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Purpose: We investigated the hypothesis that MHR (monocyte-to-high density lipoprotein cholesterol ratio) is related to the severity
of coronary artery in ACS (acute coronary syndrome).

Methods: In this case—control study, we recruited 15,853 participants undergoing the first time percutaneous coronary intervention
(PCI) including 4093 normal controls, 10,518 chronic coronary artery disease (CAD), and 1242 ACS cases. Examination of
demographic clinical data and biochemical profiles, as well as MHR values, were performed before PCI. The relationship between
MHR and severity of coronary artery lesion in ACS was analyzed. We also used a flow cytometric assay to distinguish CD14+/CD16-
classical monocyte subsets in peripheral blood mononucleated cells from CAD patients.

Results: MHR was higher in patients with ACS compared with MHR in normal control and chronic CAD (normal control vs chronic CAD vs
ACS: 0.46 = 0.27 x 10°/mmol vs 0.53 + 0.29 x 10°/mmol vs 0.73 + 0.47 x 10°/mmol, P < 0.001). MHR showed a significantly progressive
increase as the angiographic severity of coronary lesions increased (single vessel lesion vs multi-vessel lesions in ACS: 0.54 + 0.31 x 10%/mmol
vs 0.58 +0.35 x 10°/mmol, P < 0.001), and classical monocyte subset to HDL-C ratio (CMHR) was increased in with CAD patients compared
with control [4.69 (IQR, 1.06, 2.97) x 10°>/mmol vs 1.92 (IQR, 0.92, 3.04) x 10*/mmol, P = 0.02]. Using a multivariate analysis, after adjusting
for age, gender, body mass index (BMI), diabetes, and dyslipidemia, MHR was positively associated with multi-vessel lesions in ACS [OR (odds
ratio): 1.28 (95% CI: 1.03-1.59, P = 0.029)].

Conclusion: MHR level could be a potential predictor of coronary artery lesion severity in ACS.

Keywords: MHR, CAD, ACS, multi-vessel lesions, CMHR

Introduction

Coronary heart disease (CHD) remains the leading cause of death worldwide.! Coronary atherosclerosis is considered to
be a prerequisite for coronary events.” Acute coronary syndrome (ACS) presents as unstable angina and/or acute
myocardial infarction and for the reason of myocardial ischemia which may require immediate reperfusion therapy.’
The complexity of atherosclerotic cardiovascular disease pathogenesis poses significant challenges to making decisions
about effective and targeted treatments. The use of multi-marker algorithms will improve predicting cardiovascular
disease risk and decision-making.’
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Inflammation has been shown to be an important factor in promoting the development of atherosclerosis.* The
atherosclerotic plaque develops as the monocytes infiltrate the intimal area of the coronary artery and mature into
a macrophage and phagocytose oxidized low-density lipoprotein.” Chronic low-grade inflammation causes the plaque’s
destabilization and promotes plaque lesion progression and further plaque rupture results in obstructed blood flow. As
a consequence, ACS leads to myocardial necrosis. Inflammation responds immediately at the site of necrosis and affects
cardiac remodeling and recovery from myocardial infarction.®’

Circulating monocytes, monocytes from the splenic reservoir, and newly formed monocytes in the bone marrow are
mobilized and recruited to the site of necrosis and are involved in healing after AMIL*? TAPP et al showed that blood
concentration of classical monocytes (CD14++CD16-) and intermediate monocytes (CD14++CD16+) in peripheral blood
peaked on day one and three following an MI onset.'” Monocytes significantly correlated with biomarkers, cardiac
markers, and clinical outcomes such as left-ventricle ejection fraction (LVEF) regarding ACS and may be a prognostic
factor in MI recovery."'

Monocyte-to-lymphocyte ratio (MLR) and other hematological indices had been testified to their prognostic and
diagnostic value in severity of coronary artery disease and metabolic diseases.'>'> Monocyte count to HDL cholesterol
ratio (MHR), as an inflammatory prognostic maker, had been proved to play roles in prognosticating in-hospital major
adverse cardiac events and mortality in patients with ST-segment elevation myocardial infarction (STEMI) undergoing
the first time percutaneous coronary intervention (PCI) and angiographic no-reflow after PCL'*'® However, the role of
MHR in the prediction of ACS severity is still unknown. Therefore, in this study, we hypothesized MHR is an
independent risk factor of multi-vessel lesions in ACS and could predict the severity of ACS and be valuable in the
patient risk-stratify.

Materials and Methods
Study Population

We designed this one-center, case-controlled trial and recruited 15,853 participants who underwent the first time PCI
between January 2015 and January 2018 in the First Affiliated Hospital of Xinjiang Medical University. All participants
provided written informed consent. The participants included patients presenting with ACS, patients presenting with
chronic CAD (patients who had coronary sclerosis but did not present acutely), and participants with normal angio-
graphy, Figure 1. Patients were excluded if they had regional wall motion abnormalities, relevant valvular abnormalities
in echocardiograms, carotid atherogenesis, acute inflammatory diseases, tumors, autoimmune disease, and severe hepatic
and renal dysfunction. The study was following the Declaration of Helsinki guidelines and was approved by the Ethics
Committee of the First Affiliated Hospital of Xinjiang Medical University.

Anthropometric Measurements

An interview-based questionnaire was used to collect the following information: general health status, demographic
status, cardiovascular risk factors (including hypertension, diabetes, smoking, drinking et al), medical history [including
history of medication, stroke and CVD (CVD: cerebrovascular disease)] and clinical presentation. Evidence of CAD in
a parent or sibling was considered as a positive family history of CAD. We also performed a physical examination in
which height, body weight (BW), systolic blood pressure (SBP) and diastolic blood pressure (DBP), etc. The formula of
weight BW (kg)/height (m2) was used to calculate the BMI. Hypertension was defined as systolic pressure (SBP) >140
mmHg and/or diastolic pressure (DBP) >90 mmHg or self-reported use of antihypertensive medication regardless of
measured blood pressure.

Complete Blood Counting Test and Biochemical Assays

Complete blood counts and biochemical tests were performed at the Clinical Laboratory Center of the First Affiliated
Hospital of Xinjiang Medical University. Complete blood counts including the concentration of white blood cells,
neutrophils, lymphocytes, monocyte, hemoglobin, and platelet were performed by a Sysmex XN 2000 hematology
analyzer (Tokyo, Japan). Venous blood was collected in a 5-mL tube with EDTA and processed to obtain plasma within 4
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Figure | A study flow chart.
Abbreviations: PCl, percutaneous coronary intervention; CAD, coronary artery disease; MHR, monocyte-to-high density lipoprotein cholesterol ratio; ACS, acute
coronary syndrome.

hours in the cardiology department of our hospital. The serum concentration of total cholesterol, low-density lipoprotein
cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C), triglyceride, creatinine (Cr), and blood glucose were
measured using equipment for chemical analysis (Dimension AR/AVL Clinical Chemistry System, Newark, NJ, USA).

Flow Cytometry

The patient’s whole blood was separated at 3500 x g for 15 min at room temperature. Ficoll-Paque PLUS was added to the tubes
with the plasma, and the tubes were centrifuged for 30 minutes at 400 x g at room temperature. The supernatants were then
centrifuged at 400 x g at room temperature for 10 min. Peripheral blood mononuclear cells (PBMCs) were gathered following
centrifugation. Peripheral blood mononuclear cell phenotypic identification with flow cytometry. PBMCs were washed twice with
cold PBS and incubated with FITC-labeled CD14 and PE-labeled CD16 antibodies for 30 min at 4°C in the dark. After washing
with cold PBS, cell preparations were immediately analyzed on an LSRFortessa flow cytometer (BD Immunocytometry Systems,
San Jose, CA, USA). Data were analyzed using FlowJo software (version V10; Tree Star, Inc., Ashland, OR, USA). Information
on the antibodies used in this assay is given in Supplemental Table S1.
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Invasive Coronary Angiography

Using the Seldinger technique, invasive coronary angiography was performed using the radial and femoral routes. All PCI
procedures were performed by experienced interventional cardiologists. At least three experienced interventional cardiologists
reviewed the PCI tomography and decided on the vessel lesion numbers according to angiographic measurements. It was defined
as multi-vessel lesions in ACS if the number of vessel lesions was two or more.

Statistical Analysis

Data analysis was performed using the SPSS version 26.0 statistical software package (Chicago, IL, USA). Normally distributed
data were expressed as the mean + SD and analyzed using a ¢-test. Non-normally distributed data were expressed using the median
with interquartile range (IQR) and analyzed by the rank-sum test. Categorical variables were compared using the Chi-square or
Fisher’s test. Following univariate analysis, multivariate logistic regression models were built to analyze the possible predictors of
CAD, ACS, and coronary artery lesion severity in ACS. We analyzed associated factors of coronary artery disease by comparing
them to normal control, analyzed associated factors of ACS by comparing them to CAD, and analyzed associated factors of
coronary artery lesion severity by comparing them to single vessel lesions in ACS. The receiver operating characteristic (ROC)
curves were drawn using the GraphPad Prism 8 software. It was considered statistically significant as P < 0.05.

Results
Clinical and Laboratory Properties of ACS, Chronic CAD, and Control Subjects

The basal demographic properties, cardiovascular risk factors, medication history, comorbidities, lipid profiles, creatinine levels,
coronary vessel lesions and hematological variables of the study groups and subgroups are shown in Table 1 and Supplemental
Table S2. In this study, a total of 15,853 participants had percutaneous coronary intervention (Figure 2); 4093 patients (25.8%) had
normal coronary arteries; 10,518 patients (66.3%) had chronic CAD, and 1242 patients (7.8%) were diagnosed as ACS.
Compared with the normal group, patients of chronic CAD and ACS tended to be older, obese, more often male, and had higher

Table | Clinical and Laboratory Properties of Study Groups

Variable Normal Chronic ACS (n = 1242) Pt}-value
(n = 4093) CAD
(n=10518) Total Single Vessel Double or More P*-value
Lesion Vessel Lesions
(n=773) (n = 469)
Age (years) 55.39 £ 11.00 59.57 £ 10.75 5741 £ 11.50 56.09 + |1.33 59.58 + | 1.46 <0.001 <0.001
Male, n (%) 2139 (52.3) 7520 (71.5) 1045 (84.1) 647 (83.7) 398 (84.9) 0.59 <0.001
BMI (kg/mz) 25.60 + 3.98 26.16 + 3.81 25.72 + 3.58 2577 + 3.57 25.64 + 3.60 0.51 <0.001
SBP (mmHg) 129 + 30 141 + 32 132 + 32 130.72 + 32.56 134.43 + 31.09 0.06 <0.001
DBP (mmHg) 82+ 18 87 £ 19 83+ 19 82.89 + 18.68 84.17 £ 19.95 0.28 <0.001
LVEF, (%) 61.71 £ 855 61.13 +837 58.52 + 8.81 59.04 £ 9.14 57.73 £ 823 0.03 <0.001
Blood glucose (mmol/L) 532+ 1.8l 6.08 + 2.55 701 +336 6.83 +3.22 7.31 +3.58 0.02 <0.001
Hypertension, n (%) 1499 (36.6) 6004 (57.1) 560 (45.1) 325 (42.0) 235 (50.1) 0.0l <0.001
Diabetes, n (%) 673 (16.4) 3753 (35.7) 632 (50.9) 379 (49.0) 253 (53.9) 0.09 <0.001
Smoker, n (%) 883 (21.6) 4451 (42.3) 620 (49.9) 388 (50.2) 232 (49.5) 0.80 <0.001
Drinking, n (%) 557 (13.6) 2493 (23.7) 334 (26.9) 218 (28.2) 116 (24.7) 0.18 <0.001
Dyslipidaemia, n (%) 1645 (40.2) 5527 (52.5) 628 (50.6) 399 (51.6) 229 (48.8) 0.34 <0.001
Family history of CAD, n (%) | 1000 (24.4) 2680 (25.5) 324 (26.1) 182 (23.5) 142 (30.3) 0.0l 033
Medication
Aspirins, n (%) 46 (1.1) 340 (3.2) 38 (3.1) 9(1.2) 29 (6.2) <0.001 <0.001
ACEI/ ARB, n (%) 72 (1.8) 482 (4.6) 49 (3.9) 17 (2.2) 32 (6.8) <0.001 <0.001
Statins, n (%) 41 (1.0) 358 (3.4) 30 (2.4) 8 (1.0) 22 (4.7) <0.001 <0.001
Beta blocker, n (%) 54 (1.3) 311 (3.0) 33 (27) 17 2.2) 16 (3.4) 0.20 <0.001
Comorbidities
History of stroke, n (%) 10 (0.2) 45 (0.4) 5 (0.4) 2 (03) 3(0.6) 030 027
Known CVD, n (%) 952 (23.3) 3915 (37.2) 331 (26.7) 175 (22.6) 156 (33.3) <0.001 <0.001
(Continued)
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Table | (Continued).

Variable Normal Chronic ACS (n = 1242) P-value
(n = 4093) CAD
(n=10,518) Total Single Vessel Double or More P*-value

Lesion Vessel Lesions

(n=773) (n = 469)
TC (mmol/L) 4.07 + 1.03 4.08 = I.15 392+ 1.18 393+ 1.23 3.90 = 1.09 0.66 0.06
LDL-C (mmol/L) 2.53 £ 0.80 2.54 £ 0.93 247 £ 0.94 2.46 = 0.95 2.50 + 0.93 0.49 <0.001
HDL-C (mmol/L) 1.13 £ 053 1.03 + 0.49 0.95 + 0.81 0.98 + 0.97 0.89 + 0.45 0.05 <0.001
TG (mmol/L) 1.64 £ 1.11 1.95 + 1.27 1.95 + 1.30 1.99 + 1.35 1.87 £ 1.21 0.09 <0.001
Creatinine (umol/L) 69.40 £ 17.51 7451 + 1858 77.10 £ 19.15 75.86 * 18.66 79.09 £ 19.77 <0.001 <0.001
WBC (x10%/L) 6.57 +1.98 6.95 £ 1.98 8.14 + 2.69 8.09 +2.73 822 + 262 0.40 <0.001
Neutrophil (%) 56.98 £ 10.71 59.17 £ 10.43 63.92 + 12.49 63.35 £ 12,61 64.86 £ 12.25 0.04 <0.001
Lymphocyte (%) 32.53 £ 9.31 30.50 £ 9.13 25.48 + 9.69 26.08 £ 10.01 24.48 £+ 9.07 0.01 <0.001
Monocyte (%) 7.10 £ 2.54 7.08 £ 242 745+ 274 7.39 275 7.54 £ 272 0.35 <0.001
Hemoglobin (g/L) 137.37 + 16.41 140.11 + 16.81 139.27 + 16.28 140.16 + 16.71 137.79 + 15.46 0.0l <0.001
Platelet (x10°/L) 209.43 * 66.17 208.61 * 64.72 233.18 £ 79.21 231.44 + 82.33 236.06 * 73.78 0.32 <0.001

Notes: The chronic CAD group, which embraced patients who did not present acutely but had CAD or coronary sclerosis. Pt value for the comparison of the group with
normal coronary arteries, the group with chronic CAD, and the group with ACS (total). P* value for the comparison of the subgroup with single vessel lesions and the
subgroup with multi-vessel lesions [two and more] lesions in the group with ACS.

Abbreviations: CVD, cerebrovascular disease; CAD, coronary artery disease; ACS, acute coronary syndrome; BMI, Body mass index; SBP, systolic blood pressure; DBP,
diastolic blood pressure; LVEF, Left Ventricle Ejection fraction; FBG, fasting blood glucose; TG, triglyceride; TC, total cholesterol; LDL-C, low-density lipoprotein cholesterol;
HDL-C, high-density lipoprotein cholesterol.

blood pressure, blood glucose, and more cardiovascular risk factors, such as hypertension, family history of CAD, dyslipidemia,
and lower LVEF. ACS patients tended to take more medications such as aspirin, angiotensin-converting enzyme inhibitors
(ACEI)/angiotensin receptor blockers (ARB), and statins compared with normal control, but less than chronic CAD patients.
Compared with ACS patients with single vessel lesions, those with multi-vessel lesions groups had more family
history of CAD, higher creatinine levels, more hypertension, higher blood glucose, higher neutrophil, lower lymphocyte,

1 *kk

MHR(109/mmOIIIZ'l OQJ
© = N W & 0o
MHR(10°’mmol/l)

Figure 2 MHR levels increase in CAD and ACS patients. (A (a)) Comparison of monocyte to high-density lipoprotein cholesterol ratio (MHR) levels between control, CAD
and ACS patients, (A (b)) Comparison of MHR levels between single vessel lesions and multi-vessel lesions in ACS patients. (B) Representative coronary angiogram in
control [(B (a)) normal left anterior descending coronary artery], CAD [(B (b)) thrombus in the proximal and distal left anterior descending coronary artery in CAD
patient] and ACS patients [(B (c)) thrombus in the proximal and distal left anterior descending coronary artery in ACS patient and (B (d)) thrombus in the right coronary
artery in ACS patient]. (C) The part circled in red showed a scattergram of monocytes in blood cell counting tests. (C (a)) normal control; (C (b)) CAD patient; (C (c)) ACS
patient with single vessel lesion; (C (d)) ACS patient with multi-vessel lesions. ***P<0.001.

Abbreviations: MHR, monocyte to high-density lipoprotein ratio; CAD, chronic coronary artery disease; ACS, acute coronary syndrome.
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and lower hemoglobin (P < 0.05 respectively). Also, ACS patients with multi-vessel lesion groups took more medicine
including aspirins, ACEI / ARB, and statins (P < 0.05, respectively, Table 1).

Clinical and Laboratory Properties of the Study Groups According to the Median of
MHR

We also categorized participants into two groups according to a median of MHR on admission (MHR median: 0.46;
lower half: <0.46, n = 7938; upper half: > 0.46, n = 7916). Table 2 presents the clinical, and laboratory properties of the
study groups according to a median of MHR on admission. Patients with MHR higher than 0.46 showed young age, more
males, higher BMI, blood glucose and hypertension, lower LVEEF, higher rates of diabetes, smoking, and dyslipidemia (P
< 0.001 respectively); lower level of total cholesterol, LDL cholesterol, HDL cholesterol and higher level of triglycerides
and creatinine (P < 0.001 respectively); higher WBC count, neutrophil count, hemoglobin and platelet count and lower
level of lymphocyte count (P < 0.001 respectively).

Table 2 Clinical and Laboratory Characteristics of Participants Based on Median MHR

Variable Lower Half of MHR | Upper Half of MHR P value
(<0.46, n = 7938) (>0.46, n = 7916)
Age (years), 59.24 £ 10.78 5741 £ 11.19 <0.001
Male, n (%) 4301 (54.2) 6403 (80.9) <0.001
Body mass index (kg/m?) 2541 + 3.78 26.56 + 3.83 <0.001
SBP (mmHg) 13691 + 31.79 138.36 + 32.49 0.006
DBP (mmHg) 84.60 + 17.98 87.06 = 19.98 <0.001
LVEF (%) 61.73 £7.89 60.43 £ 9.01 <0.001
Blood glucose (mmol/L) 5.76 + 2.35 6.15 £ 2.62 <0.001
Uric Acid (ummol/L) 302.54 + 86.09 330.36 + 95.17 <0.001
Hypertension, n (%) 3972 (50.0) 4091 (51.7) 0.039
Diabetes, n (%) 2172 (27.4) 2886 (6.5) <0.001
Current smoker, n (%) 2356 (29.7) 3598 (45.5) <0.001
Dyslipidaemia, n (%) 3573 (45.0) 4227 (53.4) <0.001
Family history of CAD, n (%) 1989 (25.1) 2015 (25.5) 0.57
Medication
Aspirins, n (%) 219 (2.8) 205 (2.6) 0.51
Clopidogrel, n (%) 8 (0.1) 7 (0.1) 0.81
ACEI/ ARB, n (%) 306 (3.9) 297 (3.8) 0.74
Statins, n (%) 222 (2.8) 207 (2.6) 0.48
Betablocker, n (%) 204 (2.6) 194 (2.5) 0.63
Comorbidities
History of stroke, n (%) 31 (0.4) 29 (0.4) 0.81
Known CVD, n (%) 2588 (32.6) 2610 (33.0) 0.62
Total cholesterol (mmol/L) 4.17 £ 1.13 396 = 1.10 <0.001
LDL-C (mmol/L) 2.59 £ 091 247 £ 0.89 <0.001
HDL-C (mmol/L) 1.24 + 0.68 0.86 = 0.21 <0.001
Triglycerides (mmol/L) 1.68 £ 1.10 2.06 + 1.34 <0.001
Creatinine (umol/L) 70.75 £ 17.69 76.07 £ 18.95 <0.001
White blood cell (x10%/L) 6.17 £ 1.71 773 £2.13 <0.001
Neutrophil (%) 58.17 £ 11.40 59.79 + 10.12 <0.001
Lymphocyte (%) 3233 £9.74 28.92 + 8.68 <0.001
Monocyte (%) 6.08 £ 2.02 8.16 £ 246 <0.001
Hemoglobin (g/L) 137.25 + 15.85 14143 = 17.27 <0.001
Platelet (x10°/L) 204.80 + 61.76 216.70 £ 70.74 <0.001

Abbreviations: MHR, monocyte to high-density lipoprotein ratio; CAD, chronic coronary artery disease; CVD,
cerebrovascular disease; ACEI/ARB, angiotensin-converting enzyme inhibitor/ angiotensin receptor blocker; SBP,
systolic blood pressure; DBP, diastolic blood pressure; LVEF, Left Ventricle Ejection fraction; LDL-C, low-density
lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol.
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Angiographic Severity of Coronary Artery Disease and MHR Levels

Figure 2A presents MHR levels according to the angiographic severity of coronary artery disease in ACS. Compared
with normal control, the MHR level in both chronic CAD, and total ACS groups increased significantly (0.46 + 0.27 x
10°/mmol vs 0.53 + 0.29 x 10°/mmol vs 0.73 + 0.47 x 10%/mmol, P < 0.001). In the subgroup of ACS, MHR showed
a significantly progressive increase in ACS patients with multi-vessel compared with those with single vessel lesions
(0.54 + 0.31 x 10°/mmol vs 0.58 + 0.35 x 10°/mmol, P < 0.001, Figure 2B). Figure 2C also presents representative
monocytes count in control, chronic CAD, and ACS patients (single vessel and multi-vessel lesions).

Flow Cytometry Identification of Classical Monocytes

The monocyte subsets in PBMCs from healthy and CAD were analyzed by flow cytometry. We used an exclusion gating
strategy to identify monocytes and to separate the CD14+/CD16- classical monocytes (CM) and the CD14°%/CD16+
nonclassical monocytes (NCM) (Figure 3A). Compared with normal control, the CM concentration in the chronic CAD
group increased significantly [1.64 (IQR, 0.57, 2.52) x10°/L vs 4.12 (IQR, 2.50, 7.22) x10%/L, P = 0.002, Figure 3B].
And the CMHR level of CAD group was significantly higher than the control group [1.92 (IQR, 0.92, 3.04) x10° /L vs
4.69 (IQR, 1.06, 2.97) x 10*/L, P = 0.02, Figure 3C].

Predictors Analysis of ACS

Firstly, a univariate logistic regression model was built to analyze the possible predictors of total CAD (including chronic CAD
and ACS, P <0.05), and a significant association was found between MHR and total CAD (Supplemental Table S3). We found
that age, male, body mass index, blood glucose, triglycerides level, WBC count, neutrophil count, platelet count, and MHR were
significantly associated with CAD.

Multivariate logistic regression analysis showed that male (OR: 1.68; 95% CI: 1.37-2.08, P < 0.001), BMI (OR: 1.50;
95% CI: 1.26-1.80, P<0.001), LVEF (OR: 0.98; 95% CI: 0.97-0.99, P < 0.001), neutrophil count (OR: 1.03; 95% CI:
1.03-1.04, P < 0.001), platelet count (OR: 1.00; 95% CI: 1.00-1.01, P <0.001) and MHR (OR: 2.85; 95% CI: 2.31-3.53,
P < 0.001) were independent predictors of ACS after adjustment of all other variables (Supplemental Table S4).

Predictors Analysis of ACS with Multi-Vessel Lesions

According to univariate analysis, compared with single vessel lesions in ACS patients, we found that age, male, body
mass index, blood glucose, WBC count, neutrophil count, lymphocyte count, platelet count, and MHR were significantly
associated with multi-vessel lesions in ACS patients (P < 0.05). Multivariate logistic regression analysis showed that age
(OR: 1.02; 95% CI: 1.02—1.03, P < 0.001), male (OR: 1.49; 95% CI: 1.32-1.67, P < 0.001), BMI (OR: 1.02; 95% CI:
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Figure 3 Flow cytometric analysis of classical monocyte subsets and CMHR between control and CAD patients. (A) PBMCs from a representative blood donor were
labeled with anti-CD45, -CD 14, -CD 16, and-CD66b antibodies. Classical monocytes were identified using a gating strategy. (B) The number of CM increases dramatically
following CAD compared with controls. (C) Comparison of CMHR levels between control and CAD patients (n=10-27, *P<0.05, **P<0.01).
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Table 3 Univariate and Multivariate Logistic Regression Analyses for Predictors of ACS
Patients with Multi-Vessel Lesions

Univariate Multivariate Analysis

Analysis

P-value P-value OR 95% CI
Age (years) <0.001 <0.001 1.02 1.02-1.03
Male, n (%) <0.001 <0.001 1.49 1.32-1.67
Body mass index (kg/m?) 0.01 0.003 1.02 1.01-1.03
Blood glucose (mmol/L) <0.001 <0.001 1.06 1.04-1.07
White blood cell (%) <0.001
Neutrophil (%) <0.001
Lymphocyte (%) <0.001
Platelet (x107/L) <0.001 <0.001 1.00 1.00-1.00
MHR <0.001 0.029 1.28 1.03-1.59
Constant <0.001 0.06

Abbreviations: Cl, confidence interval; OR, odds ratio; ACS, acute coronary syndrome; CAD, chronic
coronary artery disease.

1.01-1.03, P = 0.003), blood glucose (OR: 1.06; 95% CI: 1.04-1.07, P < 0.001), platelet count (OR: 1.00; 95% CI: 1.00—
1.00, P <0.001) and MHR (OR: 1.28; 95% CI: 1.03—1.59, P = 0.029) were independent predictors of multi-vessel lesions
in ACS after adjustment of all other variables (Table 3).

The ROC analysis and area under the curve (AUC) concerning the outcome are shown in Figure 4. The ROC curve
constructed showed that MHR with AUC: 0.60 and cutoff value of 0.5, P < 0.001 was a good predictor of CAD
(sensitivity of 48.93% and specificity of 65.48%, Figure 4). In addition, MHR could be used to discriminate ACS patients
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Figure 4 Receiver operating characteristic (ROC) curve analysis of the predictive parameters. ROC curves of the (A) monocyte to high-density lipoprotein cholesterol
ratio (MHR), (B) left Ventricle Ejection fraction (LVEF), (C) white blood cell (WBC), (D) neutrophil (NE), (E) blood platelet and (F) lymphocyte (LY). The graphs indicated
cutoff values with respective sensitivity and specificity levels and area under curve (AUC) values with 95% confidence intervals.
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from chronic CAD patients with an AUC value of 0.65, P < 0.001. And the cutoff value was 0.57 with a sensitivity of
60.71% and a specificity of 64.19% (Figure 4).

Discussion

In this study, we found that MHR levels were higher in ACS patients compared with patients of chronic CAD and normal
controls, and MHR showed a significantly progressive increase as the extent of angiographic lesions deteriorated.
Moreover, MHR values were independently associated with angiographic severity of coronary arteries in ACS.
CMHR was associated with chronic CAD.

In ACS, myocardial infarction results from sustained ischemia and oxygen deprivation. The innate immune system
mediates both injury and repair. In the early phase, monocytes are mobilized and act as mediators of injury, whereas in
the later phase, they become polarized and mediate remodeling. This complex biological process plays a critical role in
cardiac remodeling and recovery.”® As the innate immune system initiates, monocytes are major players in inflammation
and thrombosis, attending the process of phagocytosis, cytokine production, and tissue repair.’” In a steady state,
patrolling monocytes account for 3-8% of blood leukocytes and defense the body from microorganisms and mediating
inflammatory responses. In the 1970s, the accumulation of monocytes in atherosclerotic lesions in pigs was reported, and
monocytes were involved in the formation of atherosclerotic plaques.?' Increased monocyte-platelet aggregates in ACS
patients persist even one month after the acute event.”” In addition, particles from monocytes are present in large
numbers in patients with ACS.>

Olivares et al showed a significantly higher percentage of monocytes in subjects who developed coronary artery
disease.>* There are three major subsets for human monocyte and they differ in various states.> The first subset referred
to non-classic monocytes, which express low levels of CD14 and high levels of CD16 (CD14+CD16++), and they play
important roles in monitoring healthy tissues and atherosclerotic plaque formation.”® A second human monocyte subset is
called classical monocytes (CM) expressing CD14++CD16-, and the third monocyte subset is called the intermediate
monocyte (IM) expressing CD14 and CD16 (CD14++CD16+).>’® CM and IM peak at one day after MI onset and act as
players in inflammation,'” then, they can differentiate into macrophage and play roles in injury tissue repair. Based on
these mechanisms, monocyte count has been evaluated as a potential marker of coronary events.*

The transition of stable CAD to ACS is associated with the escalation of inflammatory processes largely dependent on
monocyte-related actions.”” Berg et al showed that evaluation of the classical CD16- monocyte subset allowed for
independent predicted future risk of cardiovascular disease.*® The number of CD16-expressing monocytes is higher in
patients with acute myocardial infarction.'' To the best of our knowledge, this is the first time that we evaluate the
association between CMHR and CAD, and we found that CM concentration is increased in CAD, as well as CMHR in
CAD compared to controls, making it an important role in predicting CAD.

HDL cholesterol shows its role in oxidation and inflammation. HDL prevents monocyte recruitment into the arterial
wall by reducing the F-actin content of monocytes, thereby reducing the expression of CD11b on monocyte and
endothelial adhesion molecules and thus inhibiting monocyte adhesion to the endothelium.>' HDL cholesterol plays an
important role in inhibiting the oxidative modification of low-density lipoprotein cholesterol and expression of adhesion
molecules in endothelial cells, preventing monocyte activation and spreading and also inhibiting activated monocytes
thus reducing the recruitment of monocytes into the artery wall, suppressing monocyte differentiation to macrophages
and protects against the development of atherosclerosis.**>°

Previous large epidemiological and prospective population studies have shown that serum HDL cholesterol levels are
negatively associated with the risk of coronary heart disease.*® In 115 patients, the presence and extent of CAD were strongly
associated with a decrease in HDL cholesterol.*” One study showed that HDL function was significantly impaired in 150 patients
with ACS and that impaired HDL function was also associated with higher odds of developing ACS.*® These findings closely
agree with the recent report where HDL was the best predictor of both the presence and extent of CAD.*

Given these two interactive parameters combined, could they effectively predict the inflammation even the myocar-
dial infarction severity? In previous studies, the MHR was associated with cardiovascular diseases. Karatas found that
elevated MHR levels were associated with in-hospital MACE.'* Previous studies have found that ACS patients with
elevated MHR values showed a 1.4-fold higher incidence of hospitalization and long-term MACEs compared with ACS
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patients with lower MHR values.*® Acikgoz showed that increased MHR could predict in-hospital mortality (HR = 3.745,
95% CI: 1.308-5.950) and five-year mortality (HR = 2.048, 95% CI: 1.225-4.091, P = 0.014) in ST-segment elevation
myocardial infarction." Cicek et al showed that higher admission MHR was associated independently with increased in-
hospital, longer hospital stays, and increased short-term and long-term mortality in STEMI patients who undergo PCI
successfully the first time.*' Canbolat et al showed that pre-procedural MHR levels are an independent predictor of atrial
fibrillation recurrence after cryoballoon-based catheter ablation.'”> Ucar et al showed that elevated MHR is a potential
marker of bare metal stent restenosis.'®

As mentioned above, elevated MHR proved to be associated with inflammation and a strong predictor for adverse
cardiovascular events, bare metal stent restenosis, and even atrial fibrillation recurrence after ablation.'***

In our study, we found that MHR on admission was an independent predictor of CAD, ACS, and even ACS with
multi-vessel lesions. Since the monocytes play critical roles in the inflammation and recovery after MI and HDL
cholesterol plays critical roles in anti-inflammation and oxidation, the new combined MHR parameter might be an
“inflammatory and severity marker” in ACS patients. These findings are likely to help clinicians predict coronary artery
lesion severity in ACS and aid in decision-making for the treatment.

MHR results are more readily available in clinical work. And one routine blood examination and blood lipids are
enough to obtain valuable predictive marker of the MHR, which is faster and simpler.

Further more, according to our investigation, MHR can positively predict coronary artery disease and multi-vessel
lesions in acute coronary syndrome, this indicator is highly variable predictor of patient outcomes. This can attract the
attention of clinical experts early and can also help clinicians examination and treatment, providing a strong basis for
patients to receive treatment early.*>**

Finally, MHR provides a new idea of whether there is a ratio association between monocytes and other cells in the
blood vessel, and if so, whether it can improve our diagnostic accuracy of disease.

Limitations

There are some limitations in the study although the sample size of this study is relatively large, all participants are tested
by PCI and statistics are well powered. First, it is a single-institute study design and these data need to be confirmed in
multicenter studies in the future. Second, we are still investigating the association between MHR and ACS mortality,
although we find positive results up to now (data not shown). Third, a large sample size will be designed to evaluate the
roles of CMHR in predicting coronary artery lesion severity in ACS. Despite these, we think that our study may be of
interest as we find MHR on admission is a valuable predictor of coronary artery lesion severity in ACS.

Conclusion
In conclusion, we consider that MHR on admission could be helpful to predict coronary artery lesion severity especially
multi-vessel lesions in ACS.
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