
ABSTRACT

Objective: Inflammation plays an important role in the pathogenesis of cardiovascular diseases. Neutrophil-to-lymphocyte ratio (NLR), platelet-
to-lymphocyte ratio (PLR), and mean platelet volume (MPV) are associated with inflammation; therefore, we aimed to evaluate NLR, PLR, and 
MPV; investigate their association with each other in patients with compensated heart failure (HF) and compare it with that in controls; and search 
the predictive value of those markers in detecting the presence of HF.

Methods: Between January 2016 and February 2017, 40 HF patients with left ventricular ejection fraction (LVEF) of <40% were enrolled in the 
study. The control group comprised 30 individuals with LVEF of ≥50% and no HF. The NLR, PLR, and MPV values were evaluated in all participants.

Results: Neutrophil-to-lymphocyte ratio, PLR, and MPV were significantly higher in the HF group than those in the control group. In the patient 
group, there was a significant inverse correlation between LVEF and all inflammatory markers (for all, p<0.05), except for MPV. Inflammatory 
markers showed a significant positive relationship with each other (for all, p<0.05). Of all inflammatory markers, PLR was the only predictor of the 
presence of HF (OR, 1.015; 95% CI: 1.001–1.028; p=0.030). ROC curve analysis showed that the PLR value predicting the presence of HF was 73 
with maximal sensitivity of 83% and specificity of 53% (UAC: 0.76; 95% CI: 0.65–0.88; p<0.001).

Conclusion: Compared to those in the control group, NLR, PLR, and MPV were significantly higher and positively correlated to each other in the 
HF group. In addition, of those markers, only PLR could predict the presence of HF.
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INTRODUCTION

Heart failure (HF) is a major public health concern affecting >23 
million people globally, and its prevalence increases with aging. 
Estimated 5-year and 10-year survival rates after HF diagnosis are 
50% and 10%, respectively. Mortality rates remain high despite 
advanced modern treatment modalities. Moreover, patients with 
HF require long-term care since it is a chronic condition that can 
progress with acute exacerbations (1).

Inflammation is known to play an important role in the patho-
genesis of atherosclerosis and consequently of cardiovascular 
diseases (2). The role of inflammation in HF has been shown in 
several previous studies. HF syndrome is mainly associated with 
the imbalance between inflammatory and anti-inflammatory forc-
es (3).

Recent studies have shown that ratios of neutrophil and plate-
let counts to lymphocyte count (neutrophil-to-lymphocyte ratio, 
NLR and platelet-to-lymphocyte ratio, PLR) were potential in-
flammatory markers that are closely related to the prognosis of 

chronic inflammatory and cardiovascular diseases (4-12). In addi-
tion, NLR and PLR parameters were associated with C-reactive 
protein (CRP), interleukin-6 (IL-6), and tumor necrosis factor-alpha 
(TNF-α) values that play an important role in the pathogenesis of 
HF (5-11).

Mean platelet volume (MPV) is considered as an indicator of 
platelet function and activation, and high MPV values are 
shown to be an independent risk factor for several cardiovas-
cular diseases including acute myocardial infarction and HF (13, 
14). Moreover, high MPV values that are positively correlated 
with CRP were found in certain systemic inflammatory diseases 
(15, 16). To the best of our knowledge, a study investigating 
NLR, PLR, and MPV parameters simultaneously as inflammatory 
markers in HF, which is a systemic inflammatory condition, is not 
available. The aim of the present study was to investigate in-
flammatory markers (NLR, PLR, and MPV) in patients with com-
pensated HF in comparison to individuals without HF and to 
evaluate intermarker correlations and their predictive values for 
the presence of HF.
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METHODS

This was a retrospectively designed study. Forty patients treated 
and followed up for compensated HF between January 2016 and 
February 2017 were included in the study. Compensated HF was 
described as the absence of HF-related dyspnea and conges-
tion during the last month with a left ventricular ejection fraction 
(LVEF) <40%. The control group consisted of 30 patients with a 
50% LVEF and without HF history who were admitted to the car-
diology outpatient clinic. Body mass index (BMI), current medica-
tions, history of diabetes and hypertension, history of angioplasty 
and/or coronary bypass, and thorough physical examination find-
ings were recorded for all subjects. Subjects with active infec-
tions, uncontrolled diabetes or hypertension conditions, BMI 
≥30 kg/m2, advanced stage hepatic or renal disease, acute and/
or chronic lung disease, moderate-severe valvular heart disease, 
cardiac arrhythmia except atrial fibrillation (AF), history of valvular 
replacement surgery and subjects with a history of any surgical 
operation, acute coronary syndrome, and/or coronary revascu-
larization in the last 6 months were excluded from the study. All 
existing renal function test, electrolytes, and blood count test 
results of venous blood samples of the patients were assessed. 
Gender, age, leukocyte count, neutrophil count, platelet count, 
MPV, and high-sensitivity C-reactive protein (hsCRP) values of the 
patients were recorded. NLR was calculated by dividing neutro-
phil count to lymphocyte count; PLR was calculated by dividing 
platelet count to lymphocyte count. Our study was approved by 
the ethics committee of the Van District Training and Research 
Hospital in compliance with the Declaration of Helsinki. Informed 
consent was not obtained from the patients since this was a ret-
rospective study.

Echocardiographic Analysis
Two-dimensional transthoracic echocardiography (ClearVue 
550; Philips, Andover, MA, USA) was performed on all study 
subjects by an experienced cardiologist. Standard measure-
ments as recommended by the American Society of Echocar-
diography were applied. LV diastolic and systolic diameters and 
interventricular and posterior wall thicknesses were measured 
using an M-mode in the parasternal long axis. Measurements 
in apical two-chamber views were used to calculate LVEF and 
end-diastolic and end-systolic volumes with the modified Simp-
son method.

Statistical Analysis
Statistical analyses were performed using the Statistical Pack-
age for Social Sciences 17.0 software (SPSS, Chicago, IL, USA). 
Descriptive data were presented as mean±standard deviation 
and percent (%). Chi-square test was used for comparison of 
categorical data. Normality testing for continuous data was per-
formed using the Kolmogorov-Smirnov test. Normally distrib-
uted data were compared using Student’s t-test, whereas non-
normally distributed data were compared using Mann-Whitney 
U test. Correlations between variables were assessed using 
Pearson’s or Spearman’s correlation tests. Multivariate regres-
sion analysis was performed to identify the predictors for HF. 
The prediction point values for predictive parameters were cal-
culated using the receiver operating characteristic (ROC) curve 
analysis. A p value <0.05 was considered significant.

RESULTS

The demographic characteristics and echocardiographic findings 
for patients with HF and control subjects are shown in Table 1. 
Both groups were similar in terms of age, gender distribution, 
and BMI values. The prevalence of hypertension, hyperlipidemia, 
diabetes mellitus, and AF rhythm was significantly higher in the 
HF group. Patients with HF had significantly higher end-diastolic 
and end-systolic diameters and significantly lower LVEF than con-
trol subjects. Additionally, the current medications of both groups 
are shown in Table 2. Table 3 shows the laboratory data for both 
groups. Although serum creatinine levels and white blood cell 
counts were similar in both groups, NLR, PLR, MPV, and hsCRP 
were significantly higher in the HF group. The correlation analysis 
of the patient group demonstrated a significant negative correla-
tion between LVEF and all inflammatory parameters except MPV 
(Table 4). Moreover, novel inflammatory markers showed a posi-
tive correlation between each other and with hsCRP (Table 4).

The described relationship was not observed in the control 
group. Multivariate regression analysis demonstrated that hy-
pertension, AF, and only PLR among the inflammatory markers 
were predictive of HF (estimated risk ratio 1.015; 95% confidence 
interval (CI) 1.001-1.028; p=0.030) (Table 5). The ROC curve analy-
sis showed that a PLR value of 73 was predictive of HF with 83% 
sensitivity and 53% specificity (area under the curve 0.76; 95% CI 
0.65-088; p<0.001) (Figure 1).

DISCUSSION

Our study results showed that patients with HF had higher NLR, 
PLR, and MPV values than controls, and these inflammatory 
markers were positively correlated with each other and hsCRP 
values. Among these inflammatory markers, only PLR was predic-
tive of HF.

Chronic HF is a chronic inflammatory condition. Increased blood 
levels of inflammatory markers are associated with poor outcome 
in HF, as in many chronic diseases. Increased inflammatory stimu-
lus causes the release of many inflammatory cytokines including 
TNF-α, IL-6, and CRP. Such inflammatory cytokines cause myo-
cardial damage, leading to reduced left ventricular function and 
thus HF (2, 3). White blood cells and their subsets are significant 
inflammatory markers in cardiovascular diseases. High neutrophil 
levels indicate inflammatory response, whereas low lymphocyte 
count indicates poor overall health status and increased physi-
ological stress. Both low lymphocyte count and high neutrophil 
count are important risk factors that are predictive of reduced 
survival in patients with HF (4, 7). In addition, in a previous study, 
high NLR values were found to be associated with increased 
mortality rates in subjects with decompensated HF, and the pre-
dictive value of NLR for mortality was found to be higher than 
that of total white blood cell count and slightly low lymphocyte 
count (7). Therefore, NLR has a significant prognostic value in HF. 
On the other hand, previous studies have shown that increased 
platelet and decreased lymphocyte counts were associated with 
poor cardiovascular outcomes (8, 11, 12). Similarly, in our study, 
we observed that subjects with HF have higher NLR and PLR val-
ues than controls, and most importantly, these parameters were 
closely associated with hsCRP, which is considered as the first 
marker of inflammation. According to the multivariate regression 
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analysis we performed, although predictive values of NLR and 
MPV for predicting HF have not reached adequate statistical sig-
nificance, PLR showed a statistically significant predictive value 
for the presence of HF. Similarly, in our study, LVEF was found to 
be negatively correlated with NLR and PLR, whereas there was no 
association with MPV. Our results were confirmed by Durmus et 
al. (4); they reported that patients with decompensated HF have 
higher NLR and PLR values, which were significant inflammatory 
markers for predicting the presence of HF, than controls, and 

high NLR values are an independent predictor for death after a 
mean follow-up of 12 months. In their study, although LVEF had a 
negative correlation with NLR, no correlation was found with PLR. 
The major limitation of this study was the lack of CRP, which is 
considered as a primary inflammatory marker in clinical practice, 
assessments. In our study, we evaluated hsCRP and also MPV that 
is a novel inflammatory marker. The partial discordance of our 
study results may be explained by small sample of patients and 
dissimilarity of patients with HF in terms of both clinical and/or 
echocardiographic features and different study designs. In con-
trast to our results, in the study by Kaya et al. (14), MPV was found 
to be an independent predictor of hospitalization due to HF in 
patients with decompensated HF. In their study, a significant 
proportion of the patients had chronic obstructive pulmonary 
disease (COPD, 32%) and right HF (55%). Lower MPV levels are 
observed in high-grade inflammatory diseases, whereas higher 
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	 Patient 	 Control  
	 group 	 group  
Variables	 (n=40)	 (n=30)	 p

Demographic findings			 

Age (years)	 69±12	 66±7	 0.238

Female gender, n (%)	 21 (53)	 18 (60)	 0.532

Hypertension, n (%)	 24 (60)	 7 (23)	 0.002

Diabetes mellitus, n (%)	 12 (30)	 3 (10)	 0.016

Hyperlipidemia, n (%)	 16 (40)	 4 (13)	 0.015

Body mass index (kg/m2)	 26.1±2.3	 27.0±1.6	 0.122

Atrial fibrillation, n (%)	 17 (43)	 2 (7)	 0.001

PCI history, n (%)	 27 (68)	 0	 <0.001

Coronary bypass history, n (%)	 9 (23)	 0	 0.005

Non-ischemic HF, n (%)	 5 (20)	 0	 0.044

Echocardiographic findings			 

End-diastolic diameter (cm)	 62±7	 45±4	 <0.001

End-systolic diameter (cm)	 43±5	 30±3	 <0.001

Ejection fraction (%)	 33±5	 63±6	 <0.001

HF: heart failure; PCI: percutaneous coronary intervention

Table 1. Demographic and echocardiographic findings of 
the patient and control groups

	 Patient 	 Control  
	 group 	 group  
Variables	 (n=40)	 (n=30)	 p

Diuretics, n (%)	 30	 0	 <0.001

Beta-blockers, n (%)	 28	 10	 0.002

Calcium channel blockers, n (%)	 9	 4	 0.329

ACEI-ARB (±thiazides), n (%)	 35	 24	 0.006

Nitrates, n (%)	 6	 0	 0.027

Digoxin, n (%)	 11	 0	 0.002

Acetylsalicylic acid, n (%)	 25	 5	 <0.001

Clopidogrel, n (%)	 15	 1	 <0.001

Oral anticoagulants, n (%)	 17	 1	 <0.001

Table 2. Current medications in both groups

	 Patient 	 Control  
	 group 	 group  
Variables	 (n=40)	 (n=30)	 p

Creatinine (mg/dL)	 0.92±0.20	 0.88±0.11	 0.511

hsCRP (mg/L)	 3.5±2.2	 2.4±1.9	 0.032

Leukocyte count (×103/mm3)	 7.4±1.4	 7.2±1.3	 0.705

Neutrophil count (×103/mm3)	 4.6±1.2	 4.0±1.1	 0.034

Lymphocyte count (×103/mm3)	 1.8±0.8	 2.4±1.8	 0.005

Platelet count (×103/mm3)	 253±90	 178±61	 <0.001

NLR	 3.2±1.4	 2.4±1.8	 0.042

PLR	 179±125	 101±82	 0.004

Mean platelet volume (fL)	 8.9±2.4	 7.7±1.4	 0.011

hsCRP: high-sensitivity C-reactive protein; NLR: neutrophil-
to-lymphocyte ratio; PLR: platelet-to-lymphocyte ratio.

Table 3. Laboratory findings of both groups

Variables	 NLR	 PLR	 MPV	 hsCRP	 LVEF

NLR	 -	 p<0.001	 p=0.038	 p<0.001	 p=0.004

		  r=0.751	 r=0.329	 r=0.543	 r=−0.451

PLR	 p<0.001	 -	 p=0.001	 p=0.011	 p=0.036

	 r=0.751		  r=0.487	 r=0.400	 r=−0.400

MPV	 p=0.038	 p=0.001	 -	 p<0.001	 p=0.065

	 r=0.329	 r=0.487		  r=0.801	

hsCRP	 p<0.001	 p=0.011	 p<0.001	 -	 p=0.032

	 r=0.543	 r=0.400	 r=0.801		  r=−0.381

LVEF: left ventricular ejection fraction; hsCRP: high-sensitivity 
C-reactive protein; NLR: neutrophil-to-lymphocyte ratio; PLR: 
platelet-to-lymphocyte ratio; MPV: mean platelet volume

Table 4. Evaluation of intermarker correlation and 
correlation between inflammatory markers and LVEF



MPV levels are seen in low-grade inflammatory diseases. Since 
COPD is considered as a high-grade inflammatory disease, lower 
MPV levels can be expected. However, MPV was found to be sig-
nificantly higher in this study, which is most probably due to the 
presence of both left and right HF. Patients in our study group 
had symptoms compatible with patients with chronic compen-
sated HF without COPD and right HF findings. Although MPV 
failed to predict HF in our study, it was significantly higher in pa-
tients with HF than in control subjects and was positively corre-
lated with NLR, PLR, and hsCRP. These findings suggest that MPV 
plays an important role in the pathogenesis of compensated HF 
that has chronic low-grade inflammation features.

Among the inflammatory markers, statistical significance of only 
PLR in predicting the presence of HF can be explained by two 

conditions. First, the majority of patients with HF included in the 
study had underlying coronary artery disease. Some studies have 
shown that PLR has higher prognostic value than NLR. Oylumlu 
et al. (12) reported that PLR is superior to NLR in predicting in-
hospital deaths in patients with acute coronary syndrome and 
shows a negative correlation with LVEF. Second, a substantial 
proportion of our patients had AF (43%). Patients with AF were 
shown to manifest more atrial inflammatory patch, fibrosis, and 
myositis necrosis than those without (17). AF can induce inflam-
mation by increasing platelet activity and decreasing blood vis-
cosity (11). High PLR is known to be associated with increased 
fibrinogen, which can lead to reduced blood viscosity and tissue 
oxygenation (11). All these data indicate an association between 
AF and high PLR.

CONCLUSION

Neutrophil-to-lymphocyte ratio (NLR), PLR, and MPV, which are 
low cost, easily available novel inflammatory markers, were sig-
nificantly higher in patients with HF and showed a positive cor-
relation with each other. Additionally, among these markers, only 
PLR could predict the presence of HF.
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Figure 1. ROC curve analysis of PLR as a predictor of heart failure
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