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Is Elevated Monocyte to High-Density
Lipoprotein Ratio a Predictor of
Symptomatic Plaque in Patients with
Intermediate Carotid Artery Stenosis?

Monosit/Yuksek Yogdunluklu Lipoprotein Kolesterol
Orani YUksekligi Orta DUzey Karotis Arter Darliginda
Semptomatik Plak icin Ongordirict madur?

Asim Enhos', Erdem Karacop'

Abstract

; ) ) R
Aim: Monocyte to high-density lipoprotein cholesterol (HDL-C) ratio (MHR) is a new and easily EaechrRtlsI(e;:chF:duiQ%aetllgr;ganrltvne]resrlfty,
measurable marker positively associated with inflammation. In this study, we aimed to evaluate if of Cardiology

there was a relationship between MHR and the risk of presence of symptomatic plague in patients
with intermediate carotid artery stenosis.

Materials and Methods: A total of 179 of patients who had 50%-70% stenosis in the carotid artery
were included in this retrospective cohort study. Patients were assigned into two groups based on
symptomatic (n=104) and asymptomatic (n=75) group. Groups were compared in terms of MHR.
Predictive role of MHR for presence of symptomatic plague was investigated.

Results: Monocyte to high-density lipoprotein cholesterol ratio was significantly higher in the symp-
tomatic group (11.40+4.24 vs 18.33+9.06, p<0.001). Monocyte to high-density lipoprotein choles-
terol ratio>13.48; had 70.19% sensitivity and 76.0% specificity for prediction of symptomatic plaque
(AUC: 0.787, 95% Cl: 0.720-0.840, p<0.001) in patients with intermediate carotid artery stenosis.
In a univariate analysis age, gender, hemoglobin, neutrophil count, lymphocyte count, neutrophil-
to-lymphocyte ratio (NLR), smoking, total cholesterol and MHR were significantly associated with
presence of symptomatic carotid plagues. Monocyte to high-density lipoprotein cholesterol ratio
(OR:1.330, p<0.001) and hemoglobin (OR:1.441, p=0.013) were found to be significant independent
predictors of symptomatic plagues in the carotid artery in @ multivariate analysis, after adjusting
for other risk factors.

Conclusion: MHR plays a moderate role for prediction of symptomatic plagques in the carotid artery.
Keywords: Monocyte/HDL-C ratio; carotid artery; symptomatic plaque

Oz

Amag: Monosit/ylksek yogunluklu lipoprotein kolesterol orani (MHR), inflamasyon ile pozitif iliskili
yeni ve kolayca o6lctlebilen bir belirtectir. Bu calismada orta duzey karotis arter darligi olan hastalar-
da MHR ile semptomatik plak varligi arasinda bir iliski olup olmadigini degerlendirmeyi amagladik.
Gere¢ ve Yontemler: Bu retrospektif kohort calismaya karotis arterde %50-%70 stenozu olan top-
lam 179 hasta dahil edildi. Hastalar semptomatik (n=104) ve asemptomatik (n=75) olmasina gore iki
gruba ayrildi. Gruplar MHR acisindan karsilastirildi. Semptomatik plak varligi icin MHR>nin prediktif
rolU arastirild.
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(OR: 1,330, p<0,001) ve hemoglobin (OR: 1,441, p=0,013) karotis arterdeki semptomatik plaklarin
anlamli bagimsiz prediktérleri olarak bulundu.
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INTRODUCTION

Atherosclerosis is the leading cause of stroke. It is iden-
tified as a major cause up to 20-30% of all ischemic
strokes in the world (1). The underlying pathology is
inflammation. There is mounting evidence pointing
that it plays a strong role for the onset, progression and
rupture of atherosclerotic plaque (2,3).

Monocyte causes atherosclerosis via adhesion, in-
filtration to vascular endothelium and conversion to
lipid-laden macrophages. Subsequently it becomes
main cellular component of atherosclerotic plaque
(3-5). It has been well documented that the number
of monocyte and monocyte subsets are independent
predictors of subclinical atherosclerosis and coronary
artery disease (CAD) (6,7).

High-density lipoprotein cholesterol alleviates the
deleterious effect of monocytes by blocking the expres-
sion of endothelial adhesion molecules. This alteration
causes pronounced decrease in monocyte infiltration
(3). In this process, monocytes have a proinflammato-
ry effect, while HDL acts as a anti-inflammatory mole-
cule that antagonizes this effect. Therefore, Monocyte/
HDL-cholesterol ratio (MHR) is a simple parameter
used to evaluate the inflammatory condition (8). It has
also been reported as a new prognostic marker in car-
diovascular diseases (8).

The degree of carotid artery stenosis (CAS) and
symptoms are two main factors that determine the
risk of stroke (9). According to current guidelines (10)
two situations requiring intervention are as follows: 1)
Symptomatic patients with at least 50% CAS, 2) Asymp-
tomatic patients with at least 70% CAS. There is a gray
zone including asymptomatic patients with intermedi-
ate (50-70%) CAS. Identification of high risk individu-
als with intermediate CAS for developing symptoms
is of paramount importance. Hence we hypothesized
that MHR may play an important role for prediction of
symptomatic plaques in the carotid artery. We sought to
compare symptomatic and asymptomatic patients with
intermediate CAS in terms of MHR.

I
MATERIALS AND METHODS

Study Population

We retrospectively reviewed the medical records of 305

patients who admitted to cardiology outpatient clinic,

with a previously reported 50%-70% stenosis in the ca-
rotid artery between 2013 and 2015. Patients with any
of the followings were excluded: Acute coronary syn-
drome, previous cardiac surgery, known CAD, atrial
fibrillation, concomitant severe valvular disease, heart
failure, cardiomyopathy, congenital heart defects, renal
or hepatic disease, hematological disorders, malignan-
cy, and acute or chronic inflammatory disorders. Ad-
ditionally 44 patients were not included in this analysis
due to incomplete, poor data acquisition and lost to fol-
low up. Finally 179 consecutive patients were enrolled
in the study. Groups were divided in two groups as fol-
lows: 75 patients with asymptomatic intermediate CAS
and 104 patients with symptomatic intermediate CAS.
Symptoms were defined as a history of ischemic cere-
brovascular event with or without sequelae, transient
ischemic attack, and amaurosis fugax. Carotid stenosis
was evaluated by computed tomography angiography
(CTA) in all patients. All patients were evaluated by a
committee consisting of a cardiologist, a neurologist, a
radiologist and a cardiothoracic surgeon. Study was ap-
proved by the local ethics committee with the number
3842 on 06.03.2020 and the study was conducted in ac-
cordance with ethical principles described by the Dec-
laration of Helsinki.

CTA assessments

A CT device with Philips Brilliance 64 detector (Neth-
erlands) was used for CTA. After venous access was
established through the antecubital vein and 80 mL
non-ionic contrast agent was administered at a rate
of 4.5 mL/sec, axial-plane CT images of the carotid
and cerebral arteries were obtained using the tracking
method. Acquired slices were transferred to the work-
station (Philips Intellispace Portal) and multi-plane
images, maximum intensity projection and volume
rendering 3-dimensional images were developed by
post-processing the original slices via appropriate soft-
ware (AVA). These images were examined for vascular
plaques and stenosis. The stenosis caused by plaques
as detected using CDUS was assessed according to the
criteria developed by the Internal CAS Criteria Con-
sensus Committee. The severity of stenosis detected
on CTA was evaluated according to the criteria of the
North American Symptomatic Carotid Endarterec-
tomy Trial.
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Blood samples

Fasting blood samples were taken from a large ante-
cubital vein of each patient to determine biochemical
parameters and hemogram parameters. EDTA-tubes
were used for automatic blood count. Blood counts
were measured with a Beckman Coulter LH 780 He-
matology Analyzer. Total cholesterol, triglyceride,
low-density lipoprotein and high density lipoprotein
levels were measured by colorimetric method (Abbott
Laboratories, Abbott Park, IL,USA). The ratio of ab-
solute monocyte count to HDL-cholesterol value was
calculated as MHR.

Statistical analysis

All the statistical data were analyzed by the SPSS 15.0
for Windows (SPSS Inc., Chicago, IL, USA). Categori-
cal data was expressed as percentages and continuous
data was expressed as mean + standard deviation. The
Kolmogorov-Smirnov test was used to evaluate the
distribution of continuous variables. Both groups were
compared using the chi-square test for qualitative vari-
ables or the Fisher exact test when appropriate, and the
independent t-test for normally distributed continuous
variables. Continuous variables that were not normally
distributed are presented as median and interquartile
ranges. Pearson test was used in the correlation analy-
sis between parametric variables. Receiver-operating
characteristic (ROC) analysis was performed for MHR
in order to determine optimal cut-off values and to ob-
tain the sensitivity and specificity for each variable to
predict the symptomatic carotid plaque. A multivariate
logistic regression model was performed by including
the parameters that differed significantly between the
groups in order to identify the independent predictor
of symptomatic carotid plaque. A p-value of <0.05 was
considered significant.

I
RESULTS
Baseline demographical characteristics and clinical,

laboratory data of 179 patients (104 symptomatic and
75 asymptomatic) were summarized in Table 1. Hy-
pertension (p=0.016) and male gender (p=0.016) were
higher in symptomatic group.

White blood cell count (p<0.001), neutrophil count
(p<0.001), monocyte count (p=0.001), hemoglobin
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level (p=0.002), creatinine level (p=0.008), platelet dis-
tribution width (PDW) (p<0.001) were higher in the
symptomatic group. However HDL (p<0.001), LDL
(p=0.038), total cholesterol (p=0.008) and lymphocyte
count (p=0.001) were found to be lower in the symp-
tomatic group (Table 1).

MHR was found to be significantly higher in the
symptomatic group (p<0.001). A receiver operating
characteristic curve was generated for sensitivity and
specificity, and the respective areas under the curve
(AUCs) were used to investigate the predictive value
of MHR for prediction of symptomatic plaque (Figure
1). MHR with a cut-off of 13.48; had 70.19% sensitiv-
ity and 76.0% specificity for prediction of symptomatic
plaque (AUC: 0.787, 95% CI: 0.720-0.840, p<0.001)
in patients with intermediate CAS. In a univariate
analysis age, gender, hemoglobin, neutrophil count,
lymphocyte count, NLR, smoking, total cholesterol
and MHR were significantly associated with progres-
sion of symptomatic carotid plaques. MHR (OR:1.330,
p<0.001) and hemoglobin (OR:1.441, p=0.013) was
found to be a significant independent predictor of
symptomatic plaques in the carotid artery in a mul-
tivariate analysis, after adjusting for other risk factors
(Table 2).

I
DISCUSSION

The main findings of the present study were as follows:

i) A raised MHR was found to be significantly higher
in patients with moderate CAS who became symptom-
atic. ii) MHR had moderate sensitivity and specificity
to predict symptomatic plaque in patients with inter-
mediate CAS. iii) MHR was found to be a significant
independent predictor for symptomatic plaque in pa-
tients with intermediate CAS, after adjusting for other
risk factors in multivariate analysis.

Atherosclerosis is identified as a major cause of
death worldwide (11). Inflammation and oxidative
stress are two mechanisms known to be effective in the
onset and progression of atherosclerosis (12). Mono-
cytes play a key role in this process. Activated mono-
cytes interact with the damaged endothelium, causing
overexpression of proinflammatory cytokines and
adhesion molecules. Monocyte chemotactic protein
1 ligand, vascular cell adhesion molecule 1, intercel-
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Table 1. Demographic, clinic and laboratory characteristics of the groups studied

Variables

Asymptomatic group(n:75)

Symptomatic Group(n:104) P value

70.55£10.08
34 (45.3%)
37 (49.3%)
18 (24%)

Age, in years
Male gender, n(%)
Hypertension, n(%)

Diabetes mellitus, n(%)

Smoking, n(%) 14 (18.7%)
Glucose, mg/dl 113.52459.29
Creatinine, mg/dl 0.84+0.19
Hemoglobin, gr/dl 12.93+1.46
White blood cell count, x 10°/L 7.52+1.81
Neutrophil count, x 10°*/L 4.22+1.35
Lymphocyte count x 10°/L 2.50£0.72
Monocyte count x 10°/L 0.57£0.18
Rdw 14.29+1.64
Pdw 17.14+3.21
Mpv 8.66+1.71
Platelet count x 10°/L 245.77+64.64
LDL cholesterol, mg/dl 125.14+27.75
HDL cholesterol, mg/dl 51.89+9.68
Triglyceride (TG), mg/dl 150.78+89.49
Total cholesterol, mg/dl 206.23+£39.65
Monocyte count/HDL cholesterol ratio (MHR) 11.40+4.24

70.59+9.72. 0.979
66 (63.5%) 0.016
70 (67.3%) 0.016
33 (31.7%) 0.258
32 (30.8%) 0.068
115.94+41.19 0.747
0.93+0.22 0.008
13.66+1.64 0.002
8.67+2.46 <0.001
5.72+2.15 <0.001
2.12+0.80 0.001
0.69+0.25 0.001
14.25+2.08 0.874
19.05£1.95 <0.001
8.10+1.55 0.023
245.48+62.15 0.976
115.41£32.73 0.038
40.55%10.35 <0.001
144.86+65.42 0.609
189.48+42.15 0.008
18.33+£9.06 <0.001

*RDW: Red cell distribution width, PDW: Platelet distribution width, MPW: Mean platelet voliime, HDL: High density lipoprotein, LDL:

Low density lipoprotein

Table 2. Independent predictors of symptomatic carotid plaque in the multivariate logistic regression analysis

Odds ratio Confidence interval(%95) P value
Age 1.019 0.973-1.067 0.420
Gender 0.610 0.364-1.025 0.062
Hemoglobin 1.441 1.079-1.926 0.013
Neutrophil count 1.162 0.439-3.081 0.762
Lymphocyte count 0.725 0.116-4.514 0.730
NLR 3.607 0.651-19.986 0.142
Smoking 1.275 0.741-2.196 0.381
Total cholesterol 1.002 0.992-1.013 0.700
MHR 1.330 1.186-14.930 <0.001

* NLR: Neutrophil tolymphocyte ratio; MHR: Monocyte to HDL-cholesterol ratio

lular adhesion molecule 1 and monocyte chemotactic
protein 1 ligand are the most commonly encountered
molecules in this process. Subsequently monocytes
convert to macrophages that ingest oxidized LDL cho-
lesterol and form foam cells (13).

HDL inhibits all aspects of atherosclerosis. The
underlying pathophysiology of atherosclerosis is the
interaction between monocytes and vascular endo-
thelium. HDL breaks this vicious cycle by inhibiting
activation, adhesion and infiltration of monocytes (14,
15). At cellular level HDL exerts its effect by block-

ing progenitor cells that form monocytes (16). On the
other hand it induces vasodilatation and nitric oxide
production (17-19). MHR emerges as a combination
of these two parameters and reflects the underlying in-
flammatory process.

Previously, A¢ikgoz et al. evaluated the endothelial
function with the flow-mediated dilatation technique
and reported that MHR was associated with endothe-
lial dysfunction and systemic inflammation in Behget’s
disease (20). Moreover Chen et al. showed that MHR
was a useful parameter for detection and progres-
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Figure 1. The receiver operating characteristic curve of the MHR for
predicting symptomatic carotid plaque

sion of subclinical carotid atherosclerosis in diabetics
(21). It has been previously postulated that MHR had
a prognostic value in patients with CAD undergoing
percutaneous coronary intervention (22) and was an
independent factor for 30-day mortality in patients
with acute ischemic stroke (23). Additionally MHR
was found to be increased in myocardial bridge (24),
coronary ectasia (25) and coronary slow flow (8).

The main pathophysiological connections be-
tween MHR and stroke can be endothelial dysfunc-
tion and inflammation. Inflammation not only causes
monocyte activation and infiltration, but also reduces
HDL. Previous studies showed that MHR was asso-
ciated with systemic inflammation (8). In this study,
we found that MHR was associated with symptomatic
plaque progression in intermediate CAS. Although
several parameters including neutrophil-to-lympho-
cyte ratio (NLR) were previously investigated for
symptomatic plaque progression in the same patient
group (26), there was no clinical study in the literature,
which has evaluated the predictive value of MHR for
this purpose. MHR had moderate sensitivity (70.19%)
and specificity (76.0%) and was found to be a signifi-
cant independent predictor of symptomatic plaque in
our study.

Several uncertainties exist in asymptomatic inter-
mediate CAS. MHR may provide additional benefit in
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risk stratification and treatment algorithm. CTA could
be performed frequently in high risk patients during
follow up. Aggressive medical treatment including
high dose statins and antiaggregants may be initiated
earlier in patients with high MHR. Additionally early
invasive strategy could be taken into account.

Some limitations of our study are as follows. It was
a single center study and performed in the small pop-
ulation. Serial MHR changes were not evaluated be-
cause we only measured MHR at baseline. Due to the
lack of registration, no comparison has been made be-
tween inflammatory marker levels such as C-reactive
protein with MHR. Moreover, not all comorbidities
and environmental factors that may affect inflamma-
tory markers were taken into account.

I
CONCLUSION

MHR is a marker of inflammation and atherosclerosis.

Increased MHR may be one of the factor associated
with the development of symptoms in intermediate
CAS.

Financial Support
There is no financial support for this study.

Conflict of Interest
There is no conflict of interest regarding this study.

I

REFERENCES

1. Gorelick PB, Wong KS, Bae HJ, Pandey DK. Large artery
intracranial occlusive disease: a large worldwide burden
but a relatively neglected frontier. Stroke. 2008;39:2396-
99.

2. Hansson GK, Libby P, Schonbeck U, Yan ZQ. Innate and
adaptive immunity in the pathogenesis of atherosclero-
sis. Circ Res. 2002;91:281-91.

3. Libby P. Inflammation in atherosclerosis. Arterioscler
Thromb Vasc Biol. 2012;32:2045-51.

4. Hristov M, Heine GH. Monocyte subsets in atheroscle-
rosis. Hamostaseologie. 2015;35(2):105-12.

5. Moore KJ, Sheedy FJ, Fisher EA. Macrophages in ath-
erosclerosis: a dynamic balance. Nat Rev Immunol.
2013;13:709-21.

6. Chapman CM, Beilby JP, McQuillan BM, Thompson PL,

Hung J. Monocyte count, but not c-reactive protein or




Enhos and Karacop

Monocyte/HDL Ratio in Carotid Stenosis g

10.

11.

12.

13.

14.

15.

interleukin-6, is an independent risk marker for sub-
clinical carotid atherosclerosis. Stroke. 2004;35:1619-24.
Matsumura T, Taketa K, Motoshima H, Senokuchi T,
Ishii N, Kinoshita H, et al. Association between circulat-
ing leukocyte subtype counts and carotid intima-media
thickness in Japanese subjects with type 2 diabetes. Car-
diovasc Diabetol. 2013;12:177.

Canpolat U, Cetin EH, Cetin S, Aydin S, Akboga MK,
Yayla C, et al. Association of monocyte-to-HDL cho-
lesterol ratio with slow coronary flow is linked to sys-
temic inflammation. Clin Appl Thromb Hemost.
2016;22(5):476-82.

Liapis CD, Bell PR, Mikhailidis D, Sivenius ], Nicolaides
A, Fernandes e Fernandes J, et al. ESVS guidelines. In-
vasive treatment for carotid stenosis: indications, tech-
niques. Eur ] Vasc Endovasc Surg 2009;37(4 Suppl):1-19.
Brott TG, Halperin JL, Abbara S, Bacharach JM, Barr JD,
Bush RL, et al. ASA / ACCF /AHA / AANN / AANS /
ACR / ASNR / CNS / SAIP / SCAI/ SIR / SNIS / SVM
/ SVS guideline on the management of patients with ex-
tracranial carotid and vertebral artery disease: executive
summary: a report of the American College of Cardiol-
ogy Foundation/American Heart Association Task Force
on Practice Guidelines, and the American Stroke Asso-
ciation, American Association of Neuroscience Nurses,
American Association of Neurological Surgeons, Ameri-
can College of Radiology, American Society of Neuro-
radiology, Congress of Neurological Surgeons, Society
of Atherosclerosis Imaging and Prevention, Society for
Cardiovascular Angiography and Interventions, Soci-
ety of Interventional Radiology, Society of Neuroln-
terventional Surgery, Society for Vascular Medicine,
and Society for Vascular Surgery. ] Am Coll Cardiol.
2011;57:1002-44.

Mathers CD, Boerma T, Ma Fat D. Global and regional
causes of death. Br Med Bull. 2009;92:7¢32.

Cybulsky MI, Gimbrone JrMA. Endothelial expression
of a mononuclear leukocyte adhesion molecule during
atherogenesis. Science. 1991;251:788e91.

Ghattas A, Griffiths HR, Devitt A, Lip GY, Shantsila
E. Monocytes in coronary artery disease and ath-
erosclerosis: where are we now? ] Am Coll Cardiol.
2013;62(17):1541-1551.

Murphy AJ, Chin-Dusting JP, Sviridov D, Woollard K]J.
The anti inflammatory effects of high density lipopro-
teins. Curr Med Chem. 2009;16(6):667-75.

Murphy AJ, Woollard KJ. High-density lipoprotein: a
potent inhibitor of inflammation. Clin Exp Pharmacol
Physiol. 2010;37(7):710-8.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Yvan-Charvet L, Pagler T, Gautier EL, Avagyan S, Siry
RL, Han H, et al. ATP-binding cassette transporters and
HDL suppress hematopoietic stem cell proliferation. Sci-
ence. 2010;328(5986):1689-93.

Li XP, Zhao SP, Zhang XY, Liu L, Gao M, Zhou QC, et
al. Protective effect of high density lipoprotein on en-
dothelium dependent vasodilatation. Int J Cardiol.
2000;73(3):231-6.

Kuvin JT, Ramet ME, Patel AR, Pandian NG, Men-
delsohn ME, Karas RH. A novel mechanism for the
beneficial vascular effects of high-density lipoprotein
cholesterol: enhanced vasorelaxation and increased en-
dothelial nitric oxide synthase expression. Am Heart J.
2002;144(1):165-72.

Kuvin JT, Patel AR, Sidhu M, et al. Relation between
high-density lipoprotein cholesterol and peripheral va-
somotor function. Am J Cardiol. 2003;92(3):275-79.
Acikgoz N, Kurtoglu E, Yagmur J, Kapicioglu Y, Cansel
M, Ermis N. Elevated monocyte to high-density lipo-
protein cholesterol ratio and endothelial dysfunction in
behcet disease. Angiology. 2018;69:65-70.

Chen JW, Li C, Liu ZH, Shen Y, Ding FH, Shu XY, et al.
The role of monocyte to high-density lipoprotein choles-
terol ratio in rrediction of carotid intima-media thick-
ness in patients with type 2 diabetes. Front Endocrinol
(Lausanne). 2019;10:191.

Wu TT, Zheng YY, Chen Y, Yu ZX, Ma YT, Xie X. Mono-
cyte to high-density lipoprotein cholesterol ratio as long-
term prognostic marker in patients with coronary artery
disease undergoing percutaneous coronary intervention.
Lipids Health Dis. 2019;18(1):180.

Bolayir A, Gokce SF, Cigdem B, Bolayir HA, Yildiz OK,
Bolayir E, et al. Monocyte/high-density lipoprotein ratio
predicts the mortality in ischemic stroke patients. Neu-
rol Neurochir Pol. 2018;52(2):150-55.

Enhos A, Cosansu K, Huyut MA, Turna F, Karacop E,
Bakshaliyev N, et al. Assessment of the relationship be-
tween monocyte to high-density lipoprotein ratio and
myocardial bridge. Arq Bras Cardiol. 2019;112(1):12-17.
Kundi H, Gok M, Kiziltunc E, Cetin M, Cicekcioglu H,
Cetin ZG, et al. Relation between monocyte to high-
density lipoprotein cholesterol ratio with presence and
severity of isolated coronary artery ectasia. Am J Car-
diol. 2015;116(11):1685-9.

Koklu E, Yuksel IO, Arslan S, Bayar N, Cagirc G,
Gencer ES, et al. Is elevated neutrophil-to-lymphocyte
ratio a predictor of stroke in patients with intermedi-
ate carotid artery stenosis? ] Stroke Cerebrovasc Dis.
2016;25(3):578-84.

Anatolian Clinic Journal of Medical Sciences, January 2021; Volume 26, Issue 1

22



