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Neutrophil to lymphocyte ratio predicts poor functional
capacity in patients with heart failure

Notrofil/lenfosit orani kalp yetersizligi bulunan hastalarda
fonksiyonel kapasite dusukluguni 6ngérmektedir
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ABSTRACT

Objectives: We aimed to assess the relationship between
neutrophil to lymphocyte ratio (N/L ratio) and functional ca-
pacity (FC) of patients with compensated heart failure (CHF).
Study design: A total of 94 consecutive CHF patients and
age-gender matched 70 subjects with normal echocardio-
graphic examination were enrolled. Peripheral venous blood
samples were drawn before echocardiography examination
and treadmill test in all study population. The treadmill test
based on modified Bruce protocol was used to determine the
functional status of CHF patients. Poor FC was defined as <5
metabolic equivalant (MET) in the exercise test. Afterwards,
patients with CHF were divided into two groups with respect
to the top and bottom 3 of the N/L ratio.

Results: FC (3.2+2.05 MET vs. 6.1+2.04 MET, p<0.001),
ejection fraction (%31.5+7.64 vs. %34.8+6.82, p=0.028) were
found to be lower and N-terminal pro-brain natriuretic peptide
(NT-proBNP) level (3360+2742 pg/dl vs. 1613+1334 pg/dl,
p<0.001) pulmonary artery pressure (46.3+11.50 mmHg vs.
41.5+9.45 mmHg, p=0.049), left atrial diameters (4.6+0.52 cm
vs. 4.3+0.43 cm, p=0.005), E/Ea ratio (12.2+4.37 vs. 9.2+3.20,
p<0.001) were found to be higher in CHF patients with an
N/L ratio >3 than with an N/L ratio <3. The N/L ratio, and log-
NT-proBNP level were determined to be a predictive factor of
poor FC (odds ratio [OR]=3.085, 95% confidence interval [CI]
=1.520-6.260, p=0.002 and OR=1.585, 95% Cl=1.201-2.091,
p=0.001, respectively). A cut-off point of 2.74 for the N/L ratio
had 79.4% sensitivity and 80% specificity in predicting poor
FC.

Conclusion: N/L ratio can be used to predict poor FC in pa-
tients with CHF.

OZET

Amac: Kompanse kalp yetersizligi (KKY) bulunan hastalarin
fonksiyonel kapasiteleri (FK) ve notrofil/lenfosit orani (N/L ora-
ni) arasindaki iliskiyi degerlendirmeyi amagladik.

Calisma plani: Kompanse kalp yetersizligi tanisi konan ar-
disik 94 hasta ve yas-cinsiyet eslestiriimis ekokardiyografi
degerlendirmesi normal olan 70 birey ¢alismaya alindi. Efor
testi ve ekokardiyografik muayene dncesi tum calisma popu-
lasyonundan periferik vendz kan drnekleri alindi. KKY’li has-
talarin FK’lerinin belirlenmesi i¢in modifiye Bruce yontemiyle
uygulanan egzersiz testi kullanildi. Dustik FK, egzersiz testi-
ne gore <5 metabolik esdegeri (MEK) olarak belirlendi. Daha
sonra, KKY’li hastalar N/L orani 3’un alti ve ustl olmak uzere
iki guruba ayrildi.

Bulgular: Notrofil lenfosit oranlari >3 olan KKY’li hastalarda
FK (3.2+2.05 MEK ve 6.1+2.04 MEK, p<0.001), ejeksiyon
fraksiyonu (%31.5+7.64 ve %34.8+6.82, p=0.028) daha du-
stk olarak bulundu. N-terminal pro-beyin natriuretik peptid
(NT-proBNP) seviyesi (3360+2742 pg/dl ve 1613+1334 pg/
dl, p<0.001), pulmoner arter basinci (46.3+11.50 mmHg ve
41.5+9.45 mmHg, p=0.049), sol atriyum ¢aplari (4.6+0.52 cm
ve 4.3+0.43 cm, p=0.005), E/Ea orani (12.2+4.37 ve 9.2+3.20,
p<0.001) N/L orani >3 KKY’li hastalarda N/L orani <3 olanlar-
dan daha yuksek olarak bulundu. N/L orani ve NT-proBNP du-
zeyi (sirastyla, odds orani [O0]=3.085, %95 GA=1.520-6.260,
p=0.002, ve O0=1.585, %95 GA=1.201-2.091, p=0.001) du-
stk FK icin dbngordurucu faktorler olarak saptandi. N/L orani
icin 2.74 kestirim degeri dustk FK’yi bngormede %79.4 du-
yarllik ve %80 dzgulluge sahipti.

Sonuc: N/L orani KKY’li hastalarda dusuk FK'yi bngbrmek
icin kullanilabilir.
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Heart failure (HF) is an inflammatory neuroendo-
crine syndrome with negative effects on function-
al capacity (FC) and quality-of-life, and which causes
increased morbidity and mortality."* Immunological
and inflammatory responses appear to be involved in
the development and advancement of chronic HF.5

The neutrophil/lymphocyte ratio (N/L ratio) is one
of several inflammatory parameters that have been
proposed as prognostic markers to determine the sys-
temic inflammatory response. The N/L ratio, which is
calculated from a complete blood count with differen-
tial, is an inexpensive and easy to obtain a marker of
inflammation that can aid in the risk stratification of
patients with various cardiovascular diseases along-
side traditionally used markers."*! A high N/L ratio is
said to be associated with an increased risk of mor-
bidity and mortality in patients with acute decompen-
sated HF.) However, its role in the risk stratification
of patients with compensated heart failure (CHF) has
not been described. In addition, no data exist regard-
ing the association between N/L ratio and FC.

In the present study, we investigated the relation-
ship between N/L ratio and markers of a poor progno-
sis for patients with HF, including the FC, N-terminal
pro-brain natriuretic peptide (NT-proBNP) level, pul-
monary artery pressure (PAP), ratio of the early to
late ventricular filling velocities (E/Ea ratio), and left
atrial (LA) diameter in CHF patients exhibiting left
ventricular (LV) systolic dysfunction (LVSD).

PATIENTS AND METHODS

Study population

Patients with chronic HF referred to our department
for echocardiographic examination between February
and July 2013 and who met the entry criteria for the
study were invited to participate. We prospectively
studied 94 consecutive HF patients with diagnosed at
least 2 years with LVSD secondary to ischemic (n=55)
or idiopathic dilated cardiomyopathy (n=39). Age-
and gender-matched 70 healthy subjects who had nor-
mal echocardiographic findings with using acetylsali-
cylic acid for the primary prevention of cardiovascular
events were enrolled to the study as a control group.
On the same day, peripheral venous blood samples
were drawn before echocardiography examination and
treadmill test in all study population. All patients were
screened; the study cohort consisted of patients who

fulfilled the fol-  ppreviations:
lowing criteria:
(1) symptomat- cr
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STEMI

the treatment of

HF, including

the use of acetylsalicylic acid (100-300 mg), angio-
tensin-converting enzyme-inhibitors or angiotensin
receptor antagonists, beta-blockers. Exclusion crite-
ria were as follows: hypoalbuminemia, malignancy,
rheumatic valve disease, constrictive pericarditis,
hypothyroidism, renal dysfunction (serum creatinine
>1.5 mg/dl with or without hemodialysis treatment),
cirrhotic liver disease; immunologic or inflammatory
disease, hematological diseases, sepsis, active local or
systemic infections, a history of recent infection and/
or fever on the last month, anemia, history of blood
transfusion on the last 3 months and use of steroidal
or non-steroidal anti-inflammatory drugs on the last a
month. In addition, patients with decompensated HF
who had one of the following criteria were excluded
from the study: LVSD with bilateral inspiratory rales,
edema, findings on the chest X-ray including pulmo-
nary venous congestion and/or pleural effusions. The
investigation conforms with the principles outlined in
the declaration of Helsinki. This study was approved
by the institutional committee, and informed consent
was obtained from all patients before participation.

Pulmonary artery pressure

ST-segment elevation myocardial
infarction

Transthoracic echocardiography

A comprehensive echocardiographic examination
was performed in all subjects by using a Vivid E9
echocardiography machine (GE Vingmed Ultrasound
AS, Horten, Norway). The LV and LA diameters were
measured from the-apical four chamber view. LV EF
was estimated from apical four- and two-chamber
views using Simpson’s biplane method.[*” Mitral
inflow was evaluated at pulsed Doppler analysis.
Pulsed-wave Tissue Doppler imaging were used to
assess early myocardial relaxation velocity (Ea), plac-
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ing the sample volume in the ventricular myocardium
immediately adjacent to the lateral mitral annulus.
Mitral inflow E-wave and Ea were then used to calcu-
late E/Ea ratio, which was used as an indicator of LV
filling pressure.®!

Functional capacity (FC)

Various methods have been proposed to determine the
functional status of HF patients. NYHA classification
is the most widely used method.”! In our study, the
treadmill exercise test was used because of the sub-
jective nature of the NYHA classification. The best
objective method to determine FC is the peak O,
consumption measured by cardiopulmonary exercise
test.'” However, the cardiopulmonary exercise test is
not always available and requires expertise. Instead
of it, exercise capacity is usually measured indirect-
ly and expressed as metabolic equivalent (MET).!'!
FC status of CHF patients was assessed undergoing
symptom-limited treadmill test based on modified
Bruce protocol by physicians blinded to the patients’

echocardiographic results. Poor FC was defined as
achievement of <5 MET in the exercise test.

Laboratory measurements

Peripheral venous blood samples were drawn be-
fore echocardiography examination and treadmill
test in all study population. Venous blood samples
were collected in a tube containing K3 EDTA for
measurement of hematologic indices in all patients.
Hematologic indices were evaluated from complete
blood count analysis performed using the XT-2000i
(Sysmex Corporation of America, Long Grove, Illi-
nois, USA) analyzer. NT-proBNP measurement was
performed using an electrochemiluminescence sand-
wich immunoassay (ECLIA, Roche Diagnostics) on a
Modular analytics Hitachi Cobas 6000. The N/L ratio
was calculated by dividing neutrophil count to lym-
phocyte count. Afterwards, patients with CHF were
divided into two groups with respect to the top and
bottom 3 of the N/L ratio.

Table 1. Echocardiographic characteristics, functional capacity and NT-proBNP level of patients with heart failure (n=94)

n % Mean+SD
Ischemic cardiomyopathy 55 58.5
Idiopathic dilated cardiomypopathy 39 41.5
Atrial fibrillation 12 12.7
Sinus rhythm 82 87.3
Functional capacity (Metabolic equivalent) 5.0 (1.0-10.0) 4.8+2.49
NT-proBNP level (pg/ml) 1680.0 (90.0-8900.0) 2375.5+2233.9
Ejection fraction (%) 33.0 (20.0-45.0) 33.4+7.34
Systolic pulmonary artery pressure (mmHg) 40.0 (30.0-70.0) 43.6+10.61
Left ventricle end-diastolic diameter (cm) 5.9+0.46
Left ventricle end-systolic diameter (cm) 5.0+0.62
Mitral inflow E-wave (cm/sn) 0.94+0.79
Mitral inflow A-wave (cm/sn) 0.75+0.24
Ea (cm/sn) 9.0+2.89
Aa (cm/sn) 7.0+2.60
E/Ea ratio 10.4+4.00
Interventicular septum end-diastolic diameter (cm) 1.0 (0.80-1.70)
Left atrium maxdiameter (cm) 4.4+0.49
Mitral regurgitation (mild/moderate/severe) 53/24/117
Tricuspid regurgitation (mild/moderate/severe) 72/16/5

Continious variables were expressed as meanzstandard deviation or median (minimum-maximum), and categorical variables as number of cases and
percentage (%). Aa: Atrial contraction velocity using Doppler tissue imaging; Ea: Early diastolic filling using Doppler tissue imaging; NT-proBNP: N-terminal

pro-brain natriuretic peptide.
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Statistical analysis

Statistical analysis was performed with the use of
SPSS 15.0 for Windows (SPSS Inc.). The one sam-
ple Kolmogorov-Smirnov test was used to determine
whether the data was distributed normally. Continu-
ous variables with the normal distribution were re-
ported mean+tstandard deviation, and compared using
Student’s t-test, and those without normal distribution
were reported as median (min-max), and compared
using Mann—Whitney’s U-test. Categorical variables
were defined as percentages and assessed by chi-
square test. If one of the cells had an expected count
of among 5-10, we used continuity correction test in-
stead of the chi-square test. Correlation analysis was
performed using Spearman’s or Pearson test. In con-
sideration of the wide range and of the not skewed dis-
tribution of NT-proBNP levels was logaritmic trans-
formed to reduce the effects of extreme values and to
obtain a normal distribution for statistical tests. The
association of different variables in HF patients with
poor FC (<5 MET) were calculated in the univariate
analysis. The variables for which p value was <0.25

in the univariate analysis were identified as potential
risk factors for poor FC and included in the full mul-
tivariate model as covariates. Backward elimination
multivariate logistic regression analysis using like-
lihood ratio test was utilized to eliminate variables.
Patients with CHF (n=94) were categorized into two
groups with respect to the top and bottom 5 MET of
their FC and these groups were identified as the state
variable in the receiver operating characteristics curve
(ROC) analysis. The state variable values of CHF pa-
tients with poor FC <5 MET and with FC >5 MET
were defined to be “1” and “0” respectively. Continu-
ous form of N/L ratio was included as a test variable
in this analysis. The value at which sensitivity and
specificity of N/L ratio are closest was accepted as the
cut-off point for CHF patients with poor FC. P<0.05
was considered as statistically significant.

RESULTS

The baseline characteristics, NT-proBNP levels, and
functional capacities of the patients with CHF are
presented in Table 1; a comparison of this group with

Table 2. Comparison of patients with heart failure and control individuals in terms of clinical, biochemical and

hematological characteristics

Control (n=70) Heart failure (n=94) o
n % Mean+SD n Y% Mean+SD
Age (years) 53.3+12.35 56.7+10.90 0.445"
Male gender 35 50.0 59 62.8 0.102¢
Body mass index (kg/m?) 26.5+3.62 26.6+£3.10 0.912*
Diabetes mellitus 13 18.6 14 14.9 0.530*
Hypertension 16 229 33 35.1 0.090%
Smoking 18 25.7 34 36.2 0.155*
LDL-cholesterol (mg/dl) 107.8+30.73 111.0+28.89 0.502*¢
Plasma creatinine (mg/dl) 0.69+0.13 0.77+0.13 <0.001*
White blood cell (10%/mm?g) 7.9+1.62 7.6x1.54 0.141*
Neutrophil (103/mm?) 4.5+1.27 4.8+1.30 0.295*
Lymphocyte (103/mm?3) 2.5+0.60 1.8+0.63 <0.001*
Neutrophil lynphocyte ratio 1.8 (1.0-3.8) 2.6 (1.1-6.3) <0.001*
Hemoglobin (g/dl) 14.2+1.13 13.8+0.98 0.014~
Platelet (103/mm?) 263.8+65.55 215.8+61.15 <0.001*
Mean platelet volume (fl) 9.1 (6.0-10.9) 10.3 (6.2-13.0) <0.001"
Use of statin 15 21.4 22 23.4 0.765*

Continuous variables were expressed as meanzstandard deviation or median (minimum-maximum), and nominal variables as number of cases and percent-
age (%). *Student’s t-test, TMann-Whitney U-test, *Pearson Chi-square test was used for nominal variables. LDL: Low-density lipoprotein.
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the control group is provided in Table 2. There was
no significant difference between the groups in terms
of age, sex, body mass index, hypertension, diabetes
mellitus, smoking history, low-density lipoprotein
cholesterol level, white blood cell count, and neutro-
phil count (>0.05). The lymphocyte counts (1.8+0.63
x 103 vs. 2.5£0.60 x 10 p<0.001) were lower in the
CHF group than in the control group. Moreover, the
N/L ratios (2.9+£1.30 vs. 1.840.55; p<0.001) were
higher in the CHF group. Additionally, in a subgroup
analysis, the N/L ratio tertile was found to be similar
between patients with idiopathic dilated cardiomy-
opathy and ischemic cardiomyopathy (2.7+1.29 x 10°
vs. 3.0£1.30 x 10%; p=0.245). Therefore, the N/L ratio
tertile was found to be significantly higher in patients
with atrial fibrillation than in those with a normal
sinus thythm (3.67+1.12 x 10° vs. 2.79£1.29 x 103
p=0.029). The patients with CHF were divided into
two groups with respect to the top and bottom three
N/L ratios. A comparison of patients with an N/L ratio

>3 with those having an N/L ratio <3 in terms of poor
prognostic markers of HF is shown in Table 3. The FC
levels (3.2+2.05 MET vs. 6.1+2.04 MET; p<0.001)
were lower in those CHF patients with an N/L ratio
>3 than in those with an N/L ratio <3 (Fig. 1). A cor-
relation analysis between the FC levels and several
variables of the CHF patients revealed a significant
relationship between FC and N/L ratio (r=—0.612,
p<0.001) (Table 4). Afterwards, the CHF patients
were divided into two groups; low (<5 MET, n = 39)
and high (>5 MET, n=55) FC, according to their func-
tional status in an exercise test. Among the variables
for which the p<0.25 in the univariate analysis includ-
ing the smoking, atrial fibrillation, mitral and tricus-
pid regurgitation, log-NT-proBNP, N/L ratio, LV end-
systolic diameter, mean platelet volume (MPV), LV
EF, systolic PAP, LA diameter, E/Ea ratio, body mass
index, hemoglobin values were included multivari-
ate regression analysis and the N/L ratio and log-NT-
proBNP were identified to be predictors of patients

Table 3. Association of neutrophil lymphocyte ratio with heart failure patients’ characteristics

N/L ratio <3 (n=53) N/L ratio >3 (n=41) p
n Y% Mean+SD n % Mean+SD
Age (years) 57.6+9.33 55.6+12.68  0.400*
Gender (female) 20 37.7 15 36.6 0.909%
Body mass index (kg/m?) 26.7+3.27 26.3+2.89 0.516*
Diabetes mellitus 7 13.2 7 171 0.818°%
Hypertension 17 32.1 16 39.0 0.484*
Smoking 18 34.0 16 39.0 0.612*
LDL-C (mg/dl) 111.1£32.89 110.8+23.12  0.952*
Plasma creatinine (mg/dl) 0.6+0.14 0.6+0.13 0.721*
Log-NT-proBNP level (pg/ml) 3.0+0.46 3.3+0.38 <0.001*
Functional capacity (MET) 6.0 (1.0-10.0) 2.0 (1.0-9.0) <0.001"
Ejection fraction (%) 35.0 (20.0-45.0) 30.0 (20.0-45.0) 0.028"
Systolic PAP (mmHg) 38.0 (30.0-70.0) 45.0 (30.0-70.0) 0.049°f
E/Ea ratio 9.2+3.20 12.2+¢4.37  <0.001*
Atrial fibrilation 2 3.8 10 24.4 0.0088
LAmax diameter (cm) 4.3+0.43 4.6+0.52 0.005*
MPV (fl) 10.3 (6.5-13.0) 10.5 (6.2-12.2) 0.0521
Use of statin 12 22.6 10 24.4 0.843%

Continious variables were expressed as meanztstandard deviation or median (minimum-maximum), and nominal variables as number of cases and percent-
age (%). *Student’s t-test; TMann-Whitney U-test; *Pearson Chi-square; SContinuity Correction test were used for nominal variables whichever is appropri-
ate. E/Ea ratio: Mitral velocity of early diastolic filling from transmitral flow/early diastolic filling using Doppler tissue imaging; LDL: Low-density lipoprotein
cholesterol; LA: Left atrium; MPV: Mean platelet volume; MET: Metabolic equivalent; NLR: Neutrophil lymphocyte ratio; PAP: Pulmonary artery pressure;
NT-proBNP: N-terminal pro-brain natriuretic peptide.
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Table 4. Correlation between functional capacity (metabolic equivalent) and clinical,
echocardiographic, biochemical parameters by using correlation analysis

r p
Neutrophil to lymphocyte ratio -0.612 <0.001"
N-terminal pro-brain natriuretic peptide (pg/ml) -0.586 <0.001"
E/Ea ratio -0.555 <0.001*
Aa (cm/sn) 0.300 0.007*
Systolic pulmonary artery pressure (mmHg) -0.456 <0.001*
Ejection fraction (%) 0.413 <0.001"
Left atrium max diameter (mm) -0.355 0.001*
Left ventricul end-systolic diameter (mm) -0.400 <0.001*
Left ventricul end-diastolic diameter (mm) -0.302 0.004*
Mitral regurgitation -0.308 0.0021
Tricuspid regurgitation -0.472 <0.001f
Hemoglobin (g/dl) 0.263 0.010"

*Pearson test, fSpearman’s rho. Aa: Atrial contraction velocity using Doppler tissue imaging, E/Ea ratio: Mitral veloc-
ity of early diastolic filling from transmitral flow/early diastolic filling using Doppler tissue imaging.

with a poor FC (<5 MET) (respectively: odds ratio
[OR]=3.085, 95% confidence interval [CI]=1.520-
6.260, p=0.002 and OR=1.585, 95% CI=1.201-2.091,
p=0.001). The cut-off value of N/L ratio for predic-
tion of poor FC was >2.74 with a sensitivity of 79.4%
and a specificity of 80% (+LR: 3.97, —LR: 0.26, +PV:
73.8, —PV: 84.6) in the ROC curve analysis (AUC:
0.819; 95% CI: 0.731-0.908; p<0.001) (Fig. 2).

DISCUSSION

In the current study, the lymphocyte count was found
to be significantly lower despite a normal neutrophil
count, and the N/L ratio was found to be significant-
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Figure 1. Functional capacity of patients with heart failure
according to N/L ratio.
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Figure 2. The cut-off value of N/L ratio for prediction of poor
functional capacity in patients with heart failure was >2.74
with a sensitivity of 79.4% and a specificity of 80% in the re-
ceiver operating characteristics curve analysis (AUC: 0.819;
95% confidence interval: 0.731-0.908; p<0.001).
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ly higher in patients with CHF than in normal sub-
jects. Lymphocytopenia and increased mortality are
independently associated in patients with acute and
chronic HE.['?! Reduced lymphocyte proliferation and
differentiation, neurohumoral activation, and lympho-
cyte apoptosis are possible mechanisms of lympho-
cytopaenia.l'? Relative lymphopenia is evidence of
the cortisol-induced stress response in patients with
cardiovascular disease.!'*]

The N/L ratio has been proposed as a prognostic
marker of the systemic inflammatory response. It is
a new addition to the long list of such inflammatory
markers. A high N/L ratio is associated with a poor
clinical outcome in various cardiac diseases, includ-
ing acute coronary syndrome, non-ST-segment eleva-
tion myocardial infarction (STEMI), and STEMI.!3-1%)
Tamhane et al.l'*! reported that patients with non-STE-
MI or STEMI in tertile 3 had higher in-hospital and 6
months mortality rates. Additionally, a search of the
literature revealed only one study of the association
between N/L ratio and a poor prognosis in patients
with decompensated HF. In that study, Uthamalingam
et al.” reported that an increase in N/L ratio was asso-
ciated with increased mortality and morbidity in these
patients. Additionally, they found that patients with
decompensated HF in tertile 4 had higher morbidity
and mortality rates. However, to date, the N/L ratio
has not been investigated in patients with CHF. In our
study, markers of a poor prognosis in CHF, includ-
ing FC, NT-proBNP level, E/Ea ratio, PAP, LA diam-
eter, and a EF were found to be significantly higher
in those patients with an N/L ratio >3. According to
these results, the N/L ratio may be used as an inexpen-
sive marker to aid in the risk stratification of patients
with CHF.

Exercise performance is an important parameter
since a lower FC translates into independence in daily
activities and an improved quality-of-life. Besides, it
is an independent predictor of morbidity and mortal-
ity in HF patients. Immunological and inflammatory
responses are major pathophysiological features in
the exercise performance of HF patients.['! Leuko-
cyte activation and the migration of these cells from
the blood to sites of inflammation may play a signifi-
cant role in reduced exercise capacity.'®!” Therefore,
recent investigations have suggested that proinflam-
matory cytokines (e.g., tumor necrosis factor-alpha
and interleukin-1 [IL-1]) are capable of modulating

cardiac function, peripheral vascular function, and
exercise performance via a number of mechanisms,
including the production of oxygen free radicals and
apoptosis.['*!! Previous studies have demonstrated
the lack of a relationship between exercise capacity
and conventional echocardiographic parameters such
as LV function, and LV diameter.??! Similarly, we
found that FC was poorly correlated with echocardio-
graphic parameters. In contrast, a strong correlation
was found between N/L ratio and FC; moreover, N/L
ratio was identified as an independent determinant of
exercise capacity. We also found that the cut-off value
of 2.74 for N/L ratio was a predictor of a poor FC
in HF patients (<5 MET). According these findings,
we conclude that the N/L ratio is an inexpensive and
easy to obtain a marker that can be used to procure
preliminary information about exercise performance
in CHF patients.

In the current study, the MPV was increased signif-
icantly in the HF group. The MPYV, a marker of platelet
activity, is increased in patients with acute myocardial
infarction and stroke, and it has been shown to be a
predictive marker for future adverse coronary events
following myocardial infarction.**?”7 A poorly con-
tracting ventricle allows blood stasis, which can lead
to thrombus formation. Previously, Tekin et al.® re-
ported that the MPV was significantly greater in pa-
tients with DCMP than in normal subjects and that it
was strongly associated with LV thrombus formation
in these patients. In our study, the MPV was signifi-
cantly higher in HF patients with an N/L ratio >3 than
in those with an N/L ratio <3 and in the control sub-
jects. These results indicate that the thrombogenicity
may be increased in patients with an N/L ratio >3.
However, further study is needed to determine wheth-
er the N/L ratio contributes to LV thrombus formation.

Study limitations

The major limitation of the present study was the rela-
tively small number of patients; subjects were only
selected from patients with CHF. Furthermore, the
cross-sectional design limited our ability to determine
the significance of changes in the N/L ratio for the
long-term prognosis and mortality of patients with
LVSD. Therefore, other inflammatory parameters
such as IL-6, tumor necrosis factor-a and high sensi-
tive C-reactive protein were not measured simultane-
ously because they are mostly not available in daily
practice.
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The current study shows that!!! the N/L ratio was
increased in CHF patients;? the N/L ratio was strong-
ly related to markers of a poor prognosis, including
the NT-proBNP level, a low EF, exercise capacity, LA
diameter, E/Ea ratio, and PAP;P! the aforementioned
parameters were significantly higher in patients with
an N/L ratio>3 than in those with an N/L ratio<3 and
in the controls; and™ a cut-off point of 2.74 for the
N/L ratio can be used to predict a poor FC, and it may
be used as a new biomarker for poor outcome in pa-
tients with HF. However, further study is needed to
determine whether the N/L ratio contributes to the es-
timated poor outcome in CHF patients.

Conflict-of-interest issues regarding the authorship or
article: None declared

REFERENCES

1. Ayhan SS, Ozturk S, Erdem A, Ozlu MF, Ozyagsar M, Erdem
K, et al. Relation of neutrophil/lymphocyte ratio with the
presence and severity of coronary artery ectasia. Turk Kardi-
yol Dern Ars 2013;41:185-90. CrossRef

2. Gungor H, Nalbantgil S, Oguz E, Ayik MF, Zoghi M, Ertugay
S, et al. Changes in etiology, cause of death, survival, and
mortality rates in cardiac transplant patients from 1998 to
2011. Turk Kardiyol Dern Ars 2012;40:26-32. CrossRef

3. Noutsias M, Seeberg B, Schultheiss HP, Kuhl U. Expression
of cell adhesion molecules in dilated cardiomyopathy: evi-
dence for endothelial activation in inflammatory cardiomy-
opathy. Circulation 1999;99:2124-31. CrossRef

4. Yildiz A, Kaya H, Ertag F, Oylumlu M, Bilik MZ, Yuksel
M, et al. Association between neutrophil to lymphocyte ratio
and pulmonary arterial hypertension. Turk Kardiyol Dern Ars
2013;41:604-9. crossRef

5. Uthamalingam S, Patvardhan EA, Subramanian S, Ahmed W,
Martin W, Daley M, et al. Utility of the neutrophil to lympho-
cyte ratio in predicting long-term outcomes in acute decom-
pensated heart failure. Am J Cardiol 2011;107:433-8. CrossRef

6. Lang RM, Bierig M, Devereux RB, Flachskampf FA, Foster
E, Pellikka PA, et al. Recommendations for chamber quantifi-
cation. Eur J Echocardiogr 2006;7:79-108. CrossRef

7. Di Salvo G, Galderisi M, Rea A, Ansalone G, Dini FL, Gal-
lina S, et al. Evaluation of atrial function by echocardiogra-
phy. [Article in Italian] G Ital Cardiol (Rome) 2007;8:225-35.
[Abstract]

8. Ommen SR, Nishimura RA, Appleton CP, Miller FA, Oh JK,
Redfield MM, et al. Clinical utility of Doppler echocardiog-
raphy and tissue Doppler imaging in the estimation of left
ventricular filling pressures: A comparative simultaneous
Doppler-catheterization study. Circulation 2000;102:1788-94.

9. The Criteria Committee of the New York Heart Association

10.

11.

12.

13.

14.

15.

17.

19.

20.

21

Nomenclature and criteria for diagnosis of diseases of the
heart and blood vessels. Boston: Little Brown; 1964.
Mancini DM, Eisen H, Kussmaul W, Mull R, Edmunds LH
Jr, Wilson JR. Value of peak exercise oxygen consumption
for optimal timing of cardiac transplantation in ambulatory
patients with heart failure. Circulation 1991;83:778-86. CrossRef
Fleg JL, Pina IL, Balady GJ, Chaitman BR, Fletcher B, Lavie
C, Limacher MC, et al. Assessment of functional capacity in
clinical and research applications: An advisory from the Com-
mittee on Exercise, Rehabilitation, and Prevention, Council
on Clinical Cardiology, American Heart Association. Circula-
tion 2000;102:1591-7. CrossRet

Ommen SR, Hodge DO, Rodeheffer RJ, McGregor CG,
Thomson SP, Gibbons RJ. Predictive power of the relative
lymphocyte concentration in patients with advanced heart
failure. Circulation 1998;97:19-22. CrossRef

Tamhane UU, Aneja S, Montgomery D, Rogers EK, Eagle
KA, Gurm HS. Association between admission neutrophil to
lymphocyte ratio and outcomes in patients with acute coro-
nary syndrome. Am J Cardiol 2008;102:653-7. CrossRef

Azab B, Zaher M, Weiserbs KF, Torbey E, Lacossiere K, Gad-
dam S, et al. Usefulness of neutrophil to lymphocyte ratio in
predicting short- and long-term mortality after non-ST-eleva-
tion myocardial infarction. Am J Cardiol 2010;106:470-6.
Niunez J, Nanez E, Bodi V, Sanchis J, Minana G, Mainar L, et
al. Usefulness of the neutrophil to lymphocyte ratio in predict-
ing long-term mortality in ST segment elevation myocardial
infarction. Am J Cardiol 2008;101:747-52. CrossRef

. Adamopoulos S, Parissis J, Kroupis C, Georgiadis M, Karat-

zas D, Karavolias G, et al. Physical training reduces periph-
eral markers of inflammation in patients with chronic heart
failure. Eur Heart J 2001;22:791-7. CrossRef

Pinsky DJ, Cai B, Yang X, Rodriguez C, Sciacca RR, Can-
non PJ. The lethal effects of cytokine-induced nitric oxide
on cardiac myocytes are blocked by nitric oxide synthase
antagonism or transforming growth factor beta. J Clin Invest
1995;95:677-85. CrossRef

. Mann DL, Young JB. Basic mechanisms in congestive heart

failure. Recognizing the role of proinflammatory cytokines.
Chest 1994;105:897-904. crossRef

Devaux B, Scholz D, Hirche A, Klovekorn WP, Schaper J.
Upregulation of cell adhesion molecules and the presence of
low grade inflammation in human chronic heart failure. Eur
Heart J 1997;18:470-9. CrossRef

Martinez-Sellés M, Garcia Robles JA, Prieto L, Frades E,
Muhoz R, Diaz Castro O, et al. Hospitalized congestive heart
failure patients with preserved versus abnormal left ventricu-
lar systolic function. [Article in Spanish] Rev Esp Cardiol
2002;55:579-86. [ Abstract] CrossRef

. Yilmaz MB, Zorlu A, Bektagsoglu G, Yontar OC, Tandogan I.

The product of eGFR and hemoglobin may help predict mor-
tality in systolic heart failure patients without severe anemia
and renal failure. Turk Kardiyol Dern Ars 2012;40:9-15. crossRet


http://dx.doi.org/10.5543/tkda.2013.83030
http://dx.doi.org/10.5543/tkda.2012.01796
http://dx.doi.org/10.1161/01.CIR.99.16.2124
http://dx.doi.org/10.5543/tkda.2013.93385
http://dx.doi.org/10.1016/j.amjcard.2010.09.039
http://dx.doi.org/10.1016/j.euje.2005.12.014
http://dx.doi.org/10.1161/01.CIR.102.15.1788
http://dx.doi.org/10.1161/01.CIR.83.3.778
http://dx.doi.org/10.1161/01.CIR.102.13.1591
http://dx.doi.org/10.1161/01.CIR.97.1.19
http://dx.doi.org/10.1016/j.amjcard.2008.05.006
http://dx.doi.org/10.1016/j.amjcard.2010.03.062
http://dx.doi.org/10.1016/j.amjcard.2007.11.004
http://dx.doi.org/10.1053/euhj.2000.2285
http://dx.doi.org/10.1172/JCI117713
http://dx.doi.org/10.1378/chest.105.3.897
http://dx.doi.org/10.1093/oxfordjournals.eurheartj.a015268
http://dx.doi.org/10.1016/S0300-8932(02)76665-7
http://dx.doi.org/10.5543/tkda.2012.01496

620

Tirk Kardiyol Dern Ars

22.

23.

24.

25.

Davutoglu V, Yildirim C, Kucukaslan H, Yuce M, Sari I, Tara-
kcioglu M, et al. Prognostic value of pleural effusion, CA-125
and NT-proBNP in patients with acute decompensated heart
failure. Kardiol Pol 2010;68:771-8.

Tengiz I, Turk UO, Alioglu E, Kirilmaz B, Tamer GS, Tuztn
N, et al. The relationship between adiponectin, NT-pro-BNP
and left ventricular ejection fraction in non-cachectic patients
with systolic heart failure: an observational study. Anadolu
Kardiyol Derg 2013;13:221-6.

Franciosa JA, Park M, Levine TB. Lack of correlation be-
tween exercise capacity and indexes of resting left ventricular
performance in heart failure. Am J Cardiol 1981;47:33-9. CrossRef
Dufay-Bougon C, Belin A, Dahdouh ZS, Barthelemy S,
Mabire JP, Sabatier R, et al. The prognostic value of the car-
diopulmonary exercise test in patients with heart failure who
have been treated with beta-blockers. Turk Kardiyol Dern Ars
2013,41105-12 CrossRef

26.

27.

28.

Tsiara S, Elisaf M, Jagroop IA, Mikhailidis DP. Platelets as
predictors of vascular risk: is there a practical index of platelet
activity? Clin Appl Thromb Hemost 2003;9:177-90. crossret
Kiligli-Camur N, Demirtun¢ R, Konuralp C, Eskiser A,
Bagaran Y. Could mean platelet volume be a predictive marker
for acute myocardial infarction? Med Sci Monit 2005;11:387-
92.

Tekin G, Sivri N, Tekin YK, Topal E, Erbay AR, Yetkin E.
Mean platelet volume in patients with dilated cardiomyopa-
thy: does it have a role in left ventricular thrombus formation?
Angiology 2012;63:552-5. CrossRef

Key words: Biological markers; heart failure; lymphocyte count; neu-
trophils.

Anahtar sézciikler: Biyolojik belirteg; kalp yetersizligi; lenfosit sa-
yisi; notrofil.


http://dx.doi.org/10.1016/0002-9149(81)90286-1
http://dx.doi.org/10.5543/tkda.2013.87404
http://dx.doi.org/10.1177/107602960300900301
http://dx.doi.org/10.1177/0003319712443000

