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ABSTRACT
Objective: The neutrophil/lymphocyte ratio (NLR) is an inexpensive, readily available and reliable inflammatory marker, which has a predictor 
value in different cardiovascular disorders. Functional capacity is one of the most important prognostic factors in patients with heart failure, 
which is usually stated as metabolic equivalents (MET). The goal of the study was to investigate the relationship between the NLR and func-
tional capacity (FC) in patients with idiopathic dilated cardiomyopathy (IDC). 
Methods: Treadmill test according to modified-Bruce protocol was performed in 37 patients with IDC (mean age 46.7±11.7 years, 81.1% male) 
to assess their functional capacity. Baseline clinical and echocardiographic variables were obtained. Hematological and biochemical parame-
ters were measured using standard techniques.
Results: The patients were divided into low (<5 MET, n=18) and high (>5 MET, n=19) FC groups according to their functional status in the exercise 
test. The 2 groups were similar regarding age, gender and the presence of hypertension and diabetes mellitus. There was no significant differ-
ence between groups regarding echocardiographic parameters such as left ventricular ejection fraction and diameters. However, the NLR was 
significantly higher in low FC group compared to high FC group (3.62±2.24 vs. 2.24±0.67, p=0.002; respectively). There were significant negative 
correlations between the NLR, MET and left ventricular ejection fraction (r=-0.405, p=0.013 and r=-0.028, p=0.028; respectively). Diastolic dys-
function was present in all the patients with low functional capacity. A cut-off point of 2.26 for the NLR had 83% sensitivity and 69% specificity 
in predicting poor FC. After multivariate analysis, only the NLR remained significant predictor of poor functional status.
Conclusion: We detected a significant association between the NLR and low FC, both of which has predictive and prognostic value in patients 
with heart failure. Functional capacity may depend on diastolic function rather than left ventricular ejection fraction in patients with IDC. 
(Anatolian J Cardiol 2015; 15: 13-7)
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Introduction

Heart failure (HF) occurs frequently in the clinical practice as a 
public health problem with high morbidity and mortality despite 
advances in pharmacological and device-dependent treatments. 
About 50% of the patients with dilated cardiomyopathy, the most 
common form of the cardiomyopathies, have no underlying etiolo-
gy whereas 25 to 35% of them have familial inheritance (1). The 
patients with dilated cardiomyopathy may present to the outpa-
tient clinics with various clinical courses ranging from asymptom-
atic left ventricular dysfunction to serious congestive heart failure. 

Functional capacity (FC) is one of the most important prognostic 
factors in patients with heart failure, which is usually stated as 
metabolic equivalents (MET) according to the treadmill test.

Usage of hematological parameters as predictive and prog-
nostic markers in various cardiovascular diseases has been 
intensively investigated in recent years (2-5). Of these parame-
ters, the neutrophil/lymphocyte ratio (NLR) has become promi-
nent as a marker of underlying inflammation. Our objective in the 
present study was to investigate the relationship between the 
hematological parameters and FC in patients with idiopathic 
dilated cardiomyopathy (IDC). 



Methods

Study population
Patients with normal sinus rhythm who were diagnosed as 

IDC with left ventricular ejection fraction (LVEF) <40%, left ven-
tricular diastolic diameter (LVDD) >60 mm and presented to 
outpatient clinics of the cardiology department Faculty of 
Medicine, Dicle University, Diyarbakır were included prospec-
tively. The diagnosis of IDC was based on patient history, physi-
cal examination, electrocardiogram, telecardiogram, echocar-
diography, and coronary angiography. All the patients were on 
ß-blocker, angiotensin converting enzyme inhibitor / angiotensin 
receptor blocker and diuretic treatment. All patients underwent 
symptom-limited treadmill test based on modified Bruce proto-
col to determine FC. Investigations for hematological and bio-
chemical parameters were performed by standard methods. The 
patients with atrial fibrillation-flutter, coronary arterial disease, 
primary valvular pathology, advanced chronic obstructive pul-
monary disease, cardiac cachexia (weight loss of >7.5% of the 
previous normal weight over a period of >6 months) (6) and 
persistent biventricular cardiac pacemaker were excluded from 
the study. All patients gave an informed consent and local Ethics 
Committee approved the study.

Echocardiographic analysis 
Left ventricular dimensions and wall thickness were mea-

sured from M-mode tracings on parasternal long-axis view 
according to the recommendations of the American Society of 
Echocardiography by using a commercially available ultrasound 
system (VIVID 7, GE Vingmed Ultrasound, Horten, Norway). Left 
ventricular ejection fraction was measured using the modified 
Simpson method on apical four-chamber view. For evaluation of 
left ventricular diastolic function, the mitral inflow pattern was 
evaluated from an apical four-chamber view with the sample 
volume placed at the mitral valve tips to acquire early diastolic 
(E), late diastolic (A) flow velocities, and E/A ratio. Tissue 
Doppler imaging was assessed by placing a sample volume at 
the mitral (septal and lateral) annulus to obtain early diastolic 
(E’), late diastolic (A’) velocities and E’/A’ ratio.

Statistical analysis
SPSS 16 software (SPSS Inc, Chicago, Illinois, USA) was 

used for analysis of the data. Normal distribution of continuous 
variables was tested using Kolmogorov-Smirnov and Shapiro-
Wilk tests. Descriptive statistics were expressed as 
mean±standard deviation for continuous variables and nominal 
variables as number of cases and percentage (%). Continuous 
variables with normal distribution were compared using 
Student’s t test and those without normal distribution were com-
pared using Mann-Whitney’s U test. Chi-square test or Fischer’s 
exact test was used to compare the categorical variables. 
Correlation analyses were made using Spearman test. 
Multivariate logistic regression analysis was performed to 

assess the independent predictors of poor FC and results were 
shown as odds ratio (OR) with 95% confidence intervals (CIs). 
Receiver–operating characteristic (ROC) curve analysis was 
used to determine the optimum cut-off levels of the NLR in asso-
ciation with poor FC. Significance level of the obtained data was 
commented statistically using the “p” value. A p values <0.05 
were considered as statistically significant. 

Results

The present study included 37 patients with IDC whose mean 
age was 46.7±11.7 years and 81.1% was male. The patients were 
divided into two groups as those with MET ≤5 and those with 
MET >5 by the results of treadmill test based on modified Bruce 
method. Distribution of the baseline characteristics and echo-
cardiographic data obtained by statistical analyses among the 
groups was summarized in Table 1. 

Variables  <5 MET >5 MET P
  (n=18) (n=19) 

Age, years  46.7±12.6 46.7±11.2 0.992

Male gender, n (%) 16 (88.9) 14 (73.7) 0.405

Hypertension, n (%) 4 (22.2) 6 (31) 0.714

Diastolic dysfunction, n (%) 18 (100) 13 (68.4) 0.020

Diabetes mellitus, n (%) 4 (22.2) 3 (15.8) 0.693

Body mass index, kg/m2 25.2±2.8 27.1±5.0 0.161

Glucose, mg/dL 101±16 109±33 0.365

Urea, mg/dL 42±7 38±11 0.137

Creatinine, mg/dL 0.97±0.17 0.97±0.28 0.973

Hemoglobin, gr/dL 13.1±3.4 14.4±1.2 0.132

Platelet, /mm3 262±98 241±55 0.424

White blood cell count, x103/μL 8.77±1.72 7.88±1.82 0.135

Neutrophil count, x103/μL 5.98±1.43 4.68±1.18 0.005

Lymphocyte count, x103/μL 1.94±0.74 2.19±0.66 0.286

Neutrophil/ Lymphocyte ratio 3.62±2.24 2.24±0.67 0.002

Left ventricular diastolic  67.5±6.7 65.3±4.6 0.463 
diameter, mm 

Left ventricular systolic  59.8±7.9 58.3±6.2 0.903 
diameter, mm 

Left ventricular ejection  26±7 28±7 0.426 
fraction, % 

E velocity, m/s 0.99±0.19 0.97±0.20 0.745

A velocity, m/s 0.76±0.40 0.70±0.21 0.584

E/A ratio 1.66±0.79 1.50±0.50 0.469

E’ velocity, m/s 0.065±0.011 0.076±0.023 0.067

A’ velocity, m/s 0.090±0.012 0.078±0.017 0.017

E’/A’ ratio 0.723±0.081 1.049±0.473 0.008

Table 1. Demographic characteristics, hematological and 
echocardiographic parameters of the functional capacity groups
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The groups were similar in terms of age, gender, and pres-
ence of diabetes or hypertension. There was no statistically 
significant difference between the groups in echocardiographic 
parameters such as LVEF or left ventricular diameters. Of the 
hematological parameters, the NLR was significantly higher in 
the group of MET ≤5 than in the group of MET >5 (p=0.002, Fig. 1). 
All patients in the group of low FC had diastolic dysfunction 
(p=0.020). Among diastolic function parameters (Table 2), mean 
A’ velocity and E’/A’ ratio were significantly different between 
groups (p=0.017 and p=0.008; respectively). 

The relationship between exercise and echocardiographic 
parameters and the NLR was examined with correlation analy-
sis (Table 3). However, there was no significant correlation 
between echocardiographic and exercise test parameters. 
Exercise duration had no correlation with LVEF (r=-0.059, 
p=0.729) and LVDD (r=-0.013, p=0.941); and METs showed no 
association with LVEF (r=0.071, p=0.678) and LVDD (r=-0.063, 
p=0.712). After multivariate regression analysis, the NLR 
remained significant predictor of poor FC (Table 4). Receiver 
operating characteristics (ROC) curves explored the relation-

ship between the NLR and FC. Using a cut point of 2.26, the NLR 
predicted poor FC with a sensitivity of 83% and specificity of 
69% (ROC area under curve: 0.804, 95% CI: 0.663-0.945, p=0.002; 
Fig. 2).

Discussion 

In the present study, a significant relationship was found 
between increased NLR and poor FC. Furthermore, the NLR 
showed negative correlation with exercise duration, MET and 
LVEF, and positive correlation with LVDD and LVSD. Using a cut 
point of 2.26, the NLR predicted poor FC with a sensitivity of 83% 
and specificity of 69%.

Idiopathic dilated cardiomyopathy is an inflammatory dis-
ease with many circulating active cytokines being involved in 
the pathogenesis. Although the mechanisms responsible for the 
development of IDC are not fully understood, high production of 
inflammatory cytokines in leukocytes of patients with IDC and 
the presence of interleukin-6 (IL-6) and tumor necrosis factor-
alpha (TNF-α) in cardiac tissue suggest an inflammatory compo-
nent in the disease development and progression (7). 

Being one of the prognostic indicators in heart failure, FC is 
usually classified using New York Heart Association (NYHA) 
classification. However, because of the subjective nature of the 
NYHA classification, treadmill exercise test was used in the 
present study to determine functional capacity. The best objec-
tive method to determine functional capacity is the peak O2 
consumption (VO2) measured by cardiopulmonary exercise test, 
and it is used as one of the most powerful independent mortality 
predictors in patients with heart failure with serious left ven-
tricular dysfunction (8-13). However, the equipment required for 
cardiopulmonary exercise test is not always available and 
requires expertise. So, it is not routinely applied in many centers. 

Figure 1. Neutrophil/lymphocyte ratio levels according to functional 
capacity groups
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Parameters ≤5 METS >5 METS P 

E velocity, m/s 0.99±0.19 0.97±0.20 0.745

A velocity, m/s 0.76±0.40 0.70±0.21 0.584

E/A 1.66±0.79 1.50±0.50 0.469

E’ velocity, m/s 0.065±0.011 0.076±0.023 0.067

A’ velocity, m/s 0.090±0.012 0.078±0.017 0.017

E’/A’ 0.723±0.081 1.049±0.473 0.008

E/E’ 15.61±3.95 13.86±5.28 0.264

Table 2. Echocardiographic diastolic function parameters of the 
patients according to the functional status 

 LVDD LVSD LVEF Exercise  MET 
    Duration 

NLR

Correlation coefficient 515 0.473 -0.361 -0.458 -0.405

P 0.001 0.003 0.028 0.004 0.013
LVDD - left ventricular diastolic diameter; LVEF - left ventricular ejection fraction; 
LVSD - left ventricular systolic diameter; MET - metabolic equivalent; NLR - neutrophil/
lymphocyte ratio

Table 3. Spearman correlation analysis to assess the association of 
NLR with echocardiographic and exercise parameters 

Variables Odds ratio 95% Confidence interval P 

NLR 3.934 1.024-15.123 0.046

E’/A’ 0.089 0.000-1.788 0.089
NLR - neutrophil/lymphocyte ratio

Table 4. Multivariate regression analysis to predict poor functional 
capacity
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Instead of it, exercise capacity is usually measured indirectly 
and expressed as metabolic equivalent (MET) (14). Functional 
capacity measured as MET is a powerful indicator of cardiovas-
cular mortality (15-17). A study by Hsich et al. (17) showed that 
shortening of one minute in exercise duration (about 0.5 MET) 
based on Naughton protocol cause increase of 7% in mortality. 
According to this relationship confirmed by other studies, 
increase of 1 MET in exercise capacity is associated with 10 to 
25% reduction in mortality (15, 18-22). 

As well known, there is usually an inconsistency between 
FC, which is an independent predictor of mortality, and conven-
tional echocardiographic parameters such as LVEF, LVDD, and 
LVSD in the patients with heart failure. Previous studies empha-
sized that no correlation existed between exercise capacity and 
parameters of left ventricular function (23-25). In a study con-
ducted on patients with left ventricular dysfunction, functional 
capacity was found to be related to catabolism and inflamma-
tory status while its relationship with LVEF wasn’t demonstrated 
(26). Lymphocytes represent a more appropriate immune 
response while neutrophils causing an uncontrolled inflamma-
tory reaction (27). So we hypothesized that in patients with IDC 
there may be a relation between functional impairment and 
increased NLR, which shows the balance between destructive 
and controlled inflammatory responses. Inflammation has been 
shown to play an important role in the progression and severity 
of the atherosclerotic disease in many studies (4, 28, 29). In 
patients with HF, high level of inflammatory markers is associ-
ated with poor prognosis (3). In the present study we found that 
the NLR, which is an inexpensive, easily accessible and reliable 
marker of inflammatory condition, was higher in the group with 
low FC. Additionally, the NLR also showed significant correlation 
with echocardiographic parameters such as LVEF and LVDD, 
both of which showed no correlation with exercise parameters. 

However, the NLR was found to be negatively related to exercise 
duration (r=-0.458, p=0.004) as well as METs (r=-0.405, p=0.013) 
independent of left ventricular size and ejection fraction. In a 
study conducted by Windram et al. (30) on patients with low 
ejection fraction, inflammatory markers were found to be relat-
ed with functional capacity but not with LVEF. Also in another 
study FC, measured by VO2, has poor correlation with resting 
LVEF in patients with IDC (31). Our results were consistent with 
the literature. Another interesting result of the present study 
was that all patients in the lower FC group had diastolic dysfunc-
tion. Parallel to the our results, peak VO2 was found to be better 
correlated to diastolic filling rather than systolic LV function in 
patients with IDC (32). Mean A’ and E’/A’ ratio were different 
between FC groups. Frequently being overlooked in clinical and 
echocardiographic practice, diastolic dysfunction was related to 
FC in contrast to LVEF. Although E’/A’ ratio has lost its signifi-
cance after multivariate analysis, we believe that this issue 
should be evaluated by prospective large-scale studies. 

Study limitations

The study was single-centered and included low number of 
patients. Because of the sample size and inadequate power, it is 
possible that some associations were not detected. Functional 
capacity was used as prognostic indicator in the present study 
but true prognostic follow-up of the patients was not performed. 
Other inflammatory parameters such as IL-6 or TNF-α were not 
measured simultaneously because of the cost and not immedi-
ately available in daily practice. Furthermore, in the assessment 
of FC cardiopulmonary exercise testing was not performed due 
to the inadequate equipment, however, exercise test according 
to modified Bruce protocol was chosen for its simplicity, frequent 
use in earlier studies and the fact that the correlation of its 
results with peak oxygen uptake as measured. As this was a 
cross-sectional study, we could not determine whether better FC 
might be explained by less inflammation. Further prospective 
studies enrolling larger cohorts of patients are needed to confirm 
the prognostic role of inflammatory markers in patients with IDC.

Conclusion 

In conclusion, the NLR and presence of diastolic dysfunction 
may be deterministic in differentiating the patients with IDC who 
has similar echocardiographic parameters of systolic function 
with good and limited FC. 
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Figure 2. Receiver operating characteristics curve of neutrophil-to-
lymphocyte (NLR) for predicting poor functional capacity
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