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Abstract : Background : Monocytes and tissue macrophages play a pivotal role in
atherosclerotic plaque formation. HDL cholesterol has an anti-inflammatory effects and can
inhibite monocyte activation. The ratio of monocyte count/HDL cholesterol (MHR) is a
parameter that has recently been studied and can widely used and also has a value of
prognosis. The RMH predictive value for assessing the severity of coronary artery has not
been widely studied. This study aims to evaluate whether the MHR value can be a predictor of
the severity of coronary artery lesions in patients with acute coronary syndromes (ACS).
Methods : This retrospective cohort study of 97 patients with ACS undergoing coronary
angiography and treatment at Adam Malik Hospital from January 2015 — April 2018. Patients
were divided into two groups based on Gensini score, severe coronary lesions (Gensini > 30)
and mild coronary lesions (Gensini < 30). Bivariate, multivariate and correlation analysis were
performed to find the relationship between MHR and Gensini score as well as finding
meaningful RMH cutoff points. The p value < 0.05 was considered statistically significant.
Results : Of the 97 patients with ACS, 48 subjects (49.5%) were scored with a high Gensini
score and 49 subjects (50.5%) with low Gensini score. The ROC curve analysis obtained
MHR cutoff value in predicting the severity of coronary artery lesion was 0.021 (AUC 0.725,
95% CI 0.623-0.827, p<0.046)with a sensitivity of 70.3% and specificity of 45%. This study
found a significant relationship but with a weak correlation between MHR value and Gensini
score (p=0.006)(r=0.252). Logistic regression analysis showed MHR value > 0.021 (OR 2.68,
95%CI 1.069-6.716, p=0.035) along with moderate to high TIMI score (OR 4.682, 95%ClI
1.445-15.168, p<0.01) became an independent factor for predicting the severity of coronary
artery lesions.

Conclusion : There is a positive but weak correlation between the MHR value and the
severity of coronary artery lesions in ACS patients. MHR value > 0.021 is an independent
factor in predicting the severity of coronary artery lesions in patients with ACS.
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Introduction

In the last few decades, cardiovascular diseases are the main causes of death in the world. An estimated
17.7 million people died from cardiovascular diseases in 2015 and of these deaths, an estimated 7.4 million
were due to coronary heart disease (CHD)." ST-elevation myocardial Infarction (STEMI) is still the leading
cause of death in the world with incidence in the United States in 2009 around one million people per year.>

Inflammation, oxidative stress, platelet activation and endothelial dysfunction are considered to have an
important role in the development and progression of atherosclerosis.** The activated inflammatory cells are
found in coronary plaque in patients with acute coronary syndromes (ACS)®, and signs of of inflammation were
detected in the blood of an unstable angina pectoris (UAP) patients.®’

Some types of inflammatory cells such as monocytes, lymphocytes, eosinophils, and neutrophils have
been associated with CHD.® Monocyte cells are important component of the inflammatory process in
atherosclerotic plaque. The high value of monocyte counts during the acute phase of acute myocardial
infarction (AMI) is associated with the progression of the plaque itself *and monocytosis has been assessed as
an independent marker for CHD and AMI.*°At the time of the atherogenesis process, monocytes migrate to sub
endothelial space and unite with lipoproteins into macrophages/foam cells. The ability of monocytes to migrate
through the endothelium is important in the formation of lesions. Monocytes perform a better migration process
in hypercholesterolemic conditions and the data show that circulating monocytes will differ in function in high
cholesterol conditions.

The role of protection from high density lipoprotein cholesterol (HDL-C) in the general population has
been described in various studies. The anti-atherosclerotic properties of HDL-C molecules play an important
role in their function as an cholesterol carrier back to the liver.****HDL-C particles have also been identified as
anti-inflammatory and anti-oxidant, and have recently been studied to have a suppressive role in controlling
monocyte activation as well as the proliferation and differentiation of monocyte progenitor cells.***°

A new marker for cardiovascular disease that is often studied recently is the monocyte counts / HDL-
Cratio (MHR) that have an effective prognosis and predictive value and are widely used laboratory parameters.
MHR has been reported to be a new predictor and also a prognostic indicator of cardiovascular disease.*In the
STEMI population, MHR is also described to be a predictor of the occurrence of stent thrombosis and major
cardiovascular events as well as hospital mortality.*’

However, there have been only a few studies conducted to look for an association of MHR with the
severity of coronary artery lesions in patients with ACS.

Methods

This study was an observational study with a retrospective cohort design and single center to evaluate
MHR value as a predictor of severity coronary artery lesions. This study was conducted by taking patient data
with diagnosis of ACS undergoing coronary angiography procedures during hospitalization and never
undergoing previous PCI or CABG procedures. Exclusion criteria were patients with incomplete medical record
data, had previously been diagnosed with ACS, patients with a history of heart valve disease, congenital heart
disease, cardiomyopathy or other heart disease, and patients with acute or chronic inflammatory diseases,
malignancy, anemia, chronic renal failure or sepsis.

The researcher will examine the medical record of the ACS patient for history taking, physical
examination, ECG, chest x-ray, laboratory examination and coronary angiography that have been done during
hospitalization to make the diagnosis of ACS. All these data will be recorded carefully and systematically.

The Gensini scoring system was used for assessing the severity and extensiveness of coronary artery
disease (CAD); in this system, the narrowing of the lumen of the coronary arteries is graded as follows: 1 for
1%-25% narrowing, 2 for 26%-50% narrowing, 4 for 51%-75% narrowing, 8 for 76%-90% narrowing, 16 for
91%-99% narrowing and 32 for a totally occluded artery. This score was then multiplied by a factor that
accounts for the importance of the lesion’s position in the coronary arterial anatomy.'®In this study will be
divided into two groups based on the severity of coronary artery lesion, group 1 with Gensini score > 30 which
describes as severe coronary artery lesions and group 2 with a Gensini score <30 that describes as mild
coronary artery lesions.*®
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Routine haematological and biochemical tests were performed before coronary angiography. Complete
blood specimen was taken when the patient first entered the emergency room. Serum lipid levels were measured
after a 12-h fasting period. Fasting plasma glucose, lipid, and serum creatinine levels were calculated using
standard methods. Blood specimens will be checked using the SYSMEX XT-4000 machine. Serum MHR is
calculated by dividing the monocyte count by the HDL cholesterol level.

The categorical variable is presented with the number or frequency (n) and percentage (%). The
numerical variables are assigned with mean and standard deviation values for normally distributed data.
Normality test in numerical variables of all subjects using one sample Kolmogorov Smirnov with n>50.Cut off
point of numerical data was obtained from ROC. Comparison between dependent variable and independent
variable was assessed by Pearson Chi Square. Correlation analysis is performed to assess the strength of the
relationship expressed with p pearson. For samples that was found significant in the bivariate analysis test, the
next step is a multivariate test with logistic regression. Statistical data analysis using statistical software, p
<0.05 is considered to be statistically significant.

Results

The total number of study subjects was 97 patients, consisting of 48 patients (49.5%) with high Gensini
score group and 48 patients (49.5%) with low Gensini score group. The mean age of the high Gensini score
group was 58+8 years versus 54+8 years in the other group, there was a statistically significant difference
between these groups (p<0.014).

In a group with high Gensini score, there were 21 patients (43.8%) with STEMI, 22 patients (45.8%)
with NSTEMI and 5 patients (10.4%) with UAP.

In the laboratory examination, the mean monocyte value was 1.03+0.3 in the group with high Gensini
score and 0.7+0.2 in the low Gensini score group, this was statistically significant (p<0.001). Significant
statistical differences (p<0.001) were also found at mean MHR values, 0.033£0.015 in groups with high
Gensini score and 0.021+0.008 in groups with low Gensini score.

Stratification of risk by using TIMI score was found by group with high Gensini score as many as 44
patients (91.7%) with moderate to high TIMI score, whereas in group with low Gensini score found 16 patients
(32.7%) with low TIMI score (p <0.003) (Table 1).

Table 1.Baseline Characteristics Based on Severity of Coronary Artery Lesions

Variable High Gensini Score Low Gensini Score P value
(n=48) (n=49)

Gender (n, %)

Male 39(81.2) 39(79.6) 0.168

Female 9(18.8) 10(20.4)

Age (years+SD) 5818 5448 0.014

BMI (Kg/m*+SD) 24.8+2.8 25.9+3.6 0.093

SBP (mmHg+SD) 120+23 127+20 0.132

DBP (mmHg+SD) 7714 79+11 0.354

HR (times/minutes+SD) 86123 81426 0.312

Risk Factor (n, %)

Diabetes Mellitus 21(43.8) 14(28.6) 0.12

Hypertension 36(75) 34(69.4) 0.537

Dyslipidaemia 30(62.5) 28(57.1) 0.591

Smoking 35(72.9) 29(59.2) 0.153

Family History of CAD 3(6.3) 6(12.2) 0.487

Diagnosis (n, %)

STEMI 21(43.8) 19(38.8)

NSTEMI 22(45.8) 16(32.7) 0.071

UAP 5(10.4) 14(28.6)

Laboratory

Hb (mg/dL+SD) 13.2+1.8 14.1+1.6 0.012
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Ht (%xSD) 39.3¢15.4 41.7+4.3 0.020
WBC count (10%/uL+SD) 11.9+4.3 10.9+3.4 0.227
Platelet count (10%¥mm’+SD) 256.8+68.7 262.1+65.7 0.699
RDW (%z=SD) 13.2+0.9 13.2+0.8 0.976
MPV (fL+SD) 10£0.9 9.940.7 0.625
PDW (%zxSD) 11.3+1.6 11.3+£1.5 0.832
Monosit count (10°/uL+SD) 1.03+0.3 0.7£0.2 0.000
MHR (n+SD) 0.033+0.015 0.021+0.008 0.006
Neutrophilecount (10%/uL+SD) 8.5+3.7 7.3+3.3 0.110
Lymphocytecount (10*/uL+SD) 2.3+1 2.4+0.9 0.618
NLR (nxSD) 4.4+2.7 3.61+2.6 0.158
Urea (mg/dL+SD) 37.5+28 31.3+17.4 0.188
Serum Creatinine (mg/dL+SD) 1.3+0.9 1.1+0.6 0.385
GFR (mL/min/1.73m°+SD) 68.1+24.9 79.5£32.5 0.055
Random BG (mg/dL+SD) 17597 136+58 0.019
Fasting BG (mg/dL+SD) 138466 120456 0.143
PostprandialBG (mg/dL+SD) 168+69 156+78 0.433
HbA1lc (%zxSD) 7.242 6.6+1.6 0.114
Total Cholesterol (mg/dL+SD) 182+46 191443 0.347
LDL-C (mg/dL+SD) 119+41 126+42 0.458
HDL-C (mg/dL+SD) 34+13 3748 0.215
Trygliceride (mg/dL+SD) 142+50 165+81 0.108
Ejection Fraction
LVEF (%SD) 42+11 45+10 0.183
LVEF< 50% (n+SD) 33(68.8) 30(61.2) 0.437
TIMI risk score(n, %)

Moderate to High Risk 44(91.7) 33(67.3) 0.003
Low Risk 4(8.3) 16(32.7)

Coronary Lesion (n, %)

Non-Significant 0(0) 10(20.4)

1VvD 4(8.3) 25((51) 0.000
2VD 19(39.6) 9(18.4)

3VD 25(52.1) 5(10.2)

Gensini Score (n£SD) 69+30 1549 0.000

The correlation analysis of clinical parameters based on the severity of coronary artery lesions was
found to be several parameters with significant associations that had a positive correlation with Gensini score, ie
age, monocyte, MHR, random glucose test, TIMI score, and coronary lesions. There was a significant
correlation but with a weak correlation between MHR and the severity of coronary artery lesions based on
Gensini score (p=0.006) (r=0.252) (Table 2).

Table 2. Correlation between MHR and Gensini Score

Variable High Gensini Score (n=48)

Low Gensini Score (n=49) | P value

P pearson

MHR 0,033 +0,15

0,02 +0,008

0,006*

0,252

Using the ROC curve, we can assess the under the curve area (AUC) of the MHR parameter, which
will demonstrate MHR's ability to influence the severity of coronary artery lesions in patients with ACS. In this
study found AUC 0.725 with p value <0.05 (Figure 1). This suggests that the MHR value is clinically
significant relative to the severity of coronary artery lesions in patients with ACS. The MHR value > 0.021

becomes the best cutoff point in predicting the severity of coronary artery lesions (Table 3).
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Figure 1.ROC Curve of MHR in predicting severity of coronary artery lesions

Table 3.Results from ROC analysis

Cut-off Point
0.021

AUC
0.725

95% CI
0.623-0.827

P value
<0.046

Sens
70.8%

Spes
51%

Of 97 subjects it was found that 58 patients had MHR > 0.021 and 39 patients had MHR<0.021. The
subjects in the group with MHR >0.021 had more severe coronary artery lesions than the group with MHR<
0.021, which is 34 patients (70.8%) versus 14 patients (29.2%). While in the group with MHR<0.021 had less
severe coronary artery lesions than the group with MHR > 0.021. The MHR value of >0.021 can predict the
severity of coronary artery lesions with 70.8% sensitivity, 51% specificity, 64.1% negative predictive value
(NPV) and 58.6% positive predictive value (PPV)(Table 4).

Table 4.Diagnostic test of MHR Cut-off Point

MHR Coronary Lesions Total P value Sens Spes NPV PPV
Severe | Mild

>0.021 34 24 58 <0.046 70.8% 51% 64.1% | 58.6%
(70.8) (49) (59.8)

<0.021 14 25 39
(29.2) (51) (40.2)

Total 48 49 97
(100) (100) (100)

Multivariate analysis in this study is useful to know which independent variables are the most
dominant and influential to determine the severity of coronary artery lesions in patients with ACS. Based on the
comparative test table, there are 21 parameters with p value <0.25 which will be tested by logistic regression to
obtain the best parameters related to the severity of coronary artery lesions on a multivariate basis.

From 17 multivariate analysis steps using logistic regression involving 21 clinical parameters, two
significant parameters were found to correlate with the severity of coronary artery lesion, moderate to high
TIMI risk score [OR: 4.682 (1.445-15.168), p <0.01] and values RMH> 0.021 [OR: 2.68 (1.069-6.716), p =
0.035] (Table 5).
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Table 5. Multivariate Logistic Regression Analysis of MHR to Predict Severity of Coronary Artery
Lesions

Variable P value OR 95%CI

TIMI Risk Score Moderate to High <0.01 4.682 1.445 - 15.168

MHR >0.021 0.035 2.68 1.069 — 6.716
Discussion

Subjects in this study were collected consecutively from patients diagnosed with ACS undergoing
coronary angiography procedure during hospitalization from January 2015 to April 2018. There were 97
patients who have met the inclusion and exclusion criteria.

In this study found that groups with high Gensini scores had a higher age than the group with low
Gensini score with a value of p <0.05. Monocyte values were also higher in the high Gensini score group than
in the low Gensini score group. Higher MHR value and TIMI scores were found in group with high Gensini
score.

Previous studies have shown similar results, where the parameters of age, monocyte and age are higher
in the group with more severe coronary artery lesion.”**

In patients with STEMI there will be a total blockage of the coronary arteries that causes loss of
perfusion to the myocardium thus triggering myocardial damage and acute inflammatory reactions.?? Likewise
in NSTEMI and UAP patients, but because the blockage is a subtotal obstruction, then myocardial damage and
acute inflammatory reactions are not as strong in patients with IMAEST. Nazowa et al has shown a relationship
between the number of circulating monocytes with the progression of coronary plaque after acute coronary
syndrome.®Another study by Olivares et al has reported a high monocyte count to be a predictor of coronary
events with 7 years of assessment.?

HDL has an effect that is thought to inhibit monocyte activation. Murphy et al have shown that
activated monocytes may be inhibited by HDLs that have anti-inflammatory, anti-oxidant and anti-thrombotic
effects.”*? HDL cholesterol also has a close interaction with monocytes through suppression of monocyte
activity, 2ighibiting monocyte differentiation into macrophages that ultimately limiting the inflammatory
response.

In this study, an MHR value analysis was performed in predicting the severity of coronary artery
lesions based on Gensini score on patients with ACS. There was a significant relationship but with a weak
correlation between MHR and the severity of coronary artery lesions based on Gensini score (p=0.006)
(r=0.252). In the previous study also found the relationship of MHR with the severity of coronary artery lesions
in ACS and stable CHD patients, also with a weak correlation (p <0.001) (r = 0.159).%

By using ROC curve, value of AUC was 0.725 with p value <0.05. This suggests that the MHR value is
clinically significant relative to the severity of coronary artery lesions in patients with ACS. The value of MHR
> 0.021 becomes the best cutoff point in predicting the severity of coronary artery lesions. Then in this study,
based on multivariate analysis, 2 parameters were found that correlated with the severity of coronary artery
lesion, moderate to high TIMI risk score and MHR value > 0.021.

In the previous study, there was a correlation between MHR and coronary lesion complexity with MHR
cutoff value of 0.024, but this study assessed the complexity of coronary artery lesion by using SYNTAX score
in stable CHD patient population. In this study also obtained the value of CRP, MHR and LVEF become
independent factors in predicting the complexity of coronary lesions.?’

In this study found a significant relationship but with a weak correlation between the MHRvalue with
the severity of coronary artery lesions assessed by Gensini score. This raises the question of determining the use
of MHR in clinical practice.In the previous study described two things, namely the sub-type of monocytes and
also about the sub-class of HDL. The circulating monocyte sub-type has heterogeneous function, and each
subtype has different inflammatory potential effects as well. So a simple monocyte count does not actually
describe the activation status of monocytes. Then the anti-atherogenic properties of the HDL subclass are
considered to have differences and there is no evidence to indicate which sub-classes are dominant to have such
effects,%2°
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In this study used simple MHR parameters and did not evaluate sub-class HDL or sub-type monocytes.

Previous studies have suggested simple MHR parameters can be used as markers of inflammation and
cardiovascular risk.
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