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INTRODUCTION

Carotid atherosclerotic stenosis is an important 
risk indicator for the development of cerebro-cardio-
vascular events. As the severity of carotid stenosis 
increases, the risk of stroke increases1. Inflam-
mation has an important role in the development, 

advancement, and destabilization of carotid athero-
sclerosis2,3. Atherosclerotic lesions in the carotid 
arteries have been found to be related to inflamma-
tory markers3,4.

Monocytes, one type of inflammatory marker, or 

SUMMARY

OBJECTIVE: Monocyte count to HDL-C Ratio (MHR) and Fibrinogen to Albumin Ratio (FAR) have recently emerged as markers of 
inflammation in atherosclerotic diseases. Our goal was to investigate the relationships of MHR and FAR with the severity of carotid 
artery stenosis (CAS) in patients with asymptomatic carotid artery disease.

METHODS: This retrospective study consisted of 300 patients with asymptomatic CAS. Pre-angiographic MHR, FAR, and high-sensitive 
C-reactive protein (hsCRP) were measured. Carotid angiography was performed in patients with ≥50% stenosis on carotid ultrasonog-
raphy. Patients were first split into 2 groups based on the degree of CAS and then tertiles (T) of MHR.

RESULTS: 96 patients had clinically insignificant CAS (<50%) (Group-1), and 204 patients had clinically significant CAS (≥50%) (Group-2). 
Group-2 had higher MHR, FAR, and hsCRP than group-1. Patients in T3 had higher MHR, FAR, and hsCRP than in T1 and T2. MHR, 
FAR, and hsCRP were correlated with each other (p<0.001, for all). MHR, FAR, and hsCRP were independent predictors of significant 
CAS. MHR better predicted a significant CAS than FAR and hsCRP (p<0.05).

CONCLUSION: Pre-angiographic MHR may be a better predictor than FAR and hsCRP in identifying a clinically significant carotid ste-
nosis in patients with asymptomatic CAS. Patients with asymptomatic CAS and a high level of MHR should be followed-up closely to 
supervise risk-factor control and intensify treatment.
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acute coronary syndromes, acute cerebrovascular dis-
eases, connective tissue diseases, thyroid disorders, 
pulmonary diseases, kidney diseases, recent operation 
(<3 months), and trauma were excluded. Other sys-
temic disorders such as inflammatory and infectious 
diseases were also excluded from the trial. All par-
ticipants gave written informed consent before being 
enrolled. The study was regulated in compliance with 
the Declaration of Helsinki. The local ethical commit-
tee approved our study.

All blood samples were taken, following 12h of 
fasting, in the morning of the day in which carotid 
angiography was performed. A complete blood count 
with automated differential counts and lipid profile 
was assessed. MHR was calculated as the ratio of the 
monocyte count to HDL-C. Fibrinogen and serum albu-
min levels were evaluated. The FAR was measured as 
the ratio of fibrinogen to albumin. Clinically significant 
CAS was defined as a stenosis diameter of ≥50%18.

Continuous variables were given as means ± stan-
dard deviation (SD), whereas categorical ones were 
given as percentages (%). Kolmogorov-Smirnov test 
was used to test the normal distribution of measure-
ments. When comparing more than 2 groups, ANOVA 
or the Kruskal Wallis test was used. For comparison 
of the continuous data between the two groups, an 
independent t-test or a Mann-Whitney U test was used 
according to whether the data had a normal distri-
bution or not, respectively. For categorical data, the 
χ2 test was used for further analysis. The Pearson 
or Spearmen test was used to assess correlations 
between the variables. In order to identify indepen-
dent predictors of significant CAS in patients with 
asymptomatic carotid artery disease, univariate and 
then multivariate logistic analyses were carried out. 
To identify the cutoff values of MHR, FAR, and hsCRP 
in predicting a significant CAS, a receiver operating 
characteristic (ROC) curve was produced. To compare 
the AUCs from the ROC curves of these 3 inflamma-
tory parameters, the deLong test was used. A 2-sided 
p-value of less than 5% was accepted as statistically 
significant. SPSS software was used for all analyses 
(version 22.0; SPSS Inc).

RESULTS

A total of 300 patients with asymptomatic CAS 
were included into the study. Patients were split into 
2 groups based on the severity (or clinical significance) 
of CAS obtained during the carotid angiography. 96 

their subunits have an independent role in predict-
ing subclinical atherosclerosis and cardiovascular 
disease5,6. High-density lipoprotein-cholesterol (HDL-
C) has anti-inflammatory and anti-oxidant effects by 
inhibiting the adhesion of monocytes to the endothe-
lium. Low HDL-C levels lead to the progression of 
atherosclerosis5,7,8. Fibrinogen, a component of the 
coagulation cascade, has pro-inflammatory effects and 
has been demonstrated to have an essential role in 
atherogenesis4. Serum albumin, responsible for the 
vast majority of total osmotic pressure, plays a crucial 
role in inhibiting platelet activation and aggregation9. 
A low albumin level is associated with the increased 
viscosity and concentration of free lysophosphatidyl-
choline, which may give rise to endothelial dysfunc-
tion10. Monocyte to HDL-C ratio (MHR) and fibrinogen 
to albumin ratio (FAR) have been reported to be more 
suitable and efficient as a marker of cardiovascular 
disease than their individual measurements11,12.

In several studies, MHR and FAR have been demon-
strated to be related to adverse outcomes in patients 
with risk factors or cardiovascular disease5,8,11-17. MHR 
and FAR may be used as cost-effective predictors of 
adverse events. To our knowledge, there has been 
no research assessing the pre-angiographic value of 
MHR and FAR to determine the severity of carotid 
artery stenosis (CAS). The hypothesis of the pres-
ent research was that the relationship of MHR and 
FAR with carotid stenosis might help better classify 
the risk of those patients at a higher risk for carotid 
events. Therefore, we aimed to investigate MHR and 
FAR before carotid angiography and determine their 
relationships with the severity of CAS obtained during 
carotid angiography in patients with asymptomatic 
carotid artery disease.

METHODS

The study design was retrospective. A total of 300 
asymptomatic patients with multiple cardiovascular 
risk factors who presented to cardiology and neurol-
ogy outpatient clinics were included. Patients had 
undergone bilateral carotid angiograms due to ≥ 50% 
stenosis in at least 1 internal carotid artery on the 
duplex carotid ultrasonography between January 2018 
and May 2019. Subjects with left ventricular hyper-
trophy, systolic dysfunction (ejection fraction less 
than 50%), moderate to severe diastolic dysfunction, 
moderate to severe valvular disease, arrhythmias, left 
bundle branch block, heart enlargement or failure, 
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(T1:<10.33; T2:10.33–16.60; T3:>16.60). Table 2 shows 
the comparison of clinical and laboratory parame-
ters of patients by tertiles (T) of MHR. Patients in T3 
showed higher hsCRP, fibrinogen, monocyte counts, 
and lower HDL-C, and also higher FAR than in T1 and 
T2. Patients in T3 and T2 also showed a greater degree 
of CAS than in T1.

According to univariate analysis, age, diabetes mel-
litus, BMI, history of CAD, the presence of 2-sided 
carotid disease, MHR, FAR, and hsCRP were signifi-
cantly associated with significant CAS. Multivariate 
analysis showed that diabetes mellitus, BMI, MHR, 
FAR, and hsCRP were independent predictors of sig-
nificant CAS.

In the correlation analysis, MHR, FAR and hsCRP 
were significantly correlated to each other (MHR-
hsCRP: r=0.706, p<0.001; FAR-hsCRP: r=0.622, 
p<0.001; MHR-FAR: 0.637, p<0.001). While the degree 
of CAS was associated with MHR (r=0.195, p=0.001) 
and FAR (r=0.166, p=0.004), it was not associated with 
hsCRP (r=0.093, p=0.106).

Finally, the ROC curve analysis showed the cutoff 
value of ≥11 for MHR with a sensitivity of 75% and 
a specificity of 70% (AUC: 0.732; CI, 0.660-0.804; 

TABLE 1. COMPARISON OF CLINICAL AND 
LABORATORY DATA ACCORDING TO THE SEVERITY 
OF CAROTID STENOSIS IN PATIENTS WITH 
ASYMPTOMATIC CAROTID ARTERY DISEASE.

Variables (Group-1)
Insignifi-
cant CAS
(< 50%)
(n = 96)

(Group-2)
Significant 
CAS
(≥ 50%)
(n = 204)

P value

Clinical data 
Age, (years) 70.0 ± 7.2 72.5  ± 7.2 0.008
Female gender, n (%) 43 (44.7) 97 (47.5) 0.710
Hypertension, n (%) 47 (48.9) 116 (56.9) 0.216
Hyperlipidemia, n (%) 42 (43.8) 96 (47.1) 0.621
Diabetes mellitus, n (%) 24 (25.0) 79 (38.7) 0.020
Current smoker, n (%) 32 (33.3) 70 (34.3) 0.867
BMI, kg/m2 26.1 ± 2.5 26.8 ± 2.9 0.031
History of CAD 32 (33.3) 94 (46.1) 0.045
LVEF (%) 62 ± 5.1 61 ± 5.5 0.319
Statin, n (%) 32 (33.3) 89 (43.6) 0.102
ACE-I/ARB, n (%) 43 (44.8) 109 (53.4) 0.175
Beta blocker, n (%) 41 (42.7) 99 (48.5) 0.386
Pre-angiographic laboratory data
Serum creatinine (mg/dL) 0.90 ± 0.15 0.91 ± 0.16 0.723
hsCRP (mg/dL) 2.68 ± 1.95 3.42 ± 1.76 0.002
Fibrinogen (mg/dL) 289 ± 68 312 ± 63 0.004
Albumin (mg/dL) 3.94 ± 0.48 3.76 ± 0.52 0.006
Fibrinogen to albumin 
ratio 

74 ± 19 84 ± 21 < 0.001

LDL-C (mg/dL) 126 ± 30 127 ± 27 0.698
HDL-C (mg/dL) 41 ± 12 34 ± 8 < 0.001
Hemoglobin (g/dL) 13.6 ± 1.5 13.7 ± 1.6 0.543
WBC (x103/mm3) 6.9 ± 1.3 7.2 ± 1.7 0.081
Platelet (x103/mm3) 242 ± 97 246 ± 88 0.691
Monocyte (x106/mm3) 417 ± 164 495 ± 143 < 0.001
Monocyte to HDL ratio 12.1 ± 8.4 15.7 ± 6.2 < 0.001
Bilateral CAS, n (%) 19 (19.8) 64 (31.3) 0.039
The degree of CAS, (%) 23 ± 11 70 ± 14 < 0.001

ACE-I, angiotensin-converting enzyme inhibitors; ARB, angiotensin receptor block-
er; BMI, body mass index; CAD, coronary artery disease; CAS, carotid artery stenosis; 
hsCRP, high-sensitivity C-reactive protein; HDL-C, high-density lipoprotein-choles-
terol; LVEF, left ventricular ejection fraction; LDL-C, low-density lipoprotein-choles-
terol; WBC, white blood cell.  

patients (32%) had clinically insignificant CAS (<%50) 
(group-1), 204 patients (68%) had clinically significant 
CAS (≥50%) (group-2). Table 1 shows the comparison 
of clinical and laboratory data of the two groups. 
Group-2 patients had older age, a greater body mass 
index, higher rates of history of coronary artery dis-
ease (CAD), diabetes mellitus, and 2-sided carotid 
disease, lower albumin and HDL-C, greater hsCRP, 
monocyte, and fibrinogen, and greater MHR and FAR 
than group-1 patients. Then, the study population was 
split into tertiles (T) based on pre-angiographic MHR 

FIGURE 1. RECEIVER OPERATING CHARACTERISTIC 
(ROC) CURVES OF THE PRE-ANGIOGRAPHIC 
MONOCYTE TO HDL RATIO (MHR), FIBRINOGEN 
TO ALBUMIN RATIO (FAR,) AND HIGH-SENSITIVE 
C-REACTIVE PROTEIN (HSCRP) FOR PREDICTING 
CLINICALLY SIGNIFICANT CAROTID STENOSIS IN 
PATIENTS WITH ASYMPTOMATIC CAROTID ARTERY 
DISEASE. (AUC, AREA UNDER THE CURVE; CI, 
CONFIDENCE INTERVAL)
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TABLE 2. COMPARISON OF CLINICAL AND LABORATORY DATA BY TERTILES OF MHR IN 
PATIENTS WITH ASYMPTOMATIC CAROTID ARTERY DISEASE.

Variables Tertile 1 
(<10.33) 
(n = 100)

Tertile 2 
(10.33-16.60) 
(n = 100)

Tertile 3 (>16.60) 
(n = 100)

P value

Clinical data
Age (years) 71.1 ± 7.2 71.4 ± 7.1 72.8 ± 7.5 0.219
Female gender, (n, %) 42 (42) 47 (47) 51 (51) 0.443
Hypertension, (n, %) 49 (49) 59 (59) 55 (55) 0.361
Hyperlipidemia, (n, %)  41 (41) 46 (46) 51 (51) 0.366
Current smoker, (n, %) 31 (31) 38 (38) 33 (33) 0.560
BMI (kg/m2) 26.4 ± 2.5 26.5 ± 2.9 26.8 ± 2.9 0.586
History of CAD, (n, %) 36 (36) 40 (40) 52 (52) 0.059
LVEF (%) 60.9 ± 5.1 61.1 ± 5.3 62.1 ± 5.6 0.240
Statin, (n, %) 40 (40) 39 (39) 42 (42) 0.903
ACE-I/ARB, (n, %) 44 (44) 50 (50) 58 (58) 0.118
Beta blocker, (n, %) 44 (44) 47 (47) 49 (49) 0.760
Pre-angiographic laboratory data
Serum creatinine (mg/dL) 0.90 ± 0.15 0.91 ± 0.16 0.90 ± 0.16 0.907
hsCRP (mg/L) 2.45 ± 1.7 3.22 ± 1.9* 3.85 ± 1.7** < 0.001
Fibrinogen (mg/dL) 283 ± 63 305 ± 59* 326 ± 67** < 0.001
Albumin (mg/dL) 3.87 ± 0.52 3.82 ± 0.42 3.79 ± 0.58 0.522
Fibrinogen to albumin ratio 74 ± 19 81 ± 18* 88 ± 23** < 0.001
LDL-C (mg/dL) 126 ± 30 127 ± 27 127 ± 26 0.977
HDL-C (mg/dL) 46 ± 9 34 ± 5* 29 ± 5** < 0.001
Hemoglobin (g/dL) 13.8 ± 1.7 13.7 ± 1.4 13.6 ± 1.6 0.816
WBC (x103/mm3) 6.9 ± 1.6 7.1 ± 1.5 7.2 ± 1.7 0.346
Platelet (x103/mm3) 250 ± 102 253 ± 88 259 ± 84 0.787
Monocyte (x106/mm3) 314 ± 31 447 ± 88* 647 ± 80** < 0.001
Monocyte to HDL ratio 7.2 ± 1.7 13.3 ± 1.9* 23 ± 4.3** < 0.001
Bilateral CAS, n (%) 26 (26) 23 (23) 34 (34) 0.199
The degree of CAS, (%) 45 ± 24 59 ± 26* 62 ± 21¶§ <0.05

ACE-I, angiotensin-converting enzyme inhibitors; ARB, angiotensin receptor blocker; BMI, body mass index; CAD, coronary artery disease; CAS, 
carotid artery stenosis; hsCRP, high-sensitivity C-reactive protein; HDL-C, high-density lipoprotein-cholesterol; LVEF, left ventricular ejection 
fraction; LDL-C, low-density lipoprotein-cholesterol; WBC, white blood cell.  *Tertile-2 vs. Tertile-1; p<0.05. **Tertile-3 vs. Tertile-1 and Tertile-3 vs. 
Tertile-2; p<0.05. ¶Tertile-3 vs. Tertile-1; p<0.05. §Tertile-3 vs. Tertile-2; p>0.05

p<0.001), and the cutoff value of ≥75 for FAR with 
a sensitivity of 68% and a specificity of 53% (AUC: 
0.629; CI, 0.562-0.697; p<0.001), and the cut-off 
value ≥2.2 for hsCRP with a sensitivity of 70% and 
a specificity of 54% (AUC: 0.626; CI, 0.555-0.697; 
p<0.001) to predict significant CAS. The predictive 
values of pre-angiographic MHR, FAR, and hsCRP 
were compared by their AUCs. Pre-angiographic 
MHR better predicted a significant CAS than FAR 
and hsCRP (p<0.05) (Figure 1).

DISCUSSION

In our study, we demonstrated that pre-angio-
graphic levels of MHR, FAR, and hsCRP in patients 
with significant CAS were higher than in those with 

insignificant CAS. Pre-angiographic MHR was found 
to be a better predictor than FAR and hsCRP in deter-
mining the presence of a clinically significant CAS in 
patients with asymptomatic carotid artery disease.

Monocytes act as a crucial source of pre-inflam-
matory species during atherosclerosis, and they 
change into foam cells to release pro-inflammatory 
and pro-oxidant cytokines, resulting in the collection 
of more monocytes and building up of cholesterol 
ester-loaded plaque at the inflammation area5. Several 
studies have shown that greater monocyte counts are 
a crucial indicator of adverse events in atherosclerotic 
diseases such as CAD and ischemic stroke5,6. HDL-C 
has anti-inflammatory and anti-oxidant effects by 
hindering LDL-C oxidation and monocytes entering 
into the vascular wall, resulting in endothelial or 
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vascular protection from inflammation and oxidative 
stress5,7. Ultimately, while monocytes play an active 
role through their pro-oxidant and pro-inflammatory 
effects, HDL-C serves as a neutralizer by suppressing 
inflammatory markers such as monocytes in athero-
sclerotic events. For this reason, the integration of 
monocytes and HDL-C into MHR produces an orga-
nized formula to assess atherosclerosis by examining 
the association between inflammation and dyslipid-
emia5,8. Investigations have shown the usability of 
MHR to predict cardiovascular outcomes of metabolic 
syndrome and several atherosclerotic diseases, such 
as in-stent restenosis, and CAD14-16. Recently, Cetin et 
al.16 found that MHR was an independent predictor 
of the severity of CAD and had a significantly positive 
correlation with CRP levels. In our study, MHR was a 
better predictor than FAR and hsCRP in determining 
significant CAS and had a significant association with 
FAR and hsCRP, indicating that inflammation could 
play a pivotal role in the pathogenesis of carotid ath-
erosclerosis. In line with our findings, Wang et al.8 
evaluated the association between MHR and ischemic 
stroke and found a linear relation of MHR with isch-
emic stroke in a large cohort.

Patients with CAS have high fibrinogen levels3,4. 
Little is known about the relationship between 
albumin level and CAS, and data from those stud-
ies have been inconsistent19,20. Because fibrinogen 
and albumin a positive and negative correlations 
with the inflammatory reaction, respectively, their 
proportion may be associated with inflammation. 
Therefore, fibrinogen and albumin levels have been 
recommended to be assessed together, when their 
effects on cardiovascular disease are explored11,12. 
FAR was found to be significantly higher in patients 
with cardiovascular events than in those without any 
cardiovascular event11. In a study by Karahan et al.17 
FAR was reported to be a highly specific indicator for 
predicting the severity of CAD in ST-elevation myo-
cardial infarction. Moreover, He et al.12 have recently 
shown that FAR might serve as a prognostic marker 
in non-ST-elevation myocardial infarction. In line 
with these data, we found that FAR was one of the 
indicators in predicting significant CAS in our study. 
Additionally, we observed that FAR was associated 
with other inflammatory parameters such as hsCRP 
and MHR. Another finding was that FAR and MHR 
were moderately associated with the degree of CAS. 
However, we could not find any relationship between 
hsCRP and the degree of CAS. To our knowledge, 

there is no information in the literature about the 
association of MHR and FAR with the degree of ste-
nosis. Puz et al.2 showed that higher hsCRP values 
were able to predict the presence of carotid artery 
plaque, but they were not associated with the degree 
of carotid stenosis, strongly supporting our data.

Our study has several limitations. First, we could 
not observe time-dependent changes in MHR and FAR 
levels or the degree of CAS because of the cross-sec-
tional study design. Second, single computations 
may not entirely show the true trend of the analyzed 
variables. Therefore, we could not assess causal 
relationships between MHR and FAR levels and the 
development and/or progression of carotid atheroscle-
rosis. Third, we did not investigate other inflamma-
tory markers and whether carotid lesions are stable 
or unstable. Fourth, we did not include symptomatic 
patients. Lastly, this study was not designed to report 
on long-term clinical outcomes.

CONCLUSION

Our results suggested that the ability of pre-angio-
graphic MHR level to predict a clinically significant 
CAS was superior to that of FAR and hsCRP and could 
help us to early detect patients with asymptomatic 
CAS at high risk. Therefore, patients with asymptom-
atic CAS and high levels of MHR may require a close 
medical follow-up and an intensive treatment of risk 
factors. Large-scale clinical studies are needed to prove 
our findings.
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RESUMO

OBJETIVO: Recentemente, a contagem de monócitos para a proporção HDL-C (MHR) e a relação fibrinogênio para albumina (FAR) 
emergiram como marcadores de inflamação em doenças ateroscleróticas. Nosso objetivo é investigar a relação da MHR e FAR com a 
gravidade da estenose da artéria carótida (CAS) em pacientes com doença assintomática da artéria carótida.

MÉTODOS: Este estudo retrospectivo incluiu 300 pacientes com CAS assintomática. MHR pré-angiográfica, FAR e proteína C reativa de 
alta sensibilidade (hsCRP) foram medidas. A angiografia carotídea foi realizada em pacientes com estenose ≥50% na ultrassonografia 
carotídea. Os pacientes foram primeiramente divididos em dois grupos com base no grau de CAS e depois nos tercis (T) da MHR.

RESULTADOS: Noventa e seis pacientes apresentaram um CAS clinicamente insignificante (<50%) (grupo 1) e 204 pacientes apresen-
taram CAS clinicamente significativo (≥50%) (grupo 2). O grupo 2 apresentou MHR, FAR e hsCRP superior ao grupo 1. Pacientes em 
T3 apresentaram maior MHR, FAR e hsCRP do que em T1 e T2. MHR, FAR e hsCRP foram correlacionados entre si (p<0,001, para 
todos). MHR, FAR e hsCRP foram preditores independentes de CAS significativa. MHR predisse melhor uma CAS significativa que FAR 
e hsCRP (p<0,05).

CONCLUSÕES: A MHR pré-angiográfica pode ser um melhor preditor que a FAR e a hsCRP na identificação de estenose carotídea 
clinicamente significativa em pacientes com CAS assintomática. Pacientes com CAS assintomática e alto nível de MHR devem ser 
acompanhados de perto para supervisionar o controle dos fatores de risco e intensificar o tratamento.

PALAVRAS-CHAVE: Inflamação. Estenose das carótidas. Monócitos. HDL-Colesterol. Fibrinogênio. Albuminas. Angiografia.
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