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ABSTRACT
Objective: In this study, in patients with moderate coronary lesions evaluated in coronary angiography, fractional flow reserve 
by lesion severity, we aimed to determine the relationship between neutr ophil /lymp hocyt e ratio, platelet/lymphocyte ratio, 
lymphocyte/monocyte ratio, and monoc yte/h igh-d ensit y lipoprotein cholesterol ratio, which has been recently expressed as a 
predictor of cardiovascular disease risk.
Methods: Stenosis with a fractional flow reserve of <0.80 was considered functionally severe. According to fractional flow 
reserve lesion severity, a total of 131 patients were analyzed, with fractional flow reserve > 0.8 (group 1) and fractional flow 
reserve < 0.8 (group 2). Patients with acute coronary syndrome, severe arrhythmia, hemodynamic instability, history of previous 
revascularization, severe renal and hepatic failure, active infection, malignancy, hematologic disease, familial history of hyperlip-
idemia, rheumatologic disease, life expectancy <1 year, and age <18 and >90 years were excluded from the study.
Results: There was a statistically significant difference between monoc yte/h igh-d ensit y lipoprotein cholesterol ratio, neutr ophil 
/lymp hocyt e ratio, lymphocyte/monocyte ratio, and platelet/lymphocyte ratio, and fractional flow reserve groups (P  < .001). 
Univariate and multivariate regression analyses were applied among the factors affecting the severity of the lesion detected 
in fractional flow reserve. Monoc yte/h igh-d ensit y lipoprotein cholesterol ratio (odds ratio, 1.25; 95% CI, 1.05-1.47; P  = .004), 
neutr ophil /lymp hocyt e ratio (odds ratio, 3.15; 95% CI, 1.51-6.57; P  < .001), hemoglobin A1c (odds ratio, 11.5; 95% CI, 2.76-48.4; 
P  =.001), and lymphocyte/monocyte ratio (odds ratio, 0.27; 95% CI, 0.16-0.44; P  = .002) were found to be independent predictors.
Conclusions: In this study, we would like to emphasize that simple, fast, and low-cost methods such as monoc yte/h igh-d ensit 
y lipoprotein cholesterol ratio, neutr ophil /lymp hocyt e ratio, lymphocyte/monocyte ratio, and platelet/lymphocyte ratio can be 
parameters related to lesion severity detected in fractional flow reserve. These parameters can be widely used as they are easily 
accessible and repeatable.
Keywords:  Fractional flow reserve, high-density lipoprotein, lymphocyte, monocyte, neutrophil, platelet

INTRODUCTION
Coronary artery disease (CAD) is still the disease group most 
responsible for morbidity and mortality in our age. Coronary 
angiography (CAG) is one of the main methods used in the diag-
nosis of coronary artery lesions. However, the qualitative assess-
ment of lesion severity in the coronary arteries by CAG is not 
always reliable. Anatomical stenosis, which is evaluated as visu-
ally severe, may not always be serious in terms of hemodynam-
ics. Evaluation with fractional flow reserve (FFR) is an extremely 
important method to reveal the severity of the coronary artery 

lesion, especially when coronary artery stenosis is 40%-70% (i.e., 
moderate).1

The underlying cause of CAD is atherosclerosis. Inflammation is 
one of the leading steps in the pathogenesis of atherosclerosis. 
Recently, researches on the connection of inflammatory mark-
ers with cardiovascular diseases (CVD) have been the subject of 
study. In a study involving 105 patients with extracranial carotid 
artery disease, it was reported that the neutr ophil /lymp hocyte 
ratio (NLR) was positively correlated with extracranial carotid 
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stenosis and was associated with lesion severity in extracranial 
carotid artery stenosis.2 In a study of 963 patients with non-
ST elevation myocardial infarction (NSTEMI), high monocyte/
lymphocyte ratio (MLR) was stated to be riskier for major cardiac 
events developing in-hospital than low MLR. It has been reported 
that MLR is more effective than NLR in reflecting CAD in NSTEMI 
patients.3 In a study of 300 patients over 70 years of age, mea-
surements were made using the ankle-brachial index method. 
High platelet/lymphocyte ratio (PLR), NLR, and monoc yte/high-
d ensit y lipoprotein (HDL) cholesterol ratio (MHR) have been 
shown to be associated with peripheral arterial disease (PAD). 
In the study, it was stated that these 3 indices could be simple, 
easily accessible, and reproducible factors in the diagnosis of 
PAD.4 High-density lipoprotein cholesterol protects endothelial 
tissue from the harmful consequences of low-density lipoprotein 
(LDL) cholesterol. It also prevents LDL from becoming oxidized. 
In addition to being an antioxidant, HDL also has antithrombotic 
and anti-inflammatory effects. Monocytes, on the other hand, 
are a parameter that plays an active role in the synthesis and 
distribution of cytokines with proinflammatory and prooxidant 
properties. In recent years, the proinflammatory effect of mono-
cytes has been described. In addition, HDL cholesterol has been 
reported to have anti-inflammatory and antioxidant results. The 
idea has emerged that MHR is a ratio that can determine the level 
of oxidative stress and inflammation. It has also been associated 
with CVD development and long-term outcomes.5

In this study, with the severity of the lesion in patients who 
underwent FFR method after CAG, we thought to determine 
the relationship between NLR, PLR, MHR, and lymphocyte/
monocyte ratio (LMR), which have recently been expressed as 
CVD risk parameters.

METHODS
We designed this study retrospectively. For this purpose, a total 
of 131 consecutive patients who underwent the elective FFR 
method were enrolled. All patients participating in our study 
were given detailed information and a signed consent form was 
requested. Biochemical, lipid, and hemogram parameters, drugs 

used, demographic, echocardiographic, and angiographic data 
of the patients were recorded. Blood tests were taken 24 hours 
after the patients applied to the health center. Fractional flow 
reserve measurement results were made at the discretion of the 
cardiologists. Five thousand units of heparin were given intra-
arterially as a bolus. The coronary arteries were then visualized 
using a guide catheter without side holes. After the calibration 
was checked, a 0.014-inch guide wire (PrimeWire, Volcano, San 
Diego, Calif, USA) was placed distal to the stenosis to monitor the 
pressure level. Before FFR measurements, 200 µg bolus nitroglyc-
erin was administered intracoronally. First of all, the distal intra-
coronary pressures of the patients were recorded. Hyperemia 
was triggered by administering gradually increasing doses of 
intracoronary adenosine until the final value in which the FFR 
value decreased. Fractional flow reserve value was defined as 
the result between the pressure measured in the intracoronary 
distal region and the mean aortic pressure. The highest hyper-
emia dimension was recorded at that time. An FFR result of <0.80 
was considered functionally significant. According to FFR lesion 
severity, 2 groups were formed; FFR < 0.8 group (84 patients) and 
FFR > 0.8 group (47 patients).

Inclusion criteria for the study: patients evaluated as stable 
angina pectoris and undergoing the FFR procedure under elec-
tive conditions. Criteria excluded from the scope of the study: 
acute coronary syndrome (ACS), severe arrhythmia, hemody-
namic instability, previous revascularization history, severe renal 
and hepatic failure, active infection, malignancy, hematologic 
diseases, familial history of hyperlipidemia, rheumatologic dis-
ease, life expectancy <1 year, and age <18 and >90 years.

Statistical Analysis
We obtained the statistical analysis results of the data using 
the Statistical Package for the Social Sciences software version 
25.0 for Windows (IBM SPSS Corp., Armonk, NY, USA). Whether 
numerical variables were suitable for normal distribution was 
evaluated by analyzing with Shapiro–Wilk and Kolmogorov–
Smirnov tests. The mean and standard deviation values   of the 
numerical variables are given. Independent samples t-test was 
used if normal distribution was achieved to compare the 2 
groups in terms of numerical variables. If a normal distribution 
could not be obtained, it was analyzed using the Mann–Whitney 
U-test. Categorical parameters were shown as number (n) and 
ratio (%). The correlation between categorical parameters was 
compared using Pearson’s chi-square test and Fisher's exact 
test. The relationships between NLR, PLR, LMR, and MHR were 
compared using Spearman's rho analysis. The correlation analy-
sis for NLR, PLR, LMR, and MHR was evaluated using univariate 
and multivariate regression analyses. Odds ratio and 95% CI val-
ues   were recorded. In addition, receiver operating characteristic 
(ROC) analysis was performed for the cut-off value of NLR, PLR, 
LMR, and MHR ratios. The cut-off value was defined based on the 
Youden index. Obtaining a P  < .05 result in all hypotheses was 
considered statistically significant.

RESULTS
Among the patients included in the study, 2 separate groups 
were formed as FFR > 0.8 (group I) and FFR < 0.8 (group II). 

Main Points

• We would like to emphasize that simple, fast, and low-
cost methods such as monoc yte/h igh-d ensit y lipo-
protein cholesterol ratio, neutr ophil /lymp hocyt e ratio 
(NLR), lymphocyte/monocyte ratio (LMR), and platelet/
lymphocyte ratio (PLR) may be parameters related to lesion 
severity detected in fractional flow reserve (FFR).

• Monoc yte/h igh-d ensit y lipoprotein cholesterol ratio pre-
dicted the severity of coronary lesion detected in FFR with 
80% sensitivity and 75% specificity, NLR with 75% sensitiv-
ity and 70% specificity, LMR with 72% sensitivity and 70% 
specificity, and PLR with 71% sensitivity and 71% specificity.

• Although hemogram parameters play an important role in 
predicting the severity of the lesion before the FFR proce-
dure, symptoms, other laboratory findings, and non-inva-
sive imaging methods should be carefully examined.
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The mean age of the patients after the analysis was 58.5 (±9.6). 
Of these patients, 65.6% were male. When the mean age 
(58.4 (±10.3) vs. 58.5 (±9.3), P  = .941) and male sex ratio (70.2% 
vs. 63.1%, P  = .411) were examined, no statistically significant dif-
ference was found between the 2 groups. Of the patients, 94.7% 
were in the NYHA Class-I category. The most common symp-
toms detected in the patients were chest pain and shortness 
of breath (90.8% and 20.6%, respectively). When the 2 groups 
were compared, no statistically significant difference was found 
in terms of smoking (36.2% vs. 39.3%, P  = .725) and alcohol use 
(4.3% vs. 6.0%, P  = .924). There was no significant difference in the 
parameters of hypertension (44.7% vs. 40.5%, P  = .640), history of 
CAD (46.8% vs. 54.8%, P  = .382), and hyperlipidemia (51.1% vs. 
52.4%, P  = .885) (Table 1). Other demographic data and comor-
bidities between the groups are given in Table 1.

When the biochemical markers are examined, between group I 
and group II, respectively, HDL (44.30 (±10.68) vs. 38.23 (±9.80), 
P  = .001), MPV (8.67 (±0.89) vs. 8.31 (±0.92)), P  =.029), monocytes 

(0.73 (±0.19) vs. 0.95 (±0.20)), P  < .001), lymphocytes (2.83 (±1.0) 
vs. 2.1 (±0) .51), P  < .001), HbA1c (5.55 (±0.38 vs. 5.97 (±0.57)), 
P  < .001), LMR (4.23) (±2.09) vs. 2.31 (±0.74), P  < .001), NLR 
(1.81 (±0.60) vs. 2.50 (±0.95), P  < .001), PLR (101.65 (±47.39) vs. 
136.10 (±49.41), P  < .001), and MHR (0.017 (±0.0064) vs. 0.026 
(±0.0085), P  < .001), significant difference was detected. The EF 
values obtained in the groups were compared and no significant 
difference was found (53.7% (±8.2) and 55.1% (±7.6), P  = .324) 
(Table 2). Other hemogram, biochemical, and echocardiographic 
parameters are summarized in Table 2.

The medical treatments received by the patients are compared 
in Table 3.

In the applied correlation analysis method, there was a moderate 
positive correlation between FFR, and NLR and MHR parameters. 
In addition, it was concluded that there was a moderate negative 
correlation between FFR and LMR. A weak correlation was found 
between FFR and PLR (Table 4).

Table 1. Demographic and Comorbid Characteristic Results

Parameters Group I (n = 47) Group II (n = 84) Total (n = 131) P 

Age (years) 58.4 (±10.3) 58.5 (±9.3) 58.5 (±9.6) .941

Male sex, n (%) 33 (70.2) 53 (63.1) 86 (65.6) .411

SBP, mmHg 128.7 (±17.8) 127.5 (±16.6) 127.9 (±17.0) .691

DBP, mmHg 70.7 (±10.5) 70.8 (±10.2) 70.8 (±10.3) .960

Heart rate, minute 76.4 (±12.3) 73.7 (±12.7) 74.6 (±12.5) .230

NYHA class I, n (%) 46 (97.9) 78 (92.9) 124 (94.7) .221

Chest pain, n (%) 41 (87.2) 78 (92.9) 119 (90.8) .285

Dyspnea, n (%) 10 (21.3) 17 (20.2) 27 (20.6) .888

Palpitation, n (%) 10 (21.3) 5 (6.0) 15 (11.4) .008

Tiredness, n (%) 7 (14.9) 6 (7.1) 13 (9.9) .155

Dizziness, n (%) 3 (6.4) 4 (4.8) 7 (5.3) .692

Syncope, n (%) 0 (0) 1 (1.2) 1 (0.8) .453

Smoking, n (%) 17 (36.2) 33 (39.3) 50 (38.2) .725

Alcohol use, n (%) 2 (4.3) 5 (6.0) 7 (5.3) .924

Hypertension, n (%) 21 (44.7) 34 (40.5) 55 (42.0) .640

CAD, n (%) 22 (46.8) 46 (54.8) 68 (51.9) .382

Hyperlipidemia, n (%) 24 (51.1) 44 (52.4) 68 (51.9) .885

COPD, n (%) 8 (17.0) 12 (14.3) 20 (15.3) .676

Thyroid disease, n (%) 4 (8.5) 6 (7.1) 10 (7.6) .777

Stroke/TIA, n (%) 2 (4.3) 7 (8.3) 9 (6.9) .376

CKD, n (%) 2 (4.3) 3 (3.6) 5 (3.8) .592

Peripheral artery disease, n (%) 1 (2.1) 5 (5.9) 6 (4.6) .315

Pacemaker/ICD/CRT, n (%) 0 (0) 2 (2.4) 2 (1.5) .286

Malignancy, n (%) 1 (2.1) 1 (1.2) 2 (1.5) .675

Anemia, n (%) 1 (2.1) 2 (2.4) 3 (2.3) .926

SBP, systolic blood pressure; DBP, diastolic blood pressure; NYHA, New York Heart Association; CAD, coronary artery disease; COPD, chronic obstructive 
pulmonary diseases; TIA, transient ischemic attack; CKD, chronic kidney disease; ICD, implantable cardioverter defibrillator; CRT, cardiac resynchronization 
therapy; Group I, FFR > 0.8; Group II, FFR < 0.8.
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In the univariate and multivariate regression analyses performed 
among the factors affecting the severity of the lesion detected 
in FFR, MHR (OR, 1.25; 95% CI, 1.05-1.47, P  = .004), NLR (OR, 3.15; 

95% CI, 1.51-6.57, P  < .001), HbA1c (OR, 11.5; 95% CI, 2.76-48.4, 
P   = .001), and LMR (OR, 0.27; 95% CI, 0.16-0.44, P  = .002) were 
found to be independent predictors (Table 5).

Table 2. Hemogram, Biochemical, and Echocardiographic Results

Parameters Mean (±Standard Deviation) Group I (n = 47) Group II (n = 84) Total (n = 131) P

Urea, mg/dL 33.79 (±12.61) 34.07 (±10.17) 33.97 (±11.06) .893

Creatinine, mg/dL 1.06 (±0.94) 08.8 (±0.20) 0.95 (±0.59) .111

Uric acid, mg/dL 5.48 (±1.0) 5.23 (±0.91) 5.32 (±0.95) .150

Total cholesterol, mg/dL 187.40 (±51.27) 198.90 (±44.70) 194.78 (±47.29) .183

Triglyceride, mg/dL 155.07 (±86.62) 179.09 (±126.06) 170.48 (±113.74) .248

HDL, mg/dL 44.30 (±10.68) 38.23 (±9.80) 40.38 (±10.09) .001

LDL, mg/dL 112.33 (±49.45) 120.34 (±37.92) 122.13 (±72.31) .304

Hemoglobin, g/dL 13.51 (±1.24) 13.56 (±1.56) 13.54 (±1.45) .851

Platelet, x10³/µL 251.79 (±56.29) 274.30 (±71.80) 266.22 (±67.30) .066

Leukocyte, x10³/µL 8.68 (±2.32) 8.26 (±1.64) 8.41 (±1.92) .237

MPV, fL 8.67 (±0.89) 8.31 (±0.92) 8.44 (±0.92) .029

Neutrophil, x10³/µL 4.91 (±1.64) 5.09 (±1.62) 5.03 (±1.63) .541

Monocyte, x10³/µL 0.73 (±0.19) 0.95 (±0.20) 0.87 (±0.19) <.001

Lymphocyte, x10³/µL 2.83 (±1.0) 2.10 (±0.51) 2.34 (±0.67) <.001

Fasting glucose, mg/dL 98.13 (±10.55) 99.30 (±11.25) 98.88 (±10.98) .557

TSH, µIU/Ml 2.00 (±1.33) 2.14 (±1.48) 2.09 (±1.42) .593

T4, ng/dL 1.36 (±0.38) 1.47 (±0.50) 1.43 (±0.46) .200

Ca, mg/dL 9.32 (±0.56) 9.36 (±0.58) 9.35 (±0.57) .689

Sodium, mmol/L 139.51 (±2.93) 139.45 (±3.04) 139.47 (±13.63) .915

Potasium, mmol/L 4.46 (±0.47) 4.40 (±0.48) 4.42 (±0.48) .519

HbA1c, % 5.55 (±0.38) 5.97 (±0.57) 5.82 (±0.55) <.001

LMR 4.23 (±2.09) 2.31 (±0.74) 2,95 (±1,19) <.001

NLR 1.81 (±0.60) 2.50 (±0.95) 2.25 (±0.90) <.001

PLR 101.65 (±47.39) 136.10 (±49.41) 123.74 (±51.27) <.001

MHR 0.017 (±0.0064) 0.026 (±0.0085) 0.023 (±0.0078) <.001

Sinus rhythm, n (%) 47 (100) 78 (92.9) 125 (95.4) .061

LVEF,% 53.7 (±8.2) 55.1 (±7.6) 54.6 (±7.9) .324

LVEDD, cm 48.25 (±5.21) 47.06 (±4.83) 47.48 (±4.98) .189

LVESD, cm 30.47 (±6.30) 28.48 (±5.30) 29.19 (±5.73) .056

LVDD, n (%) 29 (61.7) 59 (70.2) 88 (67.2) .318

Moderate-severe MR, n (%) 1 (2.1) 4 (4.8) 5 (3.8) .450

Moderate-severe MS, n (%) 0 (0) 0 (0) 0 (0) -

Moderate-severe AR, n (%) 0 (0) 2 (2.4) 2 (1.5) .286

Moderate-severe AS, n (%) 0 (0) 1 (1.2) 1 (0.8) .453

Moderate-severe TR, n (%) 2 (4.3) 2 (2.4) 4 (3.1) .535

Moderate-severe TS, n (%) 0 (0) 0 (0) 0 (0) -

HDL, high-density lipoprotein; LDL, low-density lipoprotein; MPV, mean platelet volume; TSH, thyroid-stimulating hormone; HbA1C, hemoglobin A1c; 
LMR, lymphocyte/monocyte ratio; NLR, neutr ophil /lymp hocyt e ratio; PLR, platelet/lymphocyte ratio; MHR, monocyte/HDL ratio; LVEF, left ventricular ejec-
tion fraction; LVEDD, left ventricular end-diastolic diameter; LVESD, left ventricular end-systolic diameter; LVDD, left ventricular diastolic dysfunction; 
MR, mitral regurgitation; MS, mitral stenosis; AR, aortic regurgitation; AS, aortic stenosis; TR, tricuspid regurgitation; TS, tricuspid stenosis; Group I, 
FFR > 0.8; Group II, FFR < 0.8.



180

Güzel and Kış. Relationship FFR with MHR, NLR, LMR and PLR Eur J Ther 2022;23(8):176-183

ROC analysis was used to evaluate the power of the MHR, NLR, 
PLR, and LMR parameters to predict the severity of the lesions 
detected in the FFR. In the results obtained, MHR with 75% speci-
ficity and 80% sensitivity (AUC, 0.82; 95% CI, 0.74-0.90; P  < .001), 
NLR with 75% sensitivity and 70% specificity (AUC, 0.79; 95% CI, 
0.71-0.89; P  < .001), LMR with 72% sensitivity and 70% specificity 
(AUC, 0.77; 95% CI, 0.69-0.87, P  < .001), and PLR with 71% sensi-
tivity and 71% specificity (AUC, 0.74; 95% CI, 0.63-0.78, P  <.001) 
predicted lesion severity detected in FFR (Figure 1 and 2).

DISCUSSION
In this study, functionally severe coronary artery lesions evalu-
ated using the FFR method were strongly associated with some 
inflammatory parameters. Atherosclerosis and CVD are among 
the most well-known causes of death worldwide.6 It is known 
that atherosclerosis develops after inflammatory events and 
steps. Oxidative stress and inflammation are important steps 
that play a role in the initiation and progression of atheroscle-
rosis.7 An increased white blood cell count has been reported to 
be associated with adverse clinical outcomes in patients with 
CAD, ACS, percutaneous coronary intervention (PCI), and PAD.8 
Therefore, we aimed to examine these hemogram parameters 
in our study. The severity of stenosis and unstable plaque in 
atherosclerotic plaques are also life-threatening. In particu-
lar, neutrophils are an important factor in plaque destabiliza-
tion, determination of reperfusion injury, and remodeling.9 
In a study conducted by Ionita et  al.10 a correlation between 
the severity of the atherosclerotic lesion in the carotid artery 
and the basal neutrophil count was found. In his works, neu-
trophil counts were higher if atherosclerotic plaques prone to 
dissociation were present with a higher macrophage content, 
lower collagen content, and smooth muscle cells.9 In the first 
place, neutrophils and lymphocytes are involved in the onset 
of atherosclerosis.2 Neutrophil; protein hydrolysis can acceler-
ate the development of atherosclerosis through inflammatory 
and oxidative stress reactions, and lymphopenia has also been 
thought to be associated with the formation of atherosclero-
sis.11 Another accepted process is that the NLR can represent 
the function of the autonomic nervous system. It has been 
determined that the distribution of leukocyte-forming subsets 
in the body is determined by the autonomic nervous system.2 

Table 3. Results of Drugs Used by Patients

Parameters Group I 
(n = 47)

Group II 
(n = 84)

Total 
(n = 131) P

Beta-blockers, n (%) 25 (53.2) 52 (61.9) 77 (58.8) .331

ACE-I, n (%) 10 (21.3) 26 (31.0) 36 (27.5) .234

Statin, n (%) 28 (59.6) 47 (56.0) 75 (57.3) .688

Antiaggregant, n (%) 31 (66.0) 58 (69.0) 89 (67.9) .716

Anticoagulant, n (%) 2 (4.3) 6 (7.1) 8 (6.1) .508

ARBs, n (%) 9 (19.1) 13 (15.5) 22 (16.8) .590

Dihydropyridine CCB, 
n (%)

9 (19.1) 12 (14.3) 21 (16.0) .467

Loop diuretic, n (%) 3 (6.4) 12 (14.3) 15 (11.4) .173

Aldosterone antagonist, 
n (%)

3 (6.4) 8 (9.5) 11 (8.4) .534

Thiazide diuretic, n (%) 7 (14.9) 21 (25.0) 28 (21.4) .176

Non-dihydropyridine 
CCB, n (%)

0 (0) 5 (5.9) 5 (3.8) .088

ACE-I, angiotensin converting enzyme inhibitors; ARBs, angiotensin 
receptor blockers; CCB, calcium channel blockers; Group I, FFR > 0.8; 
Group II, FFR < 0.8.

Table 4. Correlation Analysis to Determine Predictor of FFR 
Lesion Severity

Parameters Correlation Analysis

LMR r −0.52

P <.001

NLR r 0.50

P <.001

MHR r 0.58

P <.001

PLR r 0.34

P <.001

LMR, lymphocyte/monocyte ratio; NLR, neutr ophil /lymp hocyt e ratio; 
PLR, platelet/lymphocyte ratio; MHR, monoc yte/h igh-d ensit y lipoprotein 
ratio. 

Table 5. Univariable and Multivariable Regression Analysis to Determine Predictor of FFR Lesion Severity

Parameters Model 1 Model 2

Variables Univariate, OR (95% CI) P Value Multivariate, OR (95% CI) P Value Multivariate, OR (95% CI) P Value

MHR 1.32 (1.10-1.53) <.001 1.25 (1.05-1.47) .004

NLR 3.8 (1.97-7.37) <.001 3.15 (1.51-6.57) <.001

LMR 0.27 (0.16-0.44) <.001 0.27 (0.16-0.44) .002

HT 2.0 (0.76-5.42) .042 1.8 (0.72-4.93) .20 2.1 (0.78-5.85) .13

HbA1c 11.5 (3.67-36.5) .001 11.5 (2.76-48.4) .001 8.8 (2.15-36.2) .002

Age 1.00 (0.96-1.03) .94

LVEF 1.03 (0.97-1.10) .29

LMR, lymphocyte/monocyte ratio; NLR, neutr ophil /lymp hocyt e ratio; HT, hypertension; MHR, monoc yte/h igh-d ensit y lipoprotein ratio; HbA1c, hemoglobin 
A1c; LVEF, left ventricular ejection fraction.
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It has neutrophil adrenergic receptors. The number and func-
tion of neutrophils are determined by the sympathetic nerves. 
It has lymphocyte cholinergic receptor. Lymphocyte count and 

function are determined by parasympathetic nerves.12 Neutr 
ophil /lymp hocyt e ratio reflected partial activity of sympa theti 
c/par asymp athet ic nerves.13 A disruption in the autonomic ner-
vous system may play a role in the formation of atherosclero-
sis.14 In addition, NLR has been reported to be associated with 
early diagnosis, follow-up, treatment, and prognosis of patients 
hospitalized in intensive care units.15 It has also been associ-
ated with systemic inflammatory diseases.16 In the light of these 
data reported in the literature, it is consistent with the results 
obtained in our study. In addition, we found that NLR could be 
an independent predictor in patients in whom we detected 
severe lesions with the FFR method. In another study, a PLR 
ratio of >144 was found to be associated with high mortality in 
patients who underwent PCI after myocardial infarction (MI).17 
In addition, recent studies have reported that there is a posi-
tive correlation between the severity of PAD and NLR and PLR 
values, and these values may be poor prognostic markers.18 
Lymphocytes and monocytes are defense system parameters 
associated with the initiation and progression of the atheroscle-
rotic process. It has been reported that low lymphocyte count 
and high monocyte count may have predictive and prognostic 
value in conditions such as stable CAD, MI, and heart failure.19 
It has been suggested that an increase in lymphocyte apopto-
sis and therefore a decrease in lymphocyte count has a nega-
tive effect on tissue healing and remodeling after infarction.20 
It has also been reported that deterioration in coronary micro-
circulation is closely associated with an increased incidence of 
MI and an increased risk of mortality.21 In a few studies, it has 
been stated that LMR is an effective parameter that determines 
the systemic inflammatory response. In addition, it has been 
reported to be closely related to patient prognosis in many clini-
cal conditions, including malignancies, PAH, and CAD severity.22 
In another study, LMR level before bare metal stent implanta-
tion was found to be independently associated with resteno-
sis in patients with stable angina pectoris.23 In our study, when 
we compared the PLR and LMR values, we observed that there 
was a statistically significant difference between the groups. 
Platelet/lymphocyte ratio showed poor correlation in predict-
ing FFR lesion severity. We observed a moderate negative 
correlation between FFR lesion severity and LMR. In addition, 
we identified LMR as an independent predictor of FFR lesion 
severity. This result obtained in our study supports the previ-
ously reported results on this subject. Like neutrophils, mono-
cytes play an important role in the formation of oxidative stress, 
inflammation, and atherosclerosis. The interaction of activated 
monocytes with the damaged endothelial structure leads to 
excessive secretion of proinflammatory cytokines.24 Monocytes 
then phagocytose the oxidized LDL cholesterol molecules and 
differentiate into damaging macrophage cells that form foam 
cells. On the other hand, HDL cholesterol reduces macrophage 
accumulation and ensures the removal of oxidized cholesterol 
from the arterial wall structure. In addition to its antioxidative 
and anti-inflammatory properties, HDL increases the release of 
nitric oxide synthase in endothelial tissues and supports vasore-
laxation.25 Monoc yte/h igh-densit y lipoprotein ratio is a marker 
that can reflect atherosclerosis severity and inflammation status. 
In a study by Korkmaz et al.26 they found a correlation between 
atherosclerotic lesion severity and MHR after FFR. Also here, 

Figure 1. The cut-off value of PLR, MHR, and NLR associated 
with FFR in the ROC curve analysis. NLR, neutr ophil /
lymphocyte ratio; PLR, platelet/ lymphocyte ratio; 
MHR, monoc yte/h igh-d ensit y lipoprotein ratio; FFR, fractional 
flow reserve; ROC, receiver operating characteristic.

Figure 2. The cut-off value of LMR associated with FFR in the 
ROC curve analysis. LMR, lymphocyte/monocyte ratio; 
FFR, fractional flow reserve; ROC, receiver operating 
characteristic.
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there was no significant difference between the level of lesion 
severity detected in FFR and NLR, PLR, and LMR.26 In the emer-
gence of these findings, we think that the demographic data 
of the patients examined in the study, the distribution of risk 
factors, the inclusion criteria of the patients, and the number 
of patients included in the study may be effective. Cetin et al27 
reported that MHR is a predictor of stent thrombosis, severity 
of CAD, and CVD in long-term follow-up in patients with ACS. 
We can say that this finding is compatible with the results of 
our study. In addition, in our previous study, we found a sig-
nificant correlation between the HbA1c value and the severity 
of the lesion detected by the FFR method.28 In a meta-analysis 
examining 5 studies and a total of 1366 (606 FFR patients and 
760 CAG patients) patients, MI was shown to be significantly 
lower in patients after FFR-guided interventional procedures 
compared to the CAG group. With this study, it was concluded 
that the FFR-based management of patients can significantly 
reduce the incidence of MI as it will improve the quality of life of 
patients, reduce the rate of rehospitalization, and reduce medi-
cal costs.28,29 For this reason, we preferred to examine the sever-
ity of atherosclerotic lesion with the FFR method instead of CAG 
findings to determine more meaningful results in our study.

Study Limitations
Our study has strengths as well as some limitations. The study 
was retrospective. The number of patients studied was relatively 
small. Prospective studies with larger numbers of patients are 
needed to generalize the results. Many other important inflam-
matory parameters, such as highly sensitive C-reactive protein, 
were not used in the design of this study (it is unlikely to include 
all inflammatory parameters and perform a comprehensive anal-
ysis). The parameters we considered in the study were based on 
only 1 MHR, NLR, LMR, and PLR value. In other words, we did not 
examine THE changes in these inflammatory parameters that 
may develop over time.

CONCLUSION
In this study, we would like to emphasize that simple, fast, and 
low-cost methods such as MHR, NLR, LMR, and PLR may be param-
eters related to lesion severity detected in FFR. These parameters 
are easily accessible, reproducible, and widely used. Therefore, 
these parameters may be an alternative option in cases where it 
is difficult to apply invasive methods due to patient preference 
or other reasons.

Ethics Committee Approval: Ethical committee approval was received 
from the Ethics Committee of İzmir Bakırçay University (Date: April 4, 
2021, Decision no: 264).

Informed Consent: Written informed consent was obtained from all par-
ticipants who participated in this study.

Peer-review: Externally peer-reviewed.

Author Contributions: Concept – T.G., M.K.; Design – T.G., M.K; 
Supervision – T.G., M.K.; Funding – No funding; Materials – T.G., M.K.; Data 
Collection and/or Processing – T.G., M.K.; Analysis and/or Interpretation 
– T.G., M.K.; Literature Review – T.G., M.K.; Writing – T.G.; Critical Review – 
T.G., M.K.

Declaration of Interests: The authors have no conflicts of interest to 
declare.

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

REFERENCES
1. Tobis  J, Azarbal  B, Slavin  L. Assessment of intermediate severity 

coronary lesions in the catheterization laboratory. J Am Coll Cardiol. 
2007;49(8):839-848. [CrossRef]

2. Jiang H, Zhang J, Wu J, Wei G, He Y, Gao X. Neutr ophil -to-l ympho 
cyte ratio correlates with severity of extracranial carotid stenosis-A 
study using digital subtraction angiography. J Stroke Cerebrovasc 
Dis. 2017;26(6):1182-1190. [CrossRef]

3. Chen H, Li M, Liu L, Dang X, Zhu D, Tian G. Monocyte/lymphocyte 
ratio is related to the severity of coronary artery disease and clinical 
outcome in patients with non-ST-elevation myocardial infarction. 
Med (Baltim). 2019;98(26):e16267. [CrossRef]

4. Selvaggio  S, Abate  A, Brugaletta  G, et al. Platelet to lymphocyte 
ratio, neutrophil to lymphocyte ratio and monocyte to HDL choles-
terol ratio as markers of peripheral artery disease in elderly patients. 
Int J Mol Med. 2020;46(3):1210-1216. [CrossRef]

5. Ganjali S, Gotto Jr AM, Ruscica M, et al. Monoc yte-t o-HDL -chol ester 
ol ratio as a prognostic marker in cardiovascular diseases. J Cell 
Physiol. 2018;233(12):9237-9246. [CrossRef]

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

7. Canpolat U, Çetin EH, Cetin S, et al. Association of monocyte-to-HDL 
cholesterol ratio with slow coronary flow is linked to systemic 
inflammation. Clin Appl Thromb Hemost. 2016;22(5):476-482. 
[CrossRef]

8. Köklü E, Yüksel İÖ, Arslan Ş, et al. Is elevated neutr ophil -to-l ympho cyte 
ratio a predictor of stroke in patients with intermediate carotid artery 
stenosis? J Stroke Cerebrovasc Dis. 2016;25(3):578-584. [CrossRef]

9. Libby  P. Inflammation in atherosclerosis. Arterioscler Thromb Vasc 
Biol. 2012;32(9):2045-2051. [CrossRef]

10. Ionita MG, van den Borne P, Catanzariti LM, et al. High neutrophil 
numbers in human carotid atherosclerotic plaques are associated 
with characteristics of ruptureprone lesions. Arterioscler Thromb 
Vasc Biol. 2010;30(9):1842-1848. [CrossRef]

11. Soehnlein  O. Multiple roles for neutrophils in atherosclerosis. 
Circ Res. 2012;110(6):875-888. [CrossRef]

12. Abo T, Kawamura T. Immunomodulation by the autonomic nervous 
system: therapeutic approach for cancer, collagen diseases, and 
inflammatory bowel diseases. Ther Apher. 2002;6(5):348-357. 
[CrossRef]

13. Ayhan H, Kasapkara HA, Aslan AN, et al. Relationship of neutr ophil 
-to-l ympho cyte ratio with aortic stiffness in type 1 diabetes melli-
tus. Can J Diabetes. 2015;39(4):317-321. [CrossRef]

14. Kadoya  M, Koyama  H, Kurajoh  M, et al. Sleep, cardiac autonomic 
function, and carotid atherosclerosis in patients with cardiovascular 
risks: HSCAA study. Atherosclerosis. 2015;238(2):409-414. [CrossRef]

15. Koç S, Özer T, Dokur M, et al. The prognostic importance of neutr 
ophil -to-l ympho cyte ratio and plate let-t o-lym phocy te ratio in adult 
patients with sepsis who underwent hemoperfusion in general 
Intensive Care Unit. Eur J Ther. 2022;28(1):37-44. [CrossRef]

16. Karahan S, Ergun H. Which is best for predicting uveitis in Behçet’s 
syndrome: systemic immune inflammatory index, mean platelet 
volume, platelet/lymphocyte ratio, or neutr ophil /lymp hocyt e ratio? 
Eur J Ther. 2021;27(3):210-214. [CrossRef]

17. Çiçek  G, Açıkgoz  SK, Bozbay  M, et al. Neutrophillymphocyte ratio 
and plateletlymphocyte ratio combination can predict prognosis in 
patients with STsegment elevation myocardial infarction 

https://doi.org/10.1016/j.jacc.2006.10.055
https://doi.org/10.1016/j.jstrokecerebrovasdis.2017.01.002
https://doi.org/10.1097/MD.0000000000016267
https://doi.org/10.3892/ijmm.2020.4644
https://doi.org/10.1002/jcp.27028
https://doi.org/10.1093/bmb/ldp028
https://doi.org/10.1177/1076029615594002
https://doi.org/10.1016/j.jstrokecerebrovasdis.2015.10.031
https://doi.org/10.1161/ATVBAHA.108.179705
https://doi.org/10.1161/ATVBAHA.110.209296
https://doi.org/10.1161/CIRCRESAHA.111.257535
https://doi.org/10.1046/j.1526-0968.2002.00452.x
https://doi.org/10.1016/j.jcjd.2015.01.004
https://doi.org/10.1016/j.atherosclerosis.2014.12.032
https://doi.org/10.54614/eurjther.2022.0060
https://doi.org/10.5152/eurjther.2021.20129


183

Eur J Ther 2022;23(8):176-183 Güzel and Kış. Relationship FFR with MHR, NLR, LMR and PLR

undergoing primary percutaneous coronary intervention. Angiol-
ogy. 2015;66(5):441-447. [CrossRef]

18. Xue G, Deng H, Zhang L. Neutrophillymphocyte ratio and platelet-
lymphocyte ratio predict severity and prognosis of lower limb arte-
riosclerosis obliterans. Ann Vasc Surg. 2020;64:221-227.

19. Kurtul  A, Yarlioglues  M, Celik  IE, et al. Association of lymph ocyte 
-to-m onocy te ratio with the no-reflow phenomenon in patients 
who underwent a primary percutaneous coronary intervention for 
ST-elevation myocardial infarction. Coron Artery Dis. 2015;26(8):706-
712. [CrossRef]

20. Kalyoncuoglu  M, Biter  Hİ, Ozturk  S, Belen  E, Can  MM. Predictive 
accuracy of lymph ocyte -to-m onocy te ratio and monoc yte-t o-hig 
h-den sity- lipop rotei n-cho leste rol ratio in determining the slow 
flow/no-reflow phenomenon in patients with non-ST-elevated myo-
cardial infarction. Coron Artery Dis. 2020;31(6):518-526. [CrossRef]

21. Ji H, Li Y, Fan Z, et al. Monocyte/lymphocyte ratio predicts the sever-
ity of coronary artery disease: a syntax score assessment. BMC Car-
diovasc Disord. 2017;17(1):90. [CrossRef]

22. Han LH, Jia YB, Song QX, Wang JB, Wang NN, Cheng YF. Prognostic 
significance of preoperative lymphocyte-monocyte ratio in patients 
with resectable esophageal squamous cell carcinoma. Asian Pac J 
Cancer Prev. 2015;16(6):2245-2250. [CrossRef]

23. Murat  SN, Yarlioglues  M, Celik  IE, et al. The relationship between 
lymph ocyte -to-m onocy te ratio and bare-metal stent in-stent 

restenosis in patients with stable coronary artery disease. Clin Appl 
Thromb Hemost. 2017;23(3):235-240. [CrossRef]

24. Woollard  KJ, Geissmann  F. Monocytes in atherosclerosis: subsets 
and functions. Nat Rev Cardiol. 2010;7(2):77-86. [CrossRef]

25. Kuvin  JT, Rämet  ME, Patel  AR, Pandian  NG, Mendelsohn  ME, 
Karas RH. A novel mechanism for the beneficial vascular effects of 
high-density lipoprotein cholesterol: enhanced vasorelaxation and 
increased endothelial nitric oxide synthase expression. Am Heart J. 
2002;144(1):165-172. [CrossRef]

26. Korkmaz A, Demir M, Unal S, et al. Monocyte-to-high density lipo-
protein ratio (MHR) can predict the significance of angiographically 
intermediate coronary lesions. Int J Cardiovasc Acad. 2017;3(1-2):16-
20. [CrossRef]

27. Cetin MS, Ozcan Cetin EH, Kalender E, et al. Monocyte to HDL cho-
lesterol ratio predicts coronary artery disease severity and future 
major cardiovascular adverse events in acute coronary syndrome. 
Heart Lung Circ. 2016;25(11):1077-1086. [CrossRef]

28. Mehmet  K, Tuncay  G. Relationship between hemoglobin A1c and 
fractional flow reserve lesion severity in non-diabetic patients. J Coll 
Phys Surg Pak. 2022;32:4-8.

29. Jianjun Y, Xiaohua P, Xuemei T, Gang H, Hailong W. Comparison of 
outcomes between fract ional -flow -rese rve and angiography-
directed intervention in non-ST elevation acute coronary syndrome. 
J Coll Physicians Surg Pak. 2019;29(3):268-273. [CrossRef]

https://doi.org/10.1177/0003319714535970
https://doi.org/10.1097/MCA.0000000000000301
https://doi.org/10.1097/MCA.0000000000000848
https://doi.org/10.1186/s12872-017-0507-4
https://doi.org/10.7314/apjcp.2015.16.6.2245
https://doi.org/10.1177/1076029615627340
https://doi.org/10.1038/nrcardio.2009.228
https://doi.org/10.1067/mhj.2002.123145
https://doi.org/10.1016/j.ijcac.2017.05.008
https://doi.org/10.1016/j.hlc.2016.02.023
https://doi.org/10.29271/jcpsp.2019.03.268

