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Purpose: This study explored the relationship between monocyte-to-lymphocyte ratio (MLR) as well as other leukocyte-derived
ratios and carotid plaques in patients with coronary heart disease (CHD).

Patients and Methods: A total of 12,093 patients with CHD were selected as research participants. Leukocyte-derived ratios
assessed in this study included neutrophil-to-lymphocyte ratio (NLR), derived NLR (dNLR), MLR, platelet-to-lymphocyte ratio
(PLR), white blood cell-to-mean platelet volume ratio (WMR), lymphocytexneutrophil/10* ratio (MNM), systemic immune inflam-
mation index (SII), and systemic inflammation response index (SIRI). Leukocyte-derived ratios were divided into four groups
according to quarters. Logistic regression analysis was performed to evaluate the relationship between leukocyte-derived ratios and
the incidence, number, and echo characteristics of carotid plaques in patients with CHD. Further analysis was performed after
adjusting for confounding factors.

Results: Among the 12,093 participants, 71.7% had carotid plaques. After adjusting for confounding factors, MLR, NLR, dNLR, PLR, SII,
SIRI, and WMR were found to be associated with carotid plaque formation. Among them, MLR had the strongest association with the
incidence of carotid plaques (odd ratio[OR]:1.889; 95% confidence interval[CI]:1.406—2.539) and hyperechoic plaques (OR:2.024; 95%
CI:1.481-2.767). When MLR was viewed as a categorical variable, the risk of carotid plaque formation in Q4 was 1.4 times higher than that
in Q1. The relationship between MLR and carotid plaques in females (OR:2.250; 95% CI:1.458-3.473) was stronger than that in males (OR:
1.638; 95% CI:1.102—2.436). The relationship between MLR and carotid plaques in patients younger than 65 years (OR:3.597; 95%
CI:2.379-5.439) was stronger than that in those older than 65 years (OR:1.577; 95% CI:1.046-2.378).

Conclusion: Leukocyte-derived ratios were related to the incidence, number, and echo characteristics of carotid plaques. In particular,
MLR, an inflammatory biomarker that encompasses innate and adaptive immunity, may be of great value in revealing the incidence
and echo characteristics of plaques.
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Introduction

The occurrence and development of atherosclerosis (AS) is a process of chronic inflammation and lipid accumulation,
which is the primary cause of most cardiovascular diseases (CVD).'* CVD has become a significant public health
problem that seriously threatens the health of residents and social development.’ In the past few decades, many studies
have found that the occurrence and development of AS is often accompanied by inflammatory cells, such as macrophages
and T cells. Monocytes (MO) and lymphocytes (LYM) in the leukocyte subgroup are key cells involved in the process of
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inflammation. A disorder of the inflammatory reaction is the driving factor for the development and instability of AS.® In
2017, the Canakinumab Anti-inflammatory Thrombosis Outcomes Study confirmed the role of inflammation in AS, and
showed that inhibiting inflammatory cytokines can significantly reduce the risk of AS.”* Coronary AS causes coronary
heart disease (CHD) and is accompanied by carotid artery stenosis.” ' In recent years, several leukocyte-derived ratios,
including neutrophil (NE)-to-LYM ratio (NLR), derived NLR (dNLR), MO-to-LYM ratio (MLR), platelet (PLT)-to-LYM
ratio (PLR), white blood cell (WBC)-to-mean PLT volume ratio (WMR), LYM x NE/ 10* ratio (MNM), systemic immune
inflammation index (SII), and system inflammation response index (SIRI) have attracted the attention of scholars.'?
Hematological indices NLR and MLR can be regarded as significant predictors of all-cause long-term mortality after Oft-
Pump Coronary Artery Bypass Grafting (OPCAB) revascularization, which may be applied into clinical practice for
meticulous postoperative monitoring of patients in higher risk of worse prognosis.'® Leukocyte-derived ratios, which
integrate information from the innate and adaptive immunity to avoid relying solely on the absolute value of a single
leukocyte subtype caused by infection or dehydration, can be easily obtained and have a certain predictive value for
disease outcomes.'® The changes in leukocytes around the blood vessels were reported to be significantly related to
inflammatory activity in the plaques. Leukocytes are involved in plaque formation and instability, which induce acute
thrombotic events.'> Other studies have shown that innate immune markers are related to the thickness and extent of
plaque stenosis.'®'® Using inflammatory biomarkers to identify and predict coronary plaque stability and the occurrence
and prognosis of cardiovascular events has become a popular research topic in recent years. However, the relationship
between leukocyte-derived ratios and carotid plaques has rarely been studied. Therefore, this study aims to clarify the
relationship between leukocyte-derived ratios and the incidence and characteristics of carotid plaques in patients with
CHD. This can help inform the prevention and risk stratification of carotid plaques in patients with CHD by using simple

biomarkers.

Patients and Methods

Study Participants

A total of 107,301 patients with CHD in six tertiary hospitals in Tianjin, China, were selected as research participants
from September 1, 2014, to September 1, 2020. Patients with CHD were identified with at least one or more of the
International Classification of Disease codes obtained from the hospital’s diagnosis and treatment system. We excluded
patients aged less than 35 years old or older than 75 years old. We also excluded patients with severe liver or kidney
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failure, malignant tumor, cancer, blood system diseases, severe active infections, and acute coronary syndrome. Patients
who had missing leukocyte-derived ratio data or carotid ultrasound measurements were not included in this study.
Finally, a total of 12,093 participants were enrolled in the study. A flow chart of patient screening is shown in Figure 1.
This study was approved by the ethics committee of Tianjin University of Traditional Chinese Medicine (TJUTCM-
EC20190008) and registered in the Chinese Clinical Trial Registry (ChiCTR-1900024535) and ClinicalTrials.gov
(NCTO04026724).

Data Collection

We collected the clinical data of the patients from the hospital’s diagnosis and treatment system, which included the
demographics of the patients, such as age, sex, ethnicity, blood pressure, medical history, and smoking and drinking
history. Basic demographic data were collected and recorded by professional doctors of the hospital through standard
structured questionnaires 4 h after admission. Systolic blood pressure (SBP) and diastolic blood pressure (DBP) were
measured in the right arm artery with a standard electronic sphygmomanometer after the patient was rested in the supine
position for 5 min.

Fasting venous blood samples were collected in the morning from the research center. WBC, monocyte (MO), NE,
LYM, and PLT counts were measured using an automatic hematology analyzer. Fasting blood glucose (FBG), glycosy-
lated hemoglobin Alc (HbAlc), total cholesterol (TC), triglyceride (TG), high-density lipoprotein-cholesterol (HDL-C),
and low-density lipoprotein-cholesterol (LDL-C) levels were measured using an automatic biochemical analyzer.'
Standard laboratory procedures for quality control were strictly followed.” '""!* Leukocyte-derived ratios were defined
as follows: NLR= NE/LYM, dNLR= NE /[WBC-NE], MLR= MO/LYM, PLR= PLT/LYM, WMR= leukocyte/mean PLT
volume, MNM= LYM x NE/10*, SIRI= NE x MO/LYM, and SII = PLT/NE/LYM.

Hospital professionals also measured the color Doppler ultrasound of the carotid artery after the patient was rested in
a supine position for approximately 15 min. Bilateral common carotid arteries, bifurcation, and the internal and external
carotid arteries were scanned along the direction of the blood vessels to determine the intima-media thickness (IMT).?°
The plaque was defined as an IMT that “measures >1.5 mm in any segment of the carotid artery.” Carotid plaques were
divided into single (n=1) and multiple (n>2) groups. Based on the morphological and acoustic characteristics of the
plaques, they were categorized as hypoechoic, isoechoic, hyperechoic, and mixed echo plaques. Isoechoic and hyper-
echoic plaques were classified as stable plaques, whereas hypoechoic and mixed echo plaques were classified as
vulnerable plaques. Professional doctors recorded the number and characteristics of plaques using strict quality-control
procedures. Certified experimenters evaluated the inter-laboratory quality to maintain the consistency of monitoring and
testing of image collection and analysis.

CHD patients from September 1, 2014 to September 1, 2020

(N=107301)
(1)Lack of leukocyte-derived ratios data or
carotid ultrasound measurement
(N=94192)
= (2)Age less than 35 or older than 75 years,
severe liver or kidney failure, malignant
Patients enrolled tumor, cancer, blood system diseases, severe
(N=12093) active infections, acute coronary syndrome
l (N=1016)
No carotid plaque With carotid plaque
(N=3419) (N=8674)
Figure | The flow chart of screening patients.
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Statistical Analysis
IBM SPSS Statistics 25.0 (IBM Corp, New York, NY) was used for statistical analysis.

Values were presented as a percentage (%) for categorical variables and as median and interquartile range (IQR) for
continuous variables. The y” test and Kruskal-Wallis H-test were used to compare the baseline characteristics among the
four groups. Four logistic regression models were constructed: Model a, unadjusted; Model b, adjusted for age and sex;
Model ¢, adjusted for age, sex, SBP, DBP, FBG, HbAlc, smoking, and drinking; and Model d was adjusted based on
Model ¢ with TC, TG, HDL-C, LDL-C, and the use of antilipidemic medication and antihypertensive medication. The
linear relationship between independent variables was evaluated to ensure that it is appropriate to include them in the
same model. Missing values were calculated using the chain equation, and five complete datasets were created. P<0.05
was considered statistically significant.

Result

Baseline Characteristics

The participants’ characteristics are listed in Table 1. Among the 12,093 participants, 48.3% were male, with an average
age of 64 (59—69 years), and 8,674 (71.7%) had carotid plaques. Based on the MLR quartering method, the participants
were divided into four groups: Q1 (MLR < 0.20), Q2 (0.20< MLR< 0.26), Q3 (0.26< MLR< 0.35), and Q4 (MLR >
0.35). There were differences in the incidence, number, and echo characteristics of carotid plaques among the four MLR
groups (P<0.001). Compared with the Q1 group, the number of patients with carotid plaques in the Q4 group was higher.
They were more likely to be male, older, and had higher levels of FBG, HbAlc, WBC, NE, MO, NLR, dNLR, MLR,
PLR, SII, SIRI, and WMR and lower levels of TG, TC, LDL-C, LDL-C, LYM, PLT, and MNM.

Relationship Between Leukocyte-Derived Ratios and the Incidence of Carotid Plaques
The relationship between univariate analysis and the risk of carotid plaques formation showed that sex, age, SBP, DBP, FBG,
HbAlc, TC, HDL-C, LDL-C, smoking history, drinking history, and use of antihypertensive and antilipidemic medications
were associated with the incidence of carotid plaques (Table S1). Except for MNM, all leukocyte-derived ratios were related
to the incidence of carotid plaques, while MLR had the strongest relationship with the incidence of carotid plaque formation
(Table 2). After further adjustment for confounding factors, the results remained consistent (Figure 2). In the unadjusted
model, MLR was significantly associated with carotid plaque incidence (OR: 6.206; 95% CI: 4.621-8.334). After adjusting
for age, sex, SBP, DBP, smoking, drinking, FBG, HbAlc, TC, TG, HDL-C, LDL, and use of antilipidemic and antihyper-
tensive medication, the incidence of carotid plaque increased to 88.9% (OR: 1.889; 95% CI: 1.406-2.539). When MLR was
viewed as a categorical variable (quartile), the risk of carotid plaque formation in the Q4 group was 1.4 times higher than that
in the Q1 group (Figure 2). In further analysis, in the unadjusted or adjusted model, the Py .,q of MLR and carotid plaques
was consistent with the results of MLR as a continuous variable (P<0.001).

Relationship Between Leukocyte-Derived Ratios and the Number and Echo

Characteristics of Carotid Plaques

Except for MNM, all leukocyte-derived ratios were related to the number of carotid plaques; MLR was the biggest risk
factor for multiple carotid plaques found in patients with CHD (Tables S2 and S3), and all leukocyte-derived ratios were
related to the echo characteristics of the carotid plaques (Table S4). After further adjustment for confounding factors
(Table 3), MLR had the strongest relationship with hyperechoic plaques (OR: 2.024; 95% CI: 1.481-2.767). When MLR
was viewed as a categorical variable (quartile), the Q4 group was 1.516 times higher than the Q1 group (Figure 3).
Further analysis showed that the P.,q of MLR and carotid plaques was consistent with the results of MLR as
a continuous variable (P<0.001).

Relationship Between MLR and Carotid Plaques Based on Sex and Age
We also observed a significant relationship between MLR and carotid plaques in both sex (Table 4) and age (Table 5).
The relationship between MLR and carotid plaques in females (OR: 2.250; 95% CI: 1.458-3.473) was stronger than that
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Table | General Characteristics of Research Participants

Characteristic Total (N=12,093) MLR Quartile P- value
QI(N=3,019) Q2(N=3,026) Q3(N=3,026) Q4(N=3,022)

Sex <0.001
Male, n (%) 5,836(48.3) 949(31.4) 1,281(42.3) 1,632(53.9) 1,974(65.3)

Female, n (%) 6,257(51.7) 2,070(68.6) 1,745(57.7) 1,394(46.1) 1,048(34.7)

Age, years 64(59-69) 62(57-68) 64(58-69) 65(59-70) 66(61-71) <0.001
<65, years, n (%) 6,250(51.7) 1,844(61.1) 1,649(54.5) 1,464(48.4) 1,293(42.8) <0.001
265, years, n (%) 5,843(48.3) 1,175(38.9) 1,377(45.5) 1,562(51.6) 1,729(57.2)

Occupation, n (%) <0.001
Worker, n (%) 322(2.7) 77(2.6) 84(2.8) 76(2.5) 85(2.8)

Farmer, n (%) 235(1.9) 82(2.7) 62(2.0) 54(1.8) 37(1.2)
Cadre, n (%) 97(0.8) 28(0.9) 29(1.0) 23(0.8) 17(0.6)
Clerk, n (%) 630(5.2) 187(6.2) 166(5.5) 156(5.2) 121(4.0)
Retirement, n (%) 7,883(65.2) 1,774(58.8) 1,947(64.3) 2,035(67.3) 2,127(70.4)
Others, n (%) 2,926(24.2) 871(28.9) 738(24.4) 682(22.5) 635(21.0)

SBP, mmHg 140.0(128.0~157.0) 140.0(128.0-156.0) 140.0(128.0~157.0) 140.0(128.0-158.0) 140.0(128.0~157) 0.791

DBP, mmHg 82.0(77.0-90.0) 90.0(82.0-100.0) 90.0(82.0-100.0) 90.0(83.0-100.0) 90.0(82.0-100.0) 0.607

FBG, mmol/L 6.13(5.22-8.03) 6.15(5.22-8.09) 5.99(5.18-7.86) 6.12(5.23-7.99) 6.27(5.27-8.25) 0.001

HbAlc, % 6.10(5.60-7.00) 6.00(5.60-7.00) 6.00(5.60-6.90) 6.10(5.60-7.00) 6.10(5.60-7.10) 0.154

Smoking, n (%) 5,193(42.9) 1,300(43.1) 1,275(42.1) 1,298(42.9) 1,320(43.7) 0.683

Drinking, n (%) 3,762(31.1) 968(32.1) 917(30.3) 921(30.4) 956(31.6) 0.358

Use of antilipidemic medication, n (%) 8,971(74.2) 2,283(75.6) 2,271(75.0) 2,287(75.6) 2,130(70.5) <0.001

Use of antihypertensive medication, n (%) 9,156(75.7) 2,244(74.3) 2,272(75.1) 2,336(77.2) 2,304(76.2) 0.048

History of TIA or stroke(%) 63(0.5) 9(0.3) 14(0.5) 14(0.5) 26(0.9) 0.019

TC, mmol/L 4.60(3.83-5.37) 4.89(4.12-5.67) 4.70(4.02-5.42) 4.52(3.79-5.30) 4.28(3.51-5.06) <0.001

TG, mmol/L 1.46(1.02-2.15) 1.63(1.14-2.37) 1.53(1.09-2.21) 1.46(1.05-2.14) 1.26(0.87-1.85) <0.001

HDL-C, mmol/L 1.07(0.90-1.27) 1.09(0.93-1.27) 1.08(0.91-1.28) 1.07(0.89-1.27) 1.04(0.86—1.25) <0.001

LDL-C, mmol/L 2.78(2.16-3.43) 2.90(2.29-3.58) 2.85(2.26-3.46) 2.74(2.12-3.40) 2.61(1.98-3.28) <0.001

FIB, g/L 3.20(2.73-2.77) 3.02(2.61-3.47) 3.12(2.68-3.59) 3.22(2.76-3.76) 3.51(2.95-4.35) <0.001

D- dimer, mg/L 0.34(0.22-0.55) 0.29(0.19-0.46) 0.30(0.21-0.49) 0.34(0.23-0.54) 0.45(0.28-0.78) <0.001

WBC, x10°/L 6.55(5.48-7.84) 6.33(5.33-7.45) 6.44(5.44-7.62) 6.57(5.51-7.78) 7.00(5.68-8.63) <0.001

NE, x10°/L 4.21(3.37-5.29) 3.75(3.03-4.60) 4.01(3.254.90) 4.33(3.49-5.33) 4.97(3.89-6.49) <0.001

MO, x10%/L 0.43(0.33-0.54) 0.32(0.25-0.38) 0.40(0.33-0.49) 0.47(0.38-0.56) 0.56(0.45-0.70) <0.001

LYM, x10%/L 1.64(1.27-2.06) 2.03(1.67-2.47) 1.79(1.48-2.17) 1.56(1.28-1.88) 1.18(0.92-1.47) <0.001

PLT, x10°/L 221.0(185.0-261.0) 229.0(194.0-266.0) 224.0(190.0-262.0) 218.0(185.0-258.0) 210.0(170.0-254.0) <0.001

NLR 2.53(1.88-3.55) 1.82(1.43-2.30) 2.20(1.77-2.79) 2.75(2.19-3.46) 4.13(3.08-5.90) <0.001

(Continued)
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Table | (Continued).

Characteristic Total (N=12,093) MLR Quartile P- value
QI(N=3,019) Q2(N=3,026) Q3(N=3,026) Q4(N=3,022)

dNLR 1.86(1.43-2.50) 1.48(1.17-1.86) 1.69(1.36-2.12) 1.98(1.57-2.47) 2.59(1.97-3.57) <0.001
MLR 0.26(0.20-0.35) 0.16(0.14-0.18) 0.22(0.21-0.24) 0.30(0.28-0.32) 0.45(0.39-0.56) <0.001
PLR 134.53(104.72-174.28) I11.69(89.15-138.72) 124.73(100.00-154.40) 139.59(110.73-173.19) 177.55(137.59-235.14) <0.001
NI 555.48(391.34-817.46) 411.03(302.69-554.16) 490.91(366.44-666.58) 597.30(435.74-815.01) 878.63(605.85-1313.07) <0.001
SIRI 1.07(0.72—-1.66) 0.59(0.45-0.75) 0.90(0.72—1.11) 1.28(1.02—1.60) 2.27(1.67-3.38) <0.001
WMR 66.44(55.07-80.36) 64.18(53.66-76.35) 65.47(54.47-78.02) 66.60(55.19-79.77) 70.97(57.33-87.74) <0.001
MNM 6.83(4.81-9.55) 7.59(5.43-10.44) 7.17(5.15-9.95) 6.74(4.78-9.20) 5.84(3.97-8.38) <0.001
CIMT, mm, 0.10(0.09-0.12) 0.10(0.90-0.11) 0.10(0.90-0.11) 0.10(0.90-0.11) 0.10(0.90-0.12) 0.281
No. of carotid plaque, n (%) <0.001

0 3,419(28.3) 1,108(36.7) 949(31.4) 753(24.9) 609(20.2)

| 549(4.5) 132(4.4) 144(4.8) 137(4.5) 136(4.5)

22 8,125(67.2) 1,779(58.9) 1,933(63.9) 2,136(70.6) 2,277(75.3)
Carotid plaque echo property, n (%) <0.001

Hypoechoic plaque 577(4.8) 152(5.0) 146(4.8) 144(4.8) 135(4.5)

Isoechoic plaque 702(5.8) 171(5.7) 156(5.2) 181(6.0) 194(6.4)

Hyperechoic plaque 4,777(39.5) 1,015(33.6) 1,137(37.6) 1,248(41.2) 1,377(45.6)

Mixture plaque 2,618(21.6) 573(19.0) 638(21.1) 700(23.1) 707(23.4)

Abbreviations: QI, MLR < 0.20; Q2, 0.20< MLR= 0.26; Q3, 0.26< MLR< 0.35; Q4:MLR2 0.35; SBP, Systolic blood pressure; DBP, Diastolic blood pressure; FBG, Fasting blood glucose; HbAl ¢, Glycated hemoglobin Alc; TIA, Transient
ischemic attack; TC, Total cholesterol; TG, Triglycerides; HDL-C, High-density lipoprotein cholesterol; LDL-C, Low-density lipoprotein cholesterol; WBC, white blood cell; NE, Neutrophils; MO, monocyte; LYM, Lymphocyte; PLT,
Platelet; NLR, Neutrophil/Lymphocyte ratio; dNLR, Neutrophil /[White blood-Neutrophil] ratio; MLR, Monocyte/Lymphocyte ratio; Sll, systemic immune inflammation index; SIRI, system inflammation response index; PLR, Platelet/

Lymphocyte ratio; WMR, White blood/Mean platelet volume ratio; MNM, LymphocytexNeutrophil/ [0* ratio; CIMT, Carotid Intima-Media Thickness.
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Table 2 Relationship Between Leukocyte-Derived Ratios and Carotid Plaques

Variables Carotid Plaques
OR?*(95% CI) P-value OR"(95% Cl) P-value OR*(95% CI) P-value ORY(95% CI) P-value

MLR 6.206(4.621-8.334) <0.001 1.800(1.351-2.399) <0.001 1.767(1.322-2.360) <0.001 1.889(1.406-2.539) <0.001
QI (MLR = 0.20) Reference Reference Reference Reference
Q2 (0.20< MLR< 0.26) 1.269(1.141-1.412) <0.001 1.064(0.950-1.191) 0.285 1.078(0.961-1.209) 0.198 1.075(0.957-1.206) 0.219
Q3 (0.26< MLR< 0.35) 1.750(1.567—1.955) <0.001 1.245(1.106-1.402) <0.001 1.255(1.113-1.415) <0.001 1.254(1.111-1.416) <0.001
Q4 (MLRZ 0.35) 2.297(2.046-2.579) <0.001 1.376(1.214-1.561) <0.001 1.374(1.210-1.560) <0.001 1.400(1.230-1.594) <0.001
Perend <0.001 <0.001 <0.001 <0.001

NLR 1.103(1.088-1.127) <0.001 1.043(1.022—-1.064) <0.001 1.040(1.019-1.061) <0.001 1.046(1.025—-1.067) <0.001
QI (NLR =1.88) Reference Reference Reference Reference
Q2 (1.88< NLR=<2.53) 1.277(1.101-1.366) <0.001 1.103(0.984-1.237) 0.093 1.105(0.984—1.241) 0.091 1.102(0.980-1.238) 0.105
Q3 (2.53< NLR< 3.55) 1.462(1.309-1.632) <0.001 1.167(1.038-1.312) 0.010 1.143(1.015-1.287) 0.028 1.156(1.025-1.303) 0.018
Q4 (NLR23.55) 1.940(1.730-2.176) <0.001 1.367(1.210-1.545) <0.001 1.360(1.201-1.540) <0.001 1.396(1.231-1.584) <0.001
Perend <0.001 <0.001 <0.001 <0.001

dNLR 1.154(1.114-1.195) <0.001 1.072(1.035-1.110) <0.001 1.067(1.030-1.105) <0.001 1.078(1.040-1.117) <0.001
QI (dNLR <1.43) Reference Reference Reference Reference
Q2 (1.43< dNLR<1.86) 1.243(1.114-1.386) <0.001 1.119(0.996-1.256) 0.058 1.097(0.976—1.234) 0.121 1.092(0.970-1.229) 0.144
Q3 (1.86< dNLR< 2.50) 1.305(1.170-1.457) <0.001 1.110(0.998-1.248) 0.080 1.077(0.957-1.212) 0.220 1.086(0.964—1.224) 0.175
Q4 (dNLR= 2.50) 1.734(1.548—1.943) <0.001 1.324(1.173-1.495) <0.001 1.299(1.148-1.470) <0.001 1.329(1.173-1.505) <0.001
Perend <0.001 <0.001 <0.001 <0.001

PLR 1.001(1.000-1.002) 0.001 1.000(1.000-1.001) 0.139 1.001(1.000-1.001) 0.051 1.001(1.000-1.001) 0.017
QI (PLR <104.74) Reference Reference Reference Reference
Q2 (104.74< PLR<134.53) 0.933(0.835-1.043) 0.221 1.004(0.892—1.130) 0.950 1.031(0.915-1.162) 0.614 1.040(0.922-1.174) 0.519
Q3 (134.53< PLR<174.26) 0.936(0.838-1.046) 0.246 0.989(0.879-1.114) 0.860 1.032(0.915-1.164) 0.604 1.033(0.915-1.166) 0.600
Q4 (PLRZ 174.26) 1.131(1.009-1.267) 0.034 1.067(0.945-1.205) 0.292 1.116(0.987—-1.261) 0.080 1.147(1.013-1.299) 0.031
Perend 0.010 0.281 0.079 0.032

SIl (per | SD) 1.180(1.121-1.242) <0.001 1.110(1.053-1.170) <0.001 1.091(1.036—1.149) 0.001 1.094(1.038-1.153) 0.001
QI (Sll =0.72) Reference Reference Reference Reference
Q2 (0.72< SII£1.07) 1.141(1.023-1.273) 0.018 1.160(1.033-1.303) 0.012 1.152(1.025-1.296) 0.018 1.150(1.021-1.294) 0.021
Q3 (1.07< SlI<1.66) 1.315(1.177-1.469) <0.001 1.283(1.140-1.443) <0.001 1.260(1.119-1.420) <0.001 1.245(1.103-1.404) <0.001
Q4 (SII= 1.66) 1.480(1.323-1.657) <0.001 1.353(1.201-1.525) <0.001 1.314(1.164-1.484) <0.001 1.300(1.150-1.470) <0.001
Perend <0.001 <0.001 <0.001 <0.001

SIRI 1.203(1.158-1.249) <0.001 1.080(1.044-1.117) <0.001 1.065(1.030-1.101) <0.001 1.066(1.031-1.103) <0.001
QI (SIRI =391.36) Reference Reference Reference Reference
Q2 (391.36< SIRI=<555.48) 1.357(1.219-1.510) <0.001 1.183(1.056—1.325) 0.004 1.173(1.045-1.315) 0.007 1.158(1.031-1.300) 0.013
Q3 (555.48< SIRI<817.41) 1.846(1.652-2.062) <0.001 1.414(1.256-1.592) <0.001 1.364(1.210-1.538) <0.001 1.335(1.183-1.507) <0.001
Q4 (SIRIZ 817.41) 2.269(2.023-2.544) <0.001 1.546(1.366—1.749) <0.001 1.481(1.307-1.679) <0.001 1.475(1.299-1.674) <0.001
Perend <0.001 <0.001 <0.001 <0.001
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Table 2 (Continued).

Variables Carotid Plaques
OR?*(95% CI) P-value OR"(95% ClI) P-value OR€(95% CI) P-value OR9(95% CI) P-value

WMR 1.006(1.004-1.008) <0.001 1.006(1.004—1.008) <0.001 1.003(1.001-1.006) 0.001 1.003(1.001-1.005) 0.010
QI (WMR =48l) Reference Reference Reference Reference
Q2 (4.81< WMR<6.83) 1.188(1.064—1.325) 0.002 1.179(1.048-1.325) 0.006 1.133(1.007-1.275) 0.039 1.113(0.988-1.254) 0.078
Q3 (6.83< WMR<9.54) 1.255(1.097-1.368) <0.001 1.260(1.120-1.418) <0.001 1.165(1.034-1.312) 0.012 1.124(0.997-1.269) 0.057
Q4 (WMR 2 9.54) 1.440(1.286-1.611) <0.001 1.462(1.296-1.649) <0.001 1.285(1.136—1.453) <0.001 1.220(1.077-1.381) 0.002
Perend <0.001 <0.001 <0.001 0.003

MNM 1.005(0.996—-1.014) 0.295 1.022(1.012-1.032) <0.001 1.012(1.002-1.023) 0.019 1.006(0.996—1.016) 0.270
QI (MNM=428l) Reference Reference Reference Reference
Q2 (4.81<MNM=<6.83) 1.005(0.899—1.124) 0.926 1.063(0.944-1.198) 0.312 1.016(0.901-1.146) 0.793 0.984(0.872—1.111) 0.799
Q3 (6.83<MNM<9.55) 1.033(0.924-1.155) 0.569 1.138(1.010-1.282) 0.033 1.072(0.950-1.209) 0.259 1.023(0.905-1.155) 0.719
Q4 (MNM=29.55) 1.064(0.951-1.190) 0.277 1.313(1.165-1.481) <0.001 1.163(1.028-1.314) 0.016 1.080(0.953-1.223) 0.230
Perend 0.229 <0.001 0.009 0.154

Notes: Model a: unadjusted; Model b: adjusted for age, sex; Model c: adjusted for age, sex, SBP, DBP, FBG, HbA | c, smoking, drinking; Model d: adjusted for age, sex, SBP, DBP, FBG, HbA | ¢, smoking, drinking, TC, TG, HDL-C, LDL-C,
use of antilipidemic medication, use of current antihypertensive medication, history of TIA or stroke.
Abbreviations: OR, odds ratio; Cl, confidence interval; NLR, Neutrophil/Lymphocyte ratio; dNLR, Neutrophil /[White blood-Neutrophil] ratio; MLR, Monocyte/Lymphocyte ratio; PLR, Platelet/Lymphocyte ratio; SlI, systemic immune
inflammation index; SIRI, system inflammation response index; WMR, White blood/Mean platelet volume ratio; MNM, LymphocytexNeutrophil/ | 0* ratio.
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Figure 2 Relationship between MLR as well as other leukocyte-derived ratios and carotid plaques. *P < 0.05, **P < 0.01.

in males (OR:1.638; 95% CI: 1.102-2.436). The relationship between MLR and carotid plaques in patients younger than
65 years (OR: 3.597; 95% CI: 2.379-5.439) was stronger than that in those older than 65 years (OR: 1.577; 95% CI:
1.046-2.378). There is no interaction between sex and MLR, but there is a multiplication interaction between age and
MLR (Table S5).

Discussion

Our study found that leukocyte-derived ratios, including NLR, dNLR, MLR, PLR, WMR, SII, and SIRI, were
significantly related to carotid plaque formation, especially MLR. In particular, when MLR was >0.35, patients with
CHD were more likely to have carotid plaques.>' Studies have confirmed that NLR is related to the incidence and
vulnerability of carotid plaques detected using carotid ultrasound in patients with acute ischemic stroke. However, all the
participants in our study were patients with CHD, and the relationship between MLR and carotid plaque was stronger
than that between MLR and NLR.**?* More recently, some clinical studies showed that MLR was related to CHD
severity; MLR > 0.3 has predictive values for colleterial carotid stenosis and may be used as an easily accessible
indicator for AS severity. These findings were consistent with the results of the present study.

Journal of Inflammation Research 2022:15 hetps: 5149
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Table 3 Relationship Between MLR and Echo Characteristics of Carotid Plaques

Leukocyte-Derived Ratios Hypoechoic (N =577)
OR?*(95% CI) P-value OR"(95% CI) P-value OR<(95% CI) P-value OR‘(95% CI) P-value

MLR 3.516(0.994-6.199) <0.001 1.240(0.700-2.196) 0.460 1.224(0.691-2.166) 0.488 1.313(0.734-2.348) 0.359
QI (MLR = 0.20) Reference Reference Reference Reference
Q2 (0.20< MLR< 0.26) 1.121(0.879-1.430) 0.355 0.976(0.763—1.248) 0.846 0.984(0.769-1.259) 0.896 0.978(0.764-1.252) 0.861
Q3 (0.26< MLR< 0.35) 1.394(1.090-1.783) 0.008 1.061(0.824—1.366) 0.645 1.068(0.829-1.375) 0.611 1.057(0.820-1.363) 0.670
Q4 (MLRz 0.35) 1.616(1.256-2.079) <0.001 1.069(0.821-1.391) 0.622 1.066(0.818-1.388) 0.637 1.082(0.827-1.415) 0.566
Perend <0.001 0.487 0.507 0.452

Isoechoic(N =702)

MLR 5.811(3.616-9.338) <0.001 1.891(1.177-3.039) 0.008 1.889(1.171-3.046) 0.009 1.936(1.189-3.152) 0.008
QI (MLR = 0.20) Reference Reference Reference Reference
Q2 (0.20< MLR< 0.26) 1.065(0.843—1.346) 0.597 0.914(0.721-1.158) 0.455 0.926(0.730-1.175) 0.529 0.916(0.721-1.163) 0.472
Q3 (0.26< MLR< 0.35) 1.557(1.239-1.958) <0.001 1.152(0.911-1.457) 0.237 1.169(0.924-1.481) 0.194 1.173(0.924-1.488) 0.189
Q4 (MLRz 0.35) 2.064(1.643-2.593) <0.001 1.311(1.032-1.666) 0.026 1.315(1.034-1.672) 0.026 1.316(1.030-1.681) 0.028
Perend <0.001 0.004 0.004 0.004

Hyperechoic(N =4,777)

MLR 6.691(4.906-9.124) <0.001 1.984(1.464-2.690) <0.001 1.947(1.433-2.646) <0.001 2.024(1.481-2.767) <0.001
QI (MLR = 0.20) Reference Reference Reference Reference
Q2 (0.20< MLR< 0.26) 1.308(1.159-1.476) <0.001 1.105(0.973-1.255) 0.125 1.122(0.986—1.276) 0.080 1.111(0.976-1.265) 0.111
Q3 (0.26< MLR< 0.35) 1.809(1.598-2.049) <0.001 1.306(1.144-1.490) <0.001 1.317(1.153-1.505) <0.001 1.304(1.140-1.492) <0.001
Q4 (MLR= 0.35) 2.468(2.172-2.805) <0.001 1.512(1.316-1.736) <0.001 1.510(1.313-1.736) <0.001 1.516(1.315-1.748) <0.001
Perend <0.001 <0.001 <0.001 <0.001

Mixture(N = 2,618)

MLR 6.185(4.414-8.667) <0.001 1.582(1.126-2.222) 0.008 1.543(1.096-2.173) 0.013 1.751(1.237-2.478) 0.002
QI (MLR = 0.20) Reference Reference Reference Reference
Q2 (0.20< MLR< 0.26) 1.300(1.128-1.499) <0.001 1.061(0.915-1.232) 0.431 1.074(0.925-1.248) 0.347 1.085(0.933-1.262) 0.287
Q3 (0.26< MLR< 0.35) 1.798(1.556-2.076) <0.001 1.213(1.041-1.412) 0.013 1.220(1.046—1.423) 0.011 1.240(1.062-1.448) 0.006
Q4 (MLR= 0.35) 2.245(1.936-2.603) <0.001 1.243(1.060-1.458) 0.008 1.239(1.055-1.455) 0.009 1.303(1.107-1.534) 0.001
Perend <0.001 <0.001 <0.001 0.001

Notes: Model a: unadjusted; Model b: adjusted for age, sex; Model c: adjusted for age, sex, SBP, DBP, FBG, HbAIc, smoking, drinking; Model d: adjusted for age, sex, SBP, DBP, FBG, HbA Ic, smoking, drinking, TC, TG, HDL-C, LDL-C,
use of antilipidemic medication, use of current antihypertensive medication, history of TIA or stroke.

Abbreviations: OR, odds ratio; Cl, confidence interval; MLR, Monocyte/Lymphocyte ratio.
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Figure 3 Relationship between MLR as well as other leukocyte-derived ratios and the echo characteristics of carotid plaque. **P < 0.01.

MLR is an inflammatory marker that factors in LYM and MO counts. It reflects the state of systemic inflammation and
represents the degree of immune response activation in vivo.”**> Low-level inflammatory reactions attract innate and
adaptive immune cells into the atherosclerotic plaques. The decrease in absolute LYM count and increase in absolute MO
count lead to increased MLR, resulting in an imbalance in the innate and adaptive immunity. This imbalance may be the main
cause of arterial plaque formation.?® There is evidence that increased MO levels are a risk factor for coronary artery plaque
formation and cardiovascular death, and they are closely related to the pathogenesis of thrombus-related organ infarction.
A lower LYM count increases the risk of cardiovascular events and mortality. The relevant mechanism may be as follows:’
MO can accumulate, adhere, and differentiate into inflammatory dendritic cells, macrophages, and foam cells under
chemotaxis, and then activate proinflammatory cytokine secretion, matrix metalloproteinases, and reactive oxidation sub-
stances, which play a key role in the formation, development, and rupture of AS plaques.***®* LYM can regulate the
phenotype of MO; induce the expression of tissue inhibitors of metalloproteinases; and inhibit the growth, rupture, and
thrombosis of atherosclerotic plaques, which are protective factors against AS. MLR combines the increase in MO risk
factors and the decrease in LYM protective factors, which has a double risk effect on carotid plaque formation.

Notably, this study found that MLR had the highest correlation with hyperechoic plaques formation.?** The
hypoechoic plaque contains relatively more lipid components and more inflammatory substances, and the plaque
ruptures easily and is more unstable, whereas hyperechoic plaques have the opposite characteristics. Fortunately,
higher relationship between high MLR and the more stable plaque characteristics, although patients with elevated
MLR levels were at a higher risk for carotid plaque development.*'*? Evidence suggests that plaque calcification

Journal of Inflammation Research 2022:15 hetps: 5151
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Table 4 Relationship Between MLR and the Risk of Carotid Plaques in Different Sex

Variables Carotid Plaques
OR*(95% CI) P-value OR"(95% Cl) P-value OR“(95% CI) P-value ORY(95% CI) P-value

Male MLR 3.401(2.266-5.107) <0.001 1.580(1.071-2.332) 0.021 1.565(1.060-2.310) 0.024 1.638(1.102-2.436) 0.015
QI (MLR = 0.20) Reference Reference Reference Reference
Q2 (0.20< MLR< 0.26) 1.458(1.204—1.765) <0.001 1.289(1.056—1.574) 0.013 1.287(1.052-1.575) 0.014 1.280(1.045-1.569) 0.017
Q3 (0.26< MLR< 0.35) 1.761(1.462-2.120) <0.001 1.385(1.141-1.683) 0.001 1.388(1.140-1.690) 0.001 1.393(1.142-1.700) 0.001
Q4 (MLR2 0.35) 2.193(1.825-2.636) <0.001 1.520(1.252-1.846) <0.001 1.519(1.249-11.849) <0.001 1.533(1.255-1.873) <0.001
Perend <0.001 <0.001 <0.001 <0.001

Female MLR 4.152(2.736-6.301) <0.001 2.128(1.402-3.231) <0.001 2.081(1.361-3.182) 0.001 2.250(1.458-3.473) <0.001
QI (MLR = 0.20) Reference Reference Reference Reference
Q2 (0.20< MLR< 0.26) 1.089(0.955-1.241) 0.202 0.967(0.842—1.110) 0.631 0.987(0.858-1.135) 0.855 0.984(0.854—1.134) 0.823
Q3 (0.26< MLR< 0.35) 1.454(1.260-1.678) <0.001 1.188(1.020-1.382) 0.026 1.201(1.030-1.400) 0.019 1.189(1.018-1.388) 0.029
Q4 (MLRz 0.35) 1.736(1.477-2.040) <0.001 1.340(1.130-1.589) 0.001 1.332(1.120-1.582) 0.001 1.367(1.146-1.631) 0.001
Perend <0.001 <0.001 <0.001 <0.001

Notes: Model a: unadjusted; Model b: adjusted for age, sex; Model c: adjusted for age, sex, SBP, DBP, FBG, HbAIc, smoking, drinking; Model d: adjusted for age, sex, SBP, DBP, FBG, HbA I c, smoking, drinking, TC, TG, HDL-C, LDL-C,
use of antilipidemic medication, use of current antihypertensive medication, history of TIA or stroke.

Abbreviations: OR, odds ratio; Cl, confidence interval; MLR, Monocyte/Lymphocyte ratio.
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Table 5 Relationship Between MLR and the Risk of Carotid Plaques in Different Age

Variables Carotid Plaques
OR?*(95% ClI) P-value OR"(95% CI) P-value OR®(95% CI) P-value ORY4(95% CI) P-value

<65 MLR 7.185(4.793-10.771) <0.001 3.486(2.345-5.184) <0.001 3.415(2.278-5.121) <0.001 3.597(2.379-5.439) <0.001
QI (MLR = 0.20) Reference Reference Reference Reference
Q2 (0.20< MLR< 0.26) 1.266(1.106—1.449) 0.001 1.135(0.988-1.303) 0.074 1.153(1.001-1.328) 0.049 1.151(0.997-1.327) 0.055
Q3 (0.26< MLR< 0.35) 1.682(1.459—-1.940) <0.001 1.371(1.183-1.588) <0.001 1.394(1.200-1.621) <0.001 1.389(1.193-1.617) <0.001
Q4 (MLR> 0.35) 2.410(2.064-2.814) <0.001 1.821(1.550-2.140) <0.001 1.813(1.538-2.136) <0.001 1.844(1.558-2.186) <0.001
Perend <0.001 <0.001 <0.001 <0.001

265 MLR 2.573(1.702-3.889) <0.001 1.506(1.005-2.256) 0.047 1.514(1.010-2.270) 0.044 1.577(1.046-2.378) 0.030
QI (MLR = 0.20) Reference Reference Reference Reference
Q2 (0.20< MLR< 0.26) 1.101(0.914-1.327) 0.311 1.030(0.854—1.244) 0.755 1.042(0.863-1.259) 0.666 1.031(0.853-1.247) 0.750
Q3 (0.26< MLR< 0.35) 1.499(1.200-1.749) <0.001 1.240(1.024-1.502) 0.028 1.249(1.030-1.513) 0.024 1.245(1.025-1.510) 0.027
Q4 (MLR= 0.35) 1.580(1.312—-1.904) <0.001 1.219(1.004-1.481) 0.045 1.228(1.011-1.492) 0.039 1.234(1.012-1.503) 0.037
Ptrend <0.001 0.023 0.021 0.018

Notes: Model a: unadjusted; Model b: adjusted for age, sex; Model c: adjusted for age, sex, SBP, DBP, FBG, HbA | ¢, smoking, drinking; Model d: adjusted for age, sex, SBP, DBP, FBG, HbA I ¢, smoking, drinking, TC, TG, HDL-C, LDL-C,
use of antilipidemic medication, use of current antihypertensive medication, history of TIA or stroke.

Abbreviations: OR, odds ratio; Cl, confidence interval; MLR, Monocyte/Lymphocyte ratio.
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reflects the active stage of inflammation-related AS and that the degree of calcification is closely related to macrophage
infiltration. Sheet calcification is highly prevalent in stable plaques, whereas microcalcifications, punctate, and
fragmented calcifications are more frequent in unstable lesions. We speculate that the effect of MLR on plaque
homeostasis depends not only on the calcification characteristics of macrophages but also on the phenotype of
macrophages.>*-** MO are recruited to the site of ongoing inflammation and differentiate into macrophages of different
phenotypes. Both M1 and M2 macrophages contribute to plaque establishment; M1 macrophages are associated with
unstable plaques, while M2 macrophages have anti-inflammatory and fibrogenic properties and are particularly
abundant in stable zones of the plaque.

The incidence and complications of AS differ between sexes.®> Experiments conducted in animals have shown that
male animals appear to have more inflamed yet smaller plaques than that in female animals.>® Recent research shows that
NLR is closely related to the presence and severity of coronary artery disease in men but not in women. However, our
research found that the relationship between MLR and carotid plaques in women was stronger than that in men.’” This
may be related to the hormone levels in females. We also found that the relationship between MLR and carotid plaques in
patients younger than 65 years was stronger than that in patients older than 65 years. However, this may be due to the
inclusion of more patients that were younger than 65 years of age in this study, thus, creating a bias toward age.
Therefore, future research should include individuals of different ages to determine the association between MLR and
carotid plaques according to age.

This study was a cross-sectional study in a large-scale, multi-center retrospective study encompassing a large amount
of data. We established several models of confounding factors and adjusted them, and the results were convincing.
However, several limitations should be considered when interpreting the results of this study. First, this was a multicenter
study; thus, there may be bias in the measurement methods at different research centers. However, practitioners
conducted external quality assessments between the clinical laboratories in each center. Second, due to the missing
data on body mass index (BMI) and the medicine records affecting white blood cell count in this study; thus, the results
may be biased. Additionally, this was a cross-sectional study. Without considering time as a factor, it was difficult to
draw a causal conclusion; hence, this relationship needs to be verified in future prospective studies. Nevertheless, to our
knowledge, the current study is novel in that it comprehensively evaluated the relationship between leukocyte-derived
ratios and the occurrence and characteristics of carotid plaques in patients with CHD. From a clinical perspective, our
research allows us to reconsider the value of leukocyte-derived ratios, particularly MLR, as simple biomarkers for
diseases.

Conclusion

In brief, this study provided a reference value for the prevention and risk stratification of carotid plaques in patients with
CHD by studying the relationship between leukocyte-derived ratios and the incidence, number, and echo characteristics
of carotid artery plaques. In particular, as an inflammatory biomarker that encompasses both the innate and adaptive
immunity, MLR may be more valuable than other leukocyte-derived ratios for revealing the occurrence and echo
characteristics of plaques.
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