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Abstract

Objectives: There are insufficient studies on the combined effect of neutrophil-lymphocyte ratio (NLR), systemic im-
mune-inflammation (Sll) index and monocyte-to-high-density lipoprotein ratio (MHR) on plaque status and risk of car-
diovascular disease (CVD) occurrence. The aim of this study was to demonstrate the feasibility of using NLR, Sl index
and MHR, which are preferable markers in terms of favorable cost/benefit ratio and easy measurement, to monitor and
evaluate the severity of the disease, considering that CVD is an inflammatory disease.

Methods: Two thousand two hundred seventy-three patients presenting with complaints of shortness of breath or
chest pain who were followed up in the Cardiovascular Surgery outpatient clinic of Gaziosmanpasa Training and Re-
search Hospital between January 2024 and October 2024 were retrospectively included in the study.

Results: Lymphocyte levels were significantly higher in the deceased patients (p=0.02). Conversely, the NLR and the
Sll were higher in the surviving patients compared to the deceased patients (p<0.001; p<0.001). LDL levels and plaque
status were statistically significantly different between the groups. Patients in the moderate-risk group had significantly
lower LDL levels compared to those in the mild-risk group (p<0.001).

Conclusion: These results suggest that MHR, a novel biomarker derived from the inflammatory marker monocyte and
the antiatherogenic HDL, may be associated with CAD. Given that CVD is an inflammatory disease, NLR, SIl and MHR
may be preferable in terms of favorable cost/benefit ratio and easy measurement. These markers can also be calculated
practically and inexpensively from whole blood and HDL values, which are routine tests that can be performed in
primary health care centers. It also demonstrates NLR and MHR are associated with plaque formation in patients with
atherosclerotic heart disease.
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Cardiovascular diseases (CVD) encompass a range of prevalent and fatal forms. In 2019, CVD accounted for ap-
conditions affecting the heart and blood vessels, with  proximately 18.6 million deaths worldwide, underscoring
coronary heart disease (CHD) and stroke being the most their significant global health burden [1]. At the core of
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many CVDs, particularly CHD, is atherosclerosis, a chronic
inflammatory process characterized by the development
of plaques within arterial walls. Epidemiology studies show
that among many genetic and environmental factors, ele-
vated serum cholesterol levels alone are sufficient for the
development of atherosclerosis, even in the absence of
other known risk factors. Oxidation of low-density lipopro-
tein cholesterol (LDL-C) in the endothelial is the initiating
factor in the development of atherosclerosis [2].

Atherosclerosis begins with impaired endothelial function.
In the final stage of plaque rupture, endothelial dysfunc-
tion plays an important role. Lymphocytes and neutrophils,
as a subgroup of leukocytes, play a role in the formation of
plaque rupture as well as in infarct healing and reperfusion
injury [3, 4]. The recently widely used neutrophil to lympho-
cyteratio (NLR) is a reliable, accessible, and clinically relevant
marker of acute coronary syndrome (ACS). Increased NLR has
been proven to be associated with the severity and preva-
lence of atherosclerosis in ST-elevation heart attack patients
[5-8]. Although, the association between NLR and the mor-
bidity of CVD with vulnerable plaque characteristics is not
fully understood to date.

The systemic immune-inflammation index (Sll), new index is
an emerging composite biomarker that reflects the balance
between the immune system and inflammatory processes.
It combines three key blood parameters: neutrophil count,
platelet count, and lymphocyte count. The index is designed
to provide a more comprehensive view of systemic inflamma-
tion and immune activation, which plays a crucial role in many
diseases, including CVD [9].

Recently, the monocyte/ high-density lipoprotein (HDL) ra-
tio (MHR) has been shown to be a predictor of cardiovascular
events in patients with chronic renal failure and to be asso-
ciated with coronary slow flow and stent thrombosis [10].
The association of high monocyte count, and low HDL has
emerged as a new prognostic marker of inflammation and
oxidative stress associated with adverse outcomes in various
cardiovascular diseases [11, 12]. Considering the contribu-
tion of monocytes and macrophages to inflammation and
oxidative stress and the inhibitory effect of HDL-C on them,
the idea that the MHR can be used as a prognostic indicator
in inflammation-related diseases has yielded significant re-
sults in studies conducted in renal failure and various heart
diseases [6, 13-18].

Since CVD is largely driven by inflammation, markers such
as NLR, Sl and MHR could offer valuable insights into im-
mune system activation and chronic inflammation, which
are known to play a key role in the disease's progression. The
aim of this study was to demonstrate the feasibility of using
NLR, Sll and MHR, which are preferable markers in terms of
favorable cost/benefit ratio and easy measurement, to mon-
itor and evaluate the correlation of these markers with tradi-
tional clinical outcomes (e.g. plague burden, major adverse
cardiovascular events).

Materials and Methods

Study design and population

The study protocol adhered to ethical guidelines and was ap-
proved by the Istanbul Atlas University Clinical Research Ethics
Committee (Approval Date: 14/05/2022, Approval Number:
E-22686390-050.99-42823). All procedures were conducted in
compliance with the principles defined in the Declaration of
Helsinki. Informed consent was obtained from participant or
their relative.

Two thousand two hundred seventy-three patients present-
ing with complaints of shortness of breath or chest pain who
were followed up in the Cardiovascular Surgery outpatient
clinic of Gaziosmanpasa Training and Research Hospital be-
tween January 2024 and October 2024 were retrospectively
included in the study. All patients were questioned about car-
diac risk factors such as smoking, hypertension, diabetes mel-
litus, hyperlipidaemia, family history of coronary heart disease
and medications. All this information was obtained from the
patients' medical record.

Inclusion criteria

Patients who underwent previous coronary angiography
(CAG) and were found to have >50% stenosis in their major
coronary arteries, who underwent percutaneous coronary
procedure or bypass surgery for CAD, or who were newly di-
agnosed with CAD by myocardial perfusion sintigraphy (MPS)
at outpatient clinic presentation were included.

Exclusion criteria

Active infection, inflammatory disease, acute coronary syn-
drome clinic, advanced heart failure, history of cancer, GFR<15
mL/minute, chronic obstructive pulmonary disease and liver
failure, patients receiving antibiotics, immunosuppressive
therapy, and non-steroidal anti-inflammatory drugs were ex-
cluded from the study. Patients with known significant valvu-
lar heart disease, malignancy, acute or chronic infections,
those receiving systemic anti-inflammatory treatment, antihy-
perlipidemic therapy, or those with severe liver disease and
renal failure were excluded from the study.

Electronic health records of patients hospitalized for CAD
were retrospectively reviewed using the hospital's electronic
database system. The demographic and clinical character-
istics, systolic and diastolic blood pressure, complete blood
count parameters, total cholesterol, low-density lipoprotein
(LDL), high-density lipoprotein (HDL), triglycerides, troponin,
creatinine kinase-MB (CK-MB) levels were recorded from the
hospital automation system and patient files.

Patients were evaluated according to survival and deceased
status and according to plaque status detected at angiography.

The information you've provided is a description of how in-
tra-plaque angiogenesis (IPN) is assessed using contrast-en-
hanced ultrasound (CEUS) imaging in the context of evalu-
ating plaque stability [19]. The process of scoring involves
evaluating the presence and distribution of microbubbles
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within the plaque, which is used to infer the degree of an-
giogenesis (new blood vessel formation) within the plaque.
Here's a breakdown of the IPN scoring system:

1. IPN Score 0: No microbubbles detected within the plaque,
suggesting no angiogenesis is present within the plaque.
This is considered a stable plaque.

2. IPN Score 1: Microbubbles are confined to the shoulder or
adventitial side of the plaque, indicating some degree of
angiogenesis, but the plaque remains relatively stable.

3. IPN Score 2: Microbubbles are seen throughout the entire
plaque, suggesting significant intra-plaque angiogenesis,
which is associated with plaque instability.

An IPN score of >2 (i.e, microbubbles throughout the plaque)

is considered indicative of an unstable plaque, while an IPN

score of <2 (i.e., microbubbles are confined to the shoulder or

absent) indicates a stable plaque. This scoring system is im-

portant for evaluating the risk of plaque rupture or other com-

plications, with unstable plaques generally being at a higher

risk for rupture or causing adverse cardiovascular events [20].

Diagnoses of hypertension (HT), type 2 diabetes mellitus
(T2DM) were made according to current guidelines [21]. T2DM
was defined as fasting blood glucose levels =126 mg/dL and/
or a previous diagnosis and treatment of diabetes. HT was de-
fined as systolic blood pressure =140 mmHg and/or diastolic
blood pressure =90 mmHg, the use of antihypertensive ther-
apy, and/or a known history of HT.

Height and weight measurements were obtained, and body
mass index (BMI) was calculated according to the formula body
weight (kg)/height (m?). Obesity was defined as BMI >30 kg/m?2.

Laboratory parameters

Blood samples were collected in tubes, both plain (without
anticoagulant) and containing EDTA. The CBC analyses were
conducted using an automated hematology analyzer (Sys-
mex XN-1000, Norderstedt, Germany), ensuring precision and
reliability in data acquisition. NLR were calculated from neu-
trophil/ lymphocyte count. The Sl was calculated as (platelet
count x neutrophil count) /lymphocyte count. MHR was calcu-
lated by taking the ratio of monocytes to HDL in peripheral
blood count.

The high-sensitive cTnl (hs-cTnl) levels were assessed by the
immunofluorescent method using fluorescent antibody con-
jugates (ARCHITECTR Abbott assay, USA).

Glucose, albumin, total cholesterol, HDL, LDL, CK-MB, CRP were
assessed with an autoanalyzer (COBAS 8000, ROCHE-2007,
Tokyo, Japan).

Statistical analysis

Statistical analyses were performed using SPSS v.26 (IBM
Corp., Armonk, NY, USA) software. Descriptive data were
expressed as frequency (n) and percent (%) for categorical
variables, and as mean * standard deviation or median (25t
percentile-75" percentile) for numerical variables. Normal-

ity of the distribution was assessed using the Kolmogorov-
Smirnov test, as well as Q-Q plots and histograms. Pearson
chi-square test or Fisher's exact test was used to compare
categorical variables. Mann-Whitney U test was used for
comparisons between two independent groups, while
Kruskal-Wallis test was used for comparisons between more
than two independent groups. Numerical variables were
also evaluated by Spearman Correlation test. Laboratory pa-
rameters were categorized using Receiver Operating Char-
acteristic (ROC) curve analysis, and the cutoff point where
sensitivity and specificity were maximized was selected.
Youden index values were used to determine the optimal
cutoff points. The area under the curve (AUC) was reported.

Multivariate logistic regression (Enter and Forward: LR) analy-
sis was performed to identify risk factors associated with sur-
vival, and plaque formation. The goodness-of-fit of the model
was evaluated using the Hosmer-Lemeshow test. The regres-
sion model does not include highly correlated variables. The
significance level for statistical tests was set at p<0.05.

Results

The mean age of the patients was 63.5+13.2 years, and 49.8%
were female (Table 1). The age distribution between the sur-
vival groups was similar. However, the sex distribution showed
a significant difference, with a higher survival rate in males
(p=0.012). The body mass index (BMI) was higher in the de-
ceased group compared to the survival group (p=0.001).
Lymphocyte levels were significantly higher in the deceased
patients (p=0.02). Conversely, the NLR and the Sl were higher
in the surviving patients compared to the deceased patients
(p<0.001; p<0.001). A statistically significant difference was
observed between survival and plaque progression (p<0.001).
The frequency of no plaque was higher in the survival group.

There was no statistically significant difference in age, sexes,
and BMI between the plaque groups (Table 2). However, LDL
levels were statistically significantly different between the
groups. In pairwise comparisons, significant differences were
observed across all groups (p<0.001). LDL levels were lower in
the stable plaque group compared to the other groups, with
the highest LDL levels observed in the without plaque group
(p<0.001). Mild risk was higher in without plaque group, while
moderate risk was higher in patients with stable plaque. Fur-
thermore, all patients with stable plaque were categorized
into the moderate-risk group, while all patients without
plaque were classified into the mild-risk group.

Clinical and sociodemographic characteristics of the pa-
tients were compared across different risk groups (Table 3).
Glucose, LDL, Troponin, CK-MB levels and plaque status were
statistically significantly different between the groups. Pa-
tients in the moderate-risk group had significantly lower LDL
levels compared to those in the mild-risk group (p<0.001).
Additionally, Glocose, Troponin and CK-MB levels were sig-
nificantly higher in the moderate-risk group compared to
the mild-risk group (p<0.001).
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Table 1. Comparison of demographic and clinical characteristics of the patients

Characteristic All patients Deceased group Survival group P
(n=2273) (n=673) (n=1600)
Age (years) 63.5+13.2 64.0£13.2 63.2+13.2 0.244
64.0(54.0-73.0) 65.0 (55.0-74.0) 64.0 (54.0-73.0)

Sex (female) 1133 (49.8) 308 (27.2) 825 (72.8) 0.012
BMI (kg/m?) 28.1 (24.6-32.5) 29.3 (25.4-32.7) 27.7 (24.0-32.4) 0.001
Systolic blood pressure (mmHg) 153.0 (143.0-163.0) 153.0 (143.0-163.0) 153.0 (144.0-163.0) 0.295
Diastolic blood pressure (mmHg) 85.0 (79.0-88.0) 84.0 (79.0-88.0) 85.0 (79.0-88.0) 0.046
LYMPH (103cell/uL) 1710.0 (1439.5-2008.5) 1730.0 (1414.0-2360.0) 1700.0 (1447.0-1983.0) 0.020
NEU (103cell/pL) 7812.0 (6687.5-8236.0) 7803.0 (6210.0-8315.0) 7812.0 (7260.0-8205.0) 0.941
MONO (103cell/pL) 398.0 (386.0-416.0) 399.0 (386.0-416.0) 398.0 (386.0-416.0) 0.880
WBC (10°cell/uL) 9.0 (7.6-10.9) 8.9 (7.7-11.0) 9.0 (7.6-10.9) 0.813
PLT (10%/uL) 207.2 (164.8-242.4) 208.2161.8-242.1) 206.4 (165.4-242.7) 0.757
Glucose (mg/dL) 120.0 (102.0-145.0) 125.0 (102.0-148.0) 120.0 (102.0-145.0) 0.020
Albumin (g/dL) 3.6 (2.7-4.1) 3.8 (3.3-4.1) 3.6 (2.6-4.0) <0.001
HDL (mg/dL) 36.0 (26.0-44.0) 36.0 (26.0-42.0) 36.0 (26.0-46.0) 0.742
LDL (mg/dL) 159.0 (146.0-264.5) 153.0 (141.0-164.0) 186.0 (150.0-297.0) <0.001
CRP (mg/L) 66.4 (33.3-108.8) 82.8 (46.5-134.7) 56.2 (33.3-100.8) <0.001
NLR 44 (3.6-5.2) 4.1 (2.5-5.2) 45 (3.7-5.2) <0.001
Sl 852.0 (586.2-1113.8) 780.0 (449.4-1123.9) 876.0 (622.7-1112.2) <0.001
MHR 11.0 (9.0-15.1) 11.0 (9.0-14.9) 10.9 (8.9-15.2) 0.726
Troponin | (ng/ml) 0.6 (0.1-18.8) 0.1 (0.05-5.4) 1.8 (0.1-21.9) <0.001
CK-MB (ng/ml) 32.4(15.0-144.0) 20.7 (12.5-100.5) 82.3(17.2-154.0) <0.001
Hypertension (+) 1758 (77.3) 503 (28.6) 1255 (71.4) 0.055
Diabetes (+) 1072 (47.2) 319(29.8) 753 (70.2) 0.883
Dyslipidemia (+) 1844 (81.1) 570(30.9) 1274 (69.1) 0.005
Smoking (+) 1310 (57.6) 349 (26.6) 961 (73.4) <0.001
Alcoholism (+) 574 (25.3) 158 (27.5) 416 (72.5) 0.206
Plaque status

Without plaque 463 (20.4) 80 (17.3)° 383 (82.7)° <0.001

Unstabil plaque 912 (40.5) 265 (28.8)° 656 (71.2)°

Stabil plaque 889 (39.1) 328 (36.9)° 561 (63.1)°

Mann Whitney U Testi, Fisher Exact Test, Pearson Chi-Square Test. Comparisons were made between survival and deceased groups. Each superscript letter denotes a subset of
survival categories whose column proportions do not differ significantly from each other at the 0.05 level. BMI: Body mass index; LYMPH: Lymphocyte; NEU: Neutrophil; MONO:
Monocyte; WBC: White blood count; PLT: Platelet count; HDL: High-density lipoprotein; LDL: Low-density lipoprotein; CRP: C-reactive protein; NLR: Neutrophil-lymphocyte ratio; SlI:
Systemic immune-inflammation; MHR: Monocyte-to-high-density lipoprotein ratio; CK-MB: Creatinine kinase-MB.

Correlation between inflammatory indices was evaluated. A
statistically significant very high correlation was observed be-
tween NRI and BMI (p<0.01; r=0.999). There was a very weak
but statistically significant correlation between CRP levels and
LDL (p<0.01; r=-0.064). A highly significant correlation was ob-
served between NLR and SlI (p<0.01; r=0.784) (Table 4).

When evaluating the risk factors associated with survival,
PNI (OR:1.018; 95% Cl:1.006-1.031), CRP (OR:1.004; 95%
Cl:1.003-1.005), Albumin (OR:1.444; 95% Cl:1.252-1.665)
were considered as risk factors that increased the likelihood
of death. Conversely, an increased Troponin (OR:0.992; 95%
Cl:0.986-0.998) and LDL levels (OR:0.996; 95% Cl:0.995-
0.997) were found to be a preventive factor, positively asso-
ciated with survival. NRl and NLR were not independent risk
factors for survival (p>0.05) (Table 5).

In Figure 1, the predictive performance of the MHR parame-
ter for plaque formation is illustrated by the ROC curve. MHR
parameter was found to be non-predictive for plaque forma-
tion (p=0.279).

Discussion

Inflammatory molecules and lipids are two key elementsin CVD
[22]. Studies with animal models have demonstrated the inva-
sion of neutrophils into atherosclerotic plaques [23]. In the cur-
rent study, lymphocyte levels were significantly higher in the
deceased patients. Conversely, the NLR and the Sl were higher
in the surviving patients compared to the deceased patients.
HDL levels were lower in the stable plaque group compared to
the other groups, with the highest HDL levels observed in the
non-plaque group. The MHR was higher in the stable plaque
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Table 2. Comparison of demographic and clinical characteristics of patients according to plaque status detected at angiography

Characteristic Without plaque Unstabil plaque Stabil plaque p
(n=463) (n=921) (n=889)
Age (years) 63.8+13.7 63.5+£13.3 63.5+£13.7 0.473
65.0 (55.0-74.0) 64.0 (55.0-74.0) 64.0 (54.0-72.0)

Sex (female) 222 (19.6) 455 (40.2) 456 (40.2) 0.476
BMI (kg/m?) 28.3 (24.7-33.2) 28.1 (24.5-32.4) 28.0 (24.5-32.0) 0.241
Systolic blood pressure (mmHg) 153 (144-163) 153 (144-163) 153 (141-163) 0.487
Diastolic blood pressure (mmHg) 85.0 (79.0-88.0) 85.0 (79.0-88.0) 85.0 (79.0-88.0) 0.673
LYMPH (103cell/pL) 1698 (6439-8256) 1710 (1444-2016) 1722 (1431-2013) 0.855
NEU (103cell/pL) 7795 (6439-8256) 7817 (6495-8225) 7817 (7260-8225) 0.944
MONO (103cell/pL) 396 (386-416) 398 (386-416) 398 (386-416) 0.977
WBC (103cell/uL) 9.0 (7.7-11.0) 9.0 (7.6-11.0) 8.9(7.6-10.8) 0.482
PLT (10%/uL) 211.3(165.4-247.2) 206.3 (164.6-242.4) 206.3 (164.8-240.8) 0.338
Glucose (mg/dL) 120.0 (100.0-145.0) 120.0 (102.0-145.0) 120.0 (102.0-145.0) 0.159
Albumin (g/dL) 3.6 (2.6-4.0) 3.6 (2.7-4.1) 3.6 (2.7-4.1) 0.076
HDL (mg/dL) 36.0 (26.0-46.0) 36.0 (26.0-44.0) 36.0 (26.0-44.0) 0.528
LDL (mg/dL) 193.0 (149-342)° 161.0 (146-243)° 156.0 (144-194)c <0.001
CRP (mg/L) 66.4 (33.3-108.8) 66.4 (33.3-108.8) 66.4 (33.3-108.8) 0.682
NLR 44 (3.3-5.2) 4.3 (3.6-5.3) 44 (3.7-5.2) 0.839
Sl 855.1(575-1120) 837.5(586-1114) 862.6 (591-1108) 0.862
MHR 10.8 (8.7-15.1) 11.0(9.1-15.2) 10.9 (9.0-14.8) 0.520
Troponin | (ng/ml) 0.1 (0.04-4.8) 0.7 (0.05-18.6) 1.8 (0.05-23.6) 0.738
CK-MB (ng/ml) 26.6 (14.7-101.2) 28.0 (14.4-142.2) 53.4(15.2-154.6) 0.640
Hypertension (+) 364 (20.6) 707 (39.6) 687 (39.8) 0.738
Diabetes (+) 221 (20.6) 424 (39.6) 427 (39.8) 0.671
Dyslipidemia (+) 377 (20.4) 740 (40.1) 727 (39.4) 0.727
Smoking (+) 277 (21.1) 529 (40.4) 504 (38.5) 0.536
Alcoholism (+) 112 (19.5) 225(39.2) 237 (41.3) 0.463
Survival patients 383 (23.9)° 656 (41.0)° 561 (35.1)¢ <0.001
Risk score

Mild risk 463 (100.0) 259 (28.1)° 0(0.0)c <0.001

Moderate risk 0(0.0) 662 (71.9)° 889 (100.0)

Kruskall -Wallis Test, Pearson Chi-Square Test. Each superscript letter denotes a subset of plaque categories whose column proportions do not differ significantly from each other at the
0.05 level. BMI: Body mass index; LYMPH: Lymphocyte; NEU: Neutrophil; MONO: Monocyte; WBC: White blood count; PLT: Platelet count; HDL: High-density lipoprotein; LDL: Low-density
lipoprotein; CRP: C-reactive protein; NLR: Neutrophil-lymphocyte ratio; Sli: Systemic immune-inflammation; MHR: Monocyte-to-high-density lipoprotein ratio; CK-MB: Creatinine kinase-MB.

group compared to the others, and the without plaque group
had the lowest MHR. Additionally, the moderate risk ratio was
higher in the stable plaque group than in the other groups.
Furthermore, all patients with stable plaque were classified in
the moderate-risk group, whereas all patients without plaque
were classified in the mild-risk group. Although monocytes
and macrophages are the most common white blood cell seen
in atherosclerotic plaque, increased MHR may have acceler-
ated monocyte infiltration of neutrophils into atherosclerotic
plaques. NLR and MHR are associated with plaque formation
in patients with atherosclerotic heart disease.

Chronic inflammation is a key factor in the pathogenesis of
atherosclerosis and the development of subsequent CVD. It
contributes to the initiation, progression, and destabilization
of atherosclerotic plaques. Recent studies have shown that
CRP, platelet/lymphocyte and neutrophil/lymphocyte ratios

used as inflammatory markers both increased in atheroscle-
rotic CVD and that these markers are independently as-
sociated with CAD [24-27]. On the other hand, it has long
been known that HDL levels are inversely associated with
atherosclerosis [28]. This relationship is largely explained by
the reverse cholesterol transport of HDL in the vessel wall.
It has been demonstrated that HDL exerts a protective role
in atherosclerosis by inhibiting the expression of endothe-
lial adhesion molecules. This action reduces the recruitment
and accumulation of monocytes at sites of vascular injury.
By preventing monocyte adhesion to the endothelial cells,
HDL helps to mitigate the inflammatory processes that con-
tribute to the formation and progression of atherosclerotic
plaques [28]. Kahraman et al. [8] found that the ratio of MHR
consisting of monocytes, an inflammatory marker, and HDL,
an antiatherogenic lipid parameter, was associated with high
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Table 3. Evaluation of risk factors in patients

Characteristic Mild risk (n=722) Modereta risk (n=1551) P

Age (years) 65.5 (54.0-74.0) 64.0 (54.0-73.0) 0.593
Sex (female) 340 (30.0) 793 (70.0) 0.073
BMI (kg/m?) 28.0 (24.7-33.0) 28.1 (24.5-32.2) 0.210
Systolic blood pressure (mmHg) 153.0 (144-163) 153.0 (141-163) 0.199
Diastolic blood pressure (mmHg) 85.0 (79.0-88.0) 85.0 (79.0-88.0) 0.958
LYMPH (103cell/uL) 1700 (1432-2004) 1710 (1440-2011) 0.707
NEU (103cell/pL) 7795 (6418-8236) 7818 (7130-8236) 0.236
MONO (103cell/pL) 398 (386-416) 398 (386-416) 0.541
WBC (103cell/pL) 9.0 (7.6-11.0) 8.9(7.6-10.9) 0.492
PLT (10%/uL) 207.9 (165.5-247.1) 206.9 (164.5-240.9) 0.234
Glucose (mg/dL) 120 (100-145) 125 (102-145) 0.01
Albumin (g/dL) 3.6 (2.6-4.0) 3.6 (2.7-4.1) 0.08
HDL (mg/dL) 36.0 (26-46) 36.0 (26-43) 0.173
LDL (mg/dL) 186.0 (149-297) 159.0 (145-195) <0.001
CRP (mg/L) 66.4 (33.3-107.8) 66.4 (33.3-108.8) 0.252
NLR 4.3 (3.4-5.3) 44 (3.6-5.2) 0.621
SlI 854.5 (578-1119) 849.2 (590-1108) 0.778
MHR 10.9 (8.7-15.1) 11.0 (9.0-15.1) 0.229
Troponin | (hg/ml) 0.2 (0.05-5.1) 11.0 (9.0-15.1) <0.001
CK-MB (ng/ml) 27.9 (14.7-105.3) 38.8 (15.0-154.0) <0.001
Hypertension (+) 564 (32.1) 1194 (67.9) 0.548
Diabetes (+) 344 (32.1) 728 (67.9) 0.753
Dyslipidemia (+) 587 (31.8) 1257 (68.2) 0.884
Smoking (+) 422 (32.2) 888 (67.8) 0.591
Alcoholism (+) 171 (29.8) 403 (70.2) 0.240
Survival patients 570 (35.6) 1030 (64.4) <0.001

Mann Whitney U Test, Fisher Exact Test, Pearson Chi-Square Test. BMI: Body mass index; LYMPH: Lymphocyte; NEU: Neutrophil; MONO: Monocyte; WBC: White Blood Count; PLT:
Platelet Count; HDL: High-density lipoprotein; LDL: Low-density lipoprotein; CRP: C-Reactive Protein; NLR: Neutrophil-lymphocyte ratio; SlI: Systemic immune-inflammation; MHR:
Monocyte-to-high-density lipoprotein ratio; CK-MB: Creatinine kinase-MB.

Table 4. Evaluation of correlation between parameters

MHR Troponinl  CK-MB CRP NLR Sl PNI NRI Age BMI HDL
MHR .
Troponinl  0.038
CK-MB -0.056**  0.798** .
CRP 0.013 0.075** -0.095**
NLR -0.045* 0.006 0.035 -0.012 .
Sl -0.036 0.022 0.032 -0.016 0.784**
PNI 0.015 -0.030 0.012 -0.065**  -0.608**  -0.495** .
NRI 0.013 -0.060%* -0.074**  0.193** 0.022 0.025 -0.096**
Age 0.001 -0.006 0.006 0.006 -0.014 -0.025 0.029 0.017
BMI 0.013 -0.059%* -0.073**  0.189** 0.022 0.026 -0.095**  0.999**  0.018
HDL -0.984**  0.031 0.056** -0.010 0.045* 0.035 -0.015 -0.009 -0.002  -0.010
LDL 0.006 0.021 0.028 -0.064**  0.050% 0.072** 0.051% -0.035 0.029 -0.034  -0.012

<0.25 very weak; 0.26-0.49 weak; 0.50-0.69 moderate; 0.70-0.89 high; 0.90-1.0 very high correlation. *: p<0.05; **: p<0.01. MHR: Monocyte-to-high-density lipoprotein ratio;
CK-MB: Creatinine kinase-MB; CRP: C-Reactive Protein; NLR: Neutrophil-lymphocyte ratio; SlI; Systemic immune-inflammation; PNI: Prognostic nutritional index; NRI: Net
reclassification index; BMI: Body mass index; HDL: High-density lipoprotein; LDL: Low-density lipoprotein.
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Table 5. Evaluation of risk factors associated with survival in patients

Characteristic Multivariate logistic

regression (Multivariate-

Enter method)

Multivariate logistic
regression (Multivariate-

OR (95% CI)

NRI 1.009 (0.999-1.019)
NLR 0.974 (0.906-1.048)
PNI 1.015 (0.998-1.032)
CRP 1.003 (1.002-1.005)
Troponin | (ng/ml) 0.992 (0.986-0.998)
Albumin 1.446 (1.253-1.668)
LDL 0.996 (0.995-0.997)

Forward:LR method)

p OR (95% CI) P
0.091 - —
0.484 = _
0.004 1.018 (1.006-1.031) 0.004

<0.001 1.004 (1.003-1.005) <0.001
0.009 0.992 (0.986-0.998) 0.007
<0.001 1.444 (1.252-1.665) <0.001
<0.001 0.996 (0.995-0.997) <0.001

Forward LR and Enter methods were used for logistic regression analysis. Enter Model: Hosmer Lemeshow test p=0.002, Cox & Snell R*= 0.101, Nagelkerke R?>=0.143, -2 Log
Likelihood= 2520.2. Forward LR Model: Hosmer Lemeshow test p=0.001, Cox & Snell R?=0.100 Nagelkerke R?>=0.142, -2 Log Likelihood= 2523.4. OR: Odds ratio; CI: Confidence
interval; NRI: Net reclassification index; NLR: Neutrophil-lymphocyte ratio; PNI: Prognostic nutritional index; CRP: C-reactive protein; LDL: Low-density lipoprotein.

1.0

Sensitivity

AUC (%95 CI):
0.484
(0.54-0.514)
p:0.279

“0.0 0.2 0.4 0.6 0.8 1.0

1 - Specificity

Figure 1. Predictive performance of the MHR parameter for plaque
formation.
AUC: Under the curve; Cl: Confidence interval.

SYNTAX score in patients with stable CAD. In a study con-
ducted with patients with ACS, high NHR ratio consisting of
neutrophils and HDL was found to be associated with long-
term mortality [22]. In the same study, it was also shown that
the prognostic value of NHR was superior to MHR and LDL/
HDL. In another recent study, it was emphasized that high
NHR ratio was associated with CAD severity in stable CAD
[29]. In our study, like these studies, the NLR and the Sll were
higher in the surviving patients compared to the deceased
patients. But no statistical significance was observed be-
tween survival and plaque progression. HDL levels and the
MHR were statistically significantly different between the
groups. In pairwise comparisons, significant differences were

observed across all groups. HDL levels were lower in the sta-
ble plaque group compared to the other groups, with the
highest HDL levels observed in the without plaque group.
Previous studies have shown that HDL also has anti-inflam-
matory, antithrombotic and antioxidant effects. HDL exerts
antiatherogenic effects by preventing macrophages from
transporting lipid loads and lipids to the arterial wall. Fur-
thermore, HDL-C inhibits endothelial expression of adhesion
molecules through inhibition of CD11b activation and thus
prevents monocyte adhesion to the arterial wall [30].

HDL is thought to prevent atherosclerosis primarily through
reverse cholesterol transport in the vessel wall. In recent
studies, mice with impaired reverse cholesterol transport
pathway showed an increase in hematopoietic stem cells,
monocytosis, neutrophilia and systemic foam cells and infil-
tration of many organs with myeloid cell lines. When these
mice were infused with reconstituted HDL, the proliferation
of hematopoietic stem cells and myeloid cell lines was re-
versed [31]. In the study by Qin et al. [32], it was shown that
monocyte increase was a predictor of plaque development
in previously plaque-free arteries. Excess lipids and inflam-
matory reactions (cellular and humoral) are considered the
major contributors to plaque development, and the loss of
smooth vascular muscle cells (VSMCs) and increased intra-
plaque hemorrhage are critical steps in necrotic core desta-
bilization and enlargement [33].

There are also studies showing that HDL is effective in mono-
cyte activation and inflammation in the development of ather-
osclerosis [34, 35]. Our results confirm this study. The fact that
neutrophils, an inflammatory marker, and HDL, which have
antiatherogenic properties, are both associated with ather-
osclerosis and with each other suggests that NHR may be a
successful indicator for many diseases with an atherosclerotic
background in the clinic. Indeed, in our study, we found that
male gender, diabetes, and CAD were independent predictors
of high MHR rate. We think that larger randomized prospec-
tive studies are needed in this regard.
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Study Limitations

There were several limitations in our study. One of them is the
retrospective design of the study. Another limitation is that
the coronary artery calcium (CAC) test was not performed. Fu-
ture studies investigating the association between MHR and
plaque and cardiovascular events should be prospectively de-
signed in larger patient series.

Conclusion

These results suggest that MHR, a novel biomarker derived
from the hematological inflammatory marker monocyte and
the antiatherogenic HDL, may be associated with CAD. Given
that CVD is an inflammatory disease, NLR, SIl and MHR may
be preferable in terms of favorable cost/benefit ratio and easy
measurement. These markers can also be calculated practically
and inexpensively from whole blood and HDL values, which
are routine tests that can be performed in primary health care
centers. It also demonstrates the usability of NLR, Sl and MHR
for monitoring and assessing disease severity. Although the
predictive performance of the MHR parameter for plaque for-
mation (sensitivity and selectivity 0.59 and 0.53, respectively)
was low, it was found to be higher in the stable plaque group
compared to the others, while it had the lowest value in the
plaque-free group. NLR and MHR are associated with plaque
formation in patients with atherosclerotic heart disease.

Ethics Committee Approval:The study was approved by Thelstan-
bul Atlas University Non-interventional Scientific Research Ethics
Committee (No: E-22686390-050.99-42823, Date: 14/05/2022).

Authorship Contributions: Concept — N.F.M., H.U,; Design -
N.F.M., B.B.; Supervision — S.N.A., G.D.O.; Funding - N.EM., H.U,,
B.B., G.D.O., S.N.A,; Materials - B.B., N.F.M,; Data collection &/or
processing - B.B.,, G.D.O.; Analysis and/or interpretation - H.U,,
S.N.A.; Literature search - N.FM., H.U,; Writing — N.FEM., G.D.O,,
H.U,; Critical review - B.B., S.N.A., H.U.

Conflict of Interest: The authors declare that there is no conflict
of interest.

Use of Al for Writing Assistance: No Al technologies utilized.

Financial Disclosure: The authors declared that this study has
received no financial support.

Peer-review: Externally peer-reviewed.

References

1. Timmis A, Vardas P, Townsend N, Tobica A, Katus H, De Smedt
D, et al; Atlas Writing Group, European Society of Cardiology.
European Society of Cardiology: Cardiovascular disease statis-
tics 2021. Eur Heart J 2022;43:716-99.

2. JungE, KongSY, RoYS, Ryu HH, Shin SD. Serum cholesterol lev-
els and risk of cardiovascular death: A systematic review and
a dose-response meta-analysis of prospective cohort studies.
Int J Environ Res Public Health 2022;19(14):8272. [CrossRef]

3. Tudurachi BS, Anghel L, Tudurachi A, Sascau RA, Statescu C.
Assessment of inflammatory hematological ratios (NLR, PLR,

10.

11.

12.

13.

14.

15.

MLR, LMR and Monocyte/HDL-Cholesterol Ratio) in acute my-
ocardial infarction and particularities in young patients. Int J
Mol Sci 2023;24(18):14378. [CrossRef]

Cosarca MC, Halmaciu l, Muresan AV, Suciu BA, Molnar C, Russu
E, et al. Neutrophil to lymphocyte, platelet to lymphocyte and
lymphocyte to monocyte ratios are associated with amputa-
tion rates in patients with peripheral arterial disease and dia-
betes mellitus who underwent revascularization: A Romanian
regional center study. Exp Ther Med 2022;24(5):703. [CrossRef]
Li X, Li J, Wu G. Relationship of neutrophil-to-lymphocyte ra-
tio with carotid plaque vulnerability and occurrence of vul-
nerable carotid plaque in patients with acute ischemic stroke.
Biomed Res Int 2021;2021:6894623. [CrossRef]

Sharma DJ Sr, Nath HJ, Batta A, Goala AK. Neutrophil-to-lym-
phocyte Ratio (NLR) useful as a cost-effective preliminary
prognostic marker in ST-Elevation Myocardial Infarction
(STEMI): An observational study from a tertiary care hospital
in Northeast India. Cureus 2023;15(3):e36885. [CrossRef]
Maleki M, Tajlil A, Separham A, Sohrabi B, Pourafkari L, Roshan-
ravan N, et al. Association of neutrophil to lymphocyte ratio
(NLR) with angiographic SYNTAX score in patients with non-
ST-Segment elevation acute coronary syndrome (NSTE-ACS).
J Cardiovasc Thorac Res 2021;13(3):216-21. [CrossRef]
Kahraman S, Agus HZ, Avci Y, Serbest NG, Guner A, Erturk M.
The neutrophil to lymphocyte Ratio (NLR) is associated with
residual syntax score in patients with ST-Segment Elevation
Myocardial Infarction. Angiology 2021;72(2):166—73. [CrossRef]
Ye Z, Hu T, Wang J, Xiao R, Liao X, Liu M, et al. Systemic im-
mune-inflammation index as a potential biomarker of car-
diovascular diseases: A systematic review and meta-analysis.
Front Cardiovasc Med 2022;9:933913. [CrossRef]

Acar B, Yayla C, Gul M, Karanfil M, Unal S, Ucar F, et al. Mono-
cyte-to-HDL-cholesterol ratio is associated with ascending
aorta dilatation in patients with bicuspid aortic valve. Afr
Health Sci 2021;21(1):96-104. [CrossRef]

Caimi G, Lo Presti R, Urso C, Brucculeri S, Carlisi M. Neutrophil/
HDL-C, Lymphocyte/HDL-C and Monocyte/HDL-C in subjects
with asymptomatic carotid atherosclerosis. Clin Hemorheol
Microcirc 2024;88(1):1-11. [CrossRef]

Sucato V, Comparato F, Ortello A, Galassi AR, Novo G. Residual
cardiovascular risk: Role of remnants cholesterol, Monocyte/
HDL Ratio and lipoprotein ratios on personalized cardiovas-
cular prevention. J Pers Med 2024;14(5):460. [CrossRef]
Gembillo G, Siligato R, Cernaro V, Satta E, Conti G, Salvo A, et
al. Monocyte to HDL ratio: A novel marker of resistant hyper-
tension in CKD patients. Int Urol Nephrol 2022;54(2):395-403.
[CrossRef]

Villanueva DLE, Tiongson MD, Ramos JD, Llanes EJ. Mono-
cyte to High-Density Lipoprotein Ratio (MHR) as a predictor
of mortality and Major Adverse Cardiovascular Events (MACE)
among ST Elevation Myocardial Infarction (STEMI) patients
undergoing primary percutaneous coronary intervention: A
meta-analysis. Lipids Health Dis 2020;19(1):55. [CrossRef]

Yakar HI, Kanbay A. Could monocyte level/HDL cholesterol
ratio predict cardiovascular diseases in patients with COPD?
Niger J Clin Pract 2020;23(4):450-5. [CrossRef]


https://doi.org/10.3390/ijerph19148272
https://doi.org/10.3390/ijms241814378
https://doi.org/10.3892/etm.2022.11639
https://doi.org/10.1155/2021/6894623
https://doi.org/10.7759/cureus.36885
https://doi.org/10.34172/jcvtr.2021.40
https://doi.org/10.1177/0003319720958556
https://doi.org/10.3389/fcvm.2022.933913
https://doi.org/10.4314/ahs.v21i1.14
https://doi.org/10.3233/CH-232019
https://doi.org/10.3390/jpm14050460
https://doi.org/10.1007/s11255-021-02904-9
https://doi.org/10.1186/s12944-020-01242-6
https://doi.org/10.4103/njcp.njcp_54_19

138

Int J Med Biochem

16.Song Y, Zhao Y, Shu Y, Zhang L, Cheng W, Wang L, et al. Com-
bination model of neutrophil to high-density lipoprotein ra-
tio and system inflammation response index is more valuable
for predicting peripheral arterial disease in type 2 diabetic
patients: A cross-sectional study. Front Endocrinol Lausanne
2023;14:1100453. [CrossRef]

17. Ustundag Y, Demir C, Demir M, Huysal K, Yesil MR, Karaca MS.
The relationship between serum vitamin D levels and hema-
tological inflammatory indices in patients with heart failure.
Int J Med Biochem 2024;7(1):1-5. [CrossRef]

18. Zeki D, Uzun H. Can additional information be obtained in the
diagnosis of heart failure in type 2 diabetics by evaluating the
hematological indices. Int J Med Biochem 2023;6(1):15-20.

19. Sun C, Xi N, Sun Z, Zhang X, Wang X, Cao H, et al. The relation-
ship between intracarotid plaque neovascularization and Lp
(a) and Lp-PLA2 in elderly patients with carotid plaque steno-
sis. Dis Markers 2022;2022:6154675. [CrossRef]

20. Aranyi Z, Gsillik A, Dévay K, Rosero M. Ultrasonographic
demonstration of intraneural neovascularization after pene-
trating nerve injury. Muscle Nerve 2018;57(6):994-9. [CrossRef]

21. Cosentino F, Grant PJ, Aboyans V, Bailey CJ, Ceriello A, Delgado
V, et al. 2019 ESC Guidelines on diabetes, pre-diabetes, and
cardiovascular diseases developed in collaboration with the
EASD. Eur Heart J 2020;41:255-323.

22.Kou T, Luo H, Yin L. Relationship between neutrophils to
HDL-C ratio and severity of coronary stenosis. BMC Cardiovasc
Disord 2021;21:127. [CrossRef]

23. Saylik F, Cinar T, Selcuk M, Tanboga iH. The relationship be-
tween uric acid/albumin ratio and carotid intima-media
thickness in patients with hypertension. Arq Bras Cardiol
2023;120(5):20220819.

24. Serhatlioglu F, Cetinkaya Z, Yilmaz Y. The role of glucose-lym-
phocyte ratio in evaluating the severity of coronary artery dis-
ease. J Clin Med 2024;13(22):6711. [CrossRef]

25.Zhu M, Lin J, Wang C, Yang M, Lv H, Yang M, et al. The rela-
tionship among angiotensinogen genes polymorphisms
and hs-CRP and coronary artery disease. J Clin Lab Anal
2019;33(5):22881. [CrossRef]

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Groenen AG, Halmos B, Tall AR, Westerterp M. Cholesterol
efflux pathways, inflammation, and atherosclerosis. Crit Rev
Biochem Mol Biol 2021;56(4):426-39. [CrossRef]

Pedro-Botet J, Climent E, Benaiges D. Atherosclerosis and
inflammation. New therapeutic approaches. Med Clin Barc
2020;155(6):256-62. [CrossRef]

Huang JB, Chen YS, Ji HY, Huang JB, Chen YS, Ji HY, et al.
Neutrophil to high-density lipoprotein ratio has a superior
prognostic value in elderly patients with acute myocardial
infarction: A comparison study. Lipids Health Dis 2020;19:59.
[CrossRef]

Lamichhane P, Agrawal A, Abouainain Y, Abousahle S, Regmi
PR. Utility of neutrophil-to-high-density lipoprotein-choles-
terol ratio in patients with coronary artery disease: A narrative
review. J Int Med Res 2023;51(4):3000605231166518. [CrossRef]
Zhang YL, Bai J, Yu WJ, Lin QY, Li HH. CD11b mediates hyper-
tensive cardiac remodeling by regulating macrophage infil-
tration and polarization. J Adv Res 2024;55:17-31. [CrossRef]
Barrett TJ, Distel E, Murphy AJ, Hu J, Garshick MS, Ogando Y,
et al. Apolipoprotein Al) promotes atherosclerosis regression
in diabetic mice by suppressing myelopoiesis and plaque in-
flammation. Circulation 2019;140(14):1170-84. [CrossRef]

Qin W, Gan F, Liang R, Li J, Lai X, Dai Y, et al. Identification of
monocyte-associated genes related to the instability of ather-
osclerosis plaque. Oxid Med Cell Longev 2022;2022:3972272.
[CrossRef]

Mebrat Y. Cellular and molecular mechanisms that underlies
the formation of atherosclerotic plaque and plaque rupture-
review. Int J Med Biochem 2023; 6(3):210-22. [CrossRef]

Guo X, Ma L. Inflammation in coronary artery disease-clinical
implications of novel HDL-cholesterol-related inflammatory
parameters as predictors. Coron Artery Dis 2023;34(1):66-77.
[CrossRef]

Jiang M, Yang J, Zou H, Li M, Sun W, Kong X. Monocyte-to-
high-density lipoprotein-cholesterol ratio (MHR) and the risk
of all-cause and cardiovascular mortality: A nationwide cohort
study in the United States. Lipids Health Dis 2022;21(1):30.
[CrossRef]


https://doi.org/10.3389/fendo.2023.1100453
https://doi.org/10.14744/ijmb.2023.71501
https://doi.org/10.1155/2022/6154675
https://doi.org/10.1002/mus.26065
https://doi.org/10.1186/s12872-020-01771-z
https://doi.org/10.3390/jcm13226711
https://doi.org/10.1002/jcla.22881
https://doi.org/10.1080/10409238.2021.1925217
https://doi.org/10.1016/j.medcle.2020.04.020
https://doi.org/10.1186/s12944-020-01238-2
https://doi.org/10.1177/03000605231166518
https://doi.org/10.1016/j.jare.2023.02.010
https://doi.org/10.1161/CIRCULATIONAHA.119.039476
https://doi.org/10.1155/2022/3972272
https://doi.org/10.14744/ijmb.2023.78309
https://doi.org/10.1097/MCA.0000000000001198
https://doi.org/10.1186/s12944-022-01638-6

