52 (4.55, 6.43)

5.15 (4.28, 6.23)

0.006

Creatinine
(μmol/L)

64.5 (55.4, 75.9)

67.5 (57.3, 77.9)

62.3 (54.5, 72.4)

<0.001

Statins (%)

461 (66.1)

289 (86.3)

172 (47.6)

<0.001

β-blockers (%)

283 (40.6)

169 (50.4)

114 (31.5)

<0.001

ACEI/ARB (%)

184 (26.4)

117 (34.9)

67 (18.5)

<0.001

AIP

0.13 (-0.07, 0.34)

0.16 (-0.03, 0.35)

0.11 (-0.10, 0.35)

0.026

TyG index

8.80 (8.39, 9.30)

8.86 (8.44, 9.40)

8.75 (8.36, 9.20)

0.011

MLR

0.23 (0.17, 0.31)

0.25 (0.18, 0.33)

0.21 (0.16, 0.29)

<0.001

Data are presented as the number (%) of patients and median (interquartile range).
Abbreviations: CACS: coronary artery calci cation score, HDL-C: high-density lipoprotein cholesterol; LDLC: low-density lipoprotein cholesterol, AIP: atherogenic index of plasma, TyG: triglyceride-glucose, MLR:
monocyte-to-lymphocyte ratio

Association between clinical variables and subclinical CAD
Univariate analysis showed that male sex, age ≥65 years, smoking, drinking, hypertension, type 2
diabetes, and ischemic stroke were signi cantly associated with the risk of subclinical CAD. The risk of
subclinical CAD was signi cantly higher in the increased AIP (OR 3.255, 95% CI 1.752-6.048, P < 0.001),
increased TyG index (OR 2.123, 95% CI 1.236-3.646, P =0.006) and increased MLR (OR 1.871, 95% CI
1.176-2.976, P =0.007) groups (Table 2).
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Table 2
Association of clinical variables with subclinical CAD
Variables

Univariate
OR (95% CI)

P

Male

2.813 (2.069, 3.825)

<0.001

Age ≥65 years

3.107 (2.188, 4.412)

<0.001

Current smoking

2.801 (2.014, 3.895)

<0.001

Hypertension

2.651 (1.946, 3.611)

<0.001

Type 2 diabetes

3.193 (2.084, 4.892)

<0.001

Dyslipidemia

1.244 (0.878, 1.763)

0.218

Ischemic stroke

2.330 (1.392, 3.899)

<0.001

AIP ≥-0.253

3.255 (1.752, 6.048)

<0.001

TyG index ≥8.04

2.123 (1.236, 3.646)

0.006

MLR ≥0.142

1.871 (1.176, 2.976)

0.007

Abbreviations: AIP: atherogenic index of plasma, TyG: triglyceride-glucose, MLR: monocyte-to-lymphocyte
ratio, CI con dence interval, OR odds ratio.

Multivariate logistic regression model adjustment of
subclinical CAD
Multivariate logistic regression models 1, 2, and 3 were adjusted as follows: model 1 was adjusted for
male sex, age≥65, hypertension, type 2 diabetes, low-density lipoprotein cholesterol (LDL-C) ≥3.12
mmol/L, and AIP ≥-0.253; model 2 was adjusted for male sex, age ≥65 years, smoking, hypertension,
type 2 diabetes, LDL-C ≥3.12 mmol/L, and TyG index ≥8.04; and model 3 was adjusted for age ≥65,
hypertension, type 2 diabetes, and MLR ≥0.142. In addition to the classic independent risk factors,
elevated AIP (OR 2.530, P =0.01), TyG index (OR 2.007, P =0.031) and MLR (OR 1.693, P =0.037) values
were also found to be independent risk factors for subclinical CAD. The AIP had a greater impact on
subclinical CAD than the TyG index and MLR (Table 3).
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Table 3
Comparison of laboratory indicators by study group
Variables

OR (95% CI)

P

AIP ≥-0.253 a

2.530 (1.252, 5.114)

0.010

TyG index ≥8.04 b

2.007 (1.066, 3.780)

0.031

MLR ≥0.142 c

1.693 (1.032, 2.775)

0.037

Abbreviations: AIP: atherogenic index of plasma, TyG: triglyceride-glucose, MLR: monocyte-to-lymphocyte
ratio, CI con dence interval, OR odds ratio.
a

: Model 1 Adjusted for male sex, age≥65, hypertension, type 2 diabetes, LDL-C≥3.12 mmol/L,
AIP≥-0.253.
b:

Model 2 Adjusted for male sex, age≥65, smoking, hypertension, type 2 diabetes, LDL-C≥3.12 mmol/L,

TyG index≥8.04.
C

: Model 3 Adjusted for age≥65, hypertension, type 2 diabetes, MLR≥0.142.

Receiver operating characteristic curve analysis
The ROC analysis showed that the optimal AIP, TyG index, and MLR cutoff values for predicting
subclinical CAD, as determined using the Youden index, were -0.253 (AUC: 0.548; 95% CI: 0.506 - 0.591; P
= 0.026; sensitivity: 95.8%; speci city: 12.4%), 8.04 (AUC: 0.556; 95% CI: 0.513 - 0.598; P = 0.011;
sensitivity: 93.7%; speci city: 12.4%), and 0.142 (AUC: 0.582; 95% CI: 0.540 - 0.624; P < 0.001; sensitivity:
90.1%; speci city: 18.2%) Figure 1). The predictive power of the AIP for subclinical CAD signi cantly
improved after taking into account male sex, age, smoking, hypertension, type 2 diabetes, and LDL-C
(AUC: 0.548 vs. 0.809; P < 0.05). The predictive power of the TyG index for subclinical CAD signi cantly
improved after taking into account male sex, age, hypertension, type 2 diabetes, and LDL-C (AUC: 0.556
vs. 0.803; P < 0.05). Finally, the predictive power of the MLR for subclinical CAD signi cantly improved
after taking into account age, hypertension, and type 2 diabetes (AUC: 0.582 vs. 0.758; P < 0.001) (Table
4).
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Table 4
Comparison of ROC models related to the AIP, TyG index, and MLR for predicting subclinical CAD
ROC Models

AUC (95% CI)

P

AIP

0.548 (0.506,0.591)

0.026

AIP with male, age, current
smoking, hypertension, type 2
diabetes, LDL-C

0.809 (0.777, 0.841)

<0.001

TyG index

0.556 (0.513,0.598)

0.011

TyG index with male, age,
hypertension, type 2 diabetes,
LDL-C

0.803 (0.770, 0.835)

<0.001

MLR

0.582 (0.540, 0.624)

<0.001

MLR with age, hypertension,
type 2 diabetes

0.758 (0.723-0.794)

<0.001

Abbreviations: LDL-C: low-density lipoprotein cholesterol, AIP: atherogenic index of plasma, TyG:
triglyceride-glucose, MLR: monocyte-to-lymphocyte ratio

Discussion
Abnormal lipid metabolism, insulin resistance and the in ammatory response play important roles in the
progression of coronary atherosclerosis, calci ed plaque formation and deterioration[10,5]. This study
explored these three aspects and evaluated the associations of the AIP, TyG index and MLR with
subclinical CAD. Coronary artery calci cation is a good marker for coronary atherosclerosis; the CACS
indicates the coronary plaque burden, and subclinical CAD is usually de ned by the CACS [11,12].
Atherosclerosis is a complicated process involving many mechanisms, such as in ammation, lipid
accumulation, and insulin resistance. Chronic in ammation plays a key role in atherosclerosis, and
lipoprotein cholesterol accumulation and insulin resistance promote in ammation and the formation of
atherosclerotic plaques[13-15]. In this study, the main nding was that the AIP, TyG index and MLR were
independent risk factors for subclinical CAD.
Lipid deposition in the intima is a key initial event in the development of atherosclerosis[16], and the AIP is
a new comprehensive lipid index that is superior to LDL-C, high-density lipoprotein cholesterol (HDL-C),
total cholesterol, and triglyceride as a predictor for CAD [17]. The AIP value increased as the triglyceride
(TG) level increased and/or the HDL level decreased. Notably, the AIP is a substitute for sdLDL particles
and is inversely related to LDL-C particle size[18]. An increase in the AIP indicates a reduction in LDL
particle diameter and an increase in the proportion of sdLDL, which promotes the formation of foam cells
and the development of atherosclerotic plaque[19]. Accumulating evidence suggests that the AIP is an
important predictor for atherosclerosis and cardiovascular disease[6,18,20].
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Studies have reported that the TyG index is a better insulin resistance assessment tool than HOMA-IR and
can be used as a predictor for CAD and adverse cardiovascular events[21-23]. The TyG index plays a
potential role in all stages of CAD and affects the formation of atherosclerotic plaques, which is related to
coronary artery calci cation and coronary artery stiffness and could predict the degree of coronary artery
stenosis[7,24]. Patients with insulin resistance had increased cardiovascular risk. Insulin resistance may
directly and indirectly contribute to ventricular and vascular dysfunction, which is associated with
weakened proin ammatory responses and aggravated atherosclerotic plaques[25,26]. In addition, insulin
resistance can alter systemic lipid metabolism, which then leads to the development of dyslipidemia,
further aggravating vascular endothelial damage and in ammation and exacerbating the rupture of
vulnerable plaques[27].
Atherosclerosis is an in ammatory reaction triggered by lipid accumulation, and chronic in ammation is
an important factor for the initiation, progression, and stability of atherosclerotic lesions[16]. The MLR, a
new marker of systemic in ammation, is an independent risk factor for CAD and a predictive indicator of
the severity of the lesions[28]. Previous studies have shown that the MLR is associated with
atherosclerosis and cardiovascular disease[29,30]. An increased MLR promotes body in ammation and
oxidative stress, accelerates the formation of foam cells and endothelial damage, suppresses immune
responses, promotes the formation and development of coronary plaques, and regulates the occurrence
and development of CAD [31,32].
The present study identi ed the AIP, TyG index and MLR as useful markers for predicting subclinical CAD.
However, the AUC of the AIP, TyG index and MLR might be poor, suggesting that it is di cult to predict the
presence of subclinical CAD based on any of these three markers alone. After considering clinical risk
factors, the predictive value improved, which may be meaningful on a population level. This study
explores subclinical CAD in terms of lipid accumulation, insulin resistance, and in ammation. Using the
AIP, TyG index, and MLR to predict the prevalence of subclinical CAD might improve the screening and
diagnosis of CAD patients and improve the prevention of thrombosis and stroke in asymptomatic
patients.
Some limitations were present in our study. First, this was a single-center study, and all participants
voluntarily visited the hospital for examination. Thus, selection bias may be present, and the results may
not be generalizable to common populations. Second, the sample size of this study was small, and some
clinical variables were not signi cantly different between the two groups. Therefore, a larger sample size
and more comprehensive research are needed. Despite this limitation, the results still provide clinical
implications in that we determined the predictive value of the AIP, TyG index, and MLR for subclinical
CAD.

Conclusion
Increased AIP, TyG index and MLR values are independent risk factors and potential predictors for
subclinical CAD. Using these noninvasive clinical markers to predict the prevalence of subclinical CAD
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could improve the diagnosis and prevention of CAD in asymptomatic patients.

Abbreviations
CAD: coronary artery disease, AIP: atherogenic index of plasma, TyG: triglyceride-glucose, MLR:
monocyte-to-lymphocyte ratio, CACS: coronary artery calci cation score, HDL-C: high-density lipoprotein
cholesterol; LDL-C: low-density lipoprotein cholesterol
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Figures

Figure 1
Receiver operating characteristic curve analysis of the AIP (a), TyG index (b), and MLR (c).
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