
Türk Kardiyol Dern Arş - Arch Turk Soc Cardiol 2013;41(7):604-609   doi: 10.5543/tkda.2013.93385

Association between neutrophil to lymphocyte ratio
and pulmonary arterial hypertension

Nötrofil/lenfosit oranı ile pulmoner arter
hipertansiyonu arasındaki ilişki
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Objectives: Pulmonary hypertension (PH) is composed of a 
heterogeneous group of disorders marked by increased pul-
monary artery resistance leading to right heart failure, with 
high mortality. Evidence is increasing to propose that inflam-
mation plays a significant role in the pathophysiological mech-
anism. Increased prevalence of PH in patients with systemic 
inflammatory diseases is already known. Herein, we sought 
to evaluate the association between neutrophil to lymphocyte 
ratio (N/L ratio) and pulmonary arterial hypertension (PAH).
Study design: Twenty-five patients with PAH and 25 controls 
were evaluated. Baseline clinical and echocardiographic vari-
ables were obtained. Complete blood counts in all patients 
and controls were reviewed retrospectively.
Results: The N/L ratio was higher in patients with PAH com-
pared to healthy volunteers (p=0.05). A cut-off value of 1.65 
for N/L ratio predicted the presence of PAH with 72% sensitiv-
ity and 69% specificity. After multivariate analysis, only N/L 
ratio remained a significant predictor of PAH.
Conclusion: We showed for the first time that N/L ratio was 
significantly increased in patients with PAH compared to con-
trols.

Amaç: Pulmoner hipertansiyon (PH) sağ ventrikül yetersizliği 
ve yüksek mortalite ile seyreden artmış pulmoner arter direnci 
ile kendini gösteren heterojen bir hastalık grubundan oluşur. 
Son zamanlarda patofizyolojik mekanizmada enflamasyonun 
merkezi bir rolü olduğu ile ilgili kanıtlar artmaktadır. Sistemik 
enflamatuvar hastalıklarda PH prevalansının artmış olduğu 
zaten bilinmektedir. Bu çalışmada, nötrofil/lenfosit oranı (N/L 
oranı) ile pulmoner arter hipertansiyonu (PAH) arasındaki iliş-
ki değerlendirildi.
Çalışma planı: Pulmoner arter hipertansiyonu bulunan 25 
hasta ve sağlıklı 25 gönüllüden oluşan kontrol grubu değer-
lendirildi. Bazal klinik ve ekokardiyografik bulgular kaydedildi. 
Tüm hasta ve kontrol grubunun tam kan sayımları geriye dö-
nük olarak değerlendirildi. 
Bulgular: Nötrofil/lenfosit oranı kontrol grubuna göre PAH’lı 
hastalarda daha yüksekti (p=0.05). N/L oranının 1.65 eşik 
değeri PAH varlığını %72 duyarlılık ve %69 özgüllük ile ön-
görmekteydi. Çok değişkenli analizden sonra sadece N/L ora-
nının PAH’ın anlamlı öngördürücüsü olarak kaldığı saptandı.
Sonuç: Nötrofil/lenfosit oranının kontrol grubuna göre PAH’lı 
hastalarda daha yüksek olduğu gösterildi.
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ABSTRACT ÖZET

Pulmonary hypertension is a multifactorial, chronic 
and progressive disease causing right heart dys-

function and eventually death. Excessive vasocon-
striction, thrombosis and abnormal vascular remodel-
ing result in increased pulmonary vascular resistance 
and right ventricular afterload.[1,2]

While pulmonary arterial hypertension (PAH) was 

once regarded mainly as a disease of excessive vaso-
constriction, it is now considered to be a vasculopathy 
in which structural changes caused by excessive vas-
cular cell growth and inflammation play a major role.[2]

White blood cell (WBC) count and its subtypes 
have been studied as inflammatory markers for pre-
dicting adverse cardiovascular outcomes.[3,4] Of these 



subtypes, the neutrophil to lymphocyte ratio (N/L ra-
tio), was found in several studies to be associated with 
severity of the disease and prognosis.[5,6]

To the best of our knowledge, N/L ratio has not 
been studied in patients with PAH. Thus, in this study, 
we sought to evaluate the association between N/L ra-
tio and PAH.

PATIENTS AND METHODS

Study population 

The study group consisted of 25 patients with PAH (16 
females, mean age: 37.6±17.7 years), and the control 
group consisted of 25 healthy volunteers (15 females, 
mean age: 37.8±12.3 years). The study group included 
PAH patients who had undergone physical examina-
tion, echocardiography, and diagnostic cardiac cathe-
terization. The etiologies were idiopathic in 14 patients 
and PAH associated with congenital heart disease in 11 
patients. All PAH patients were on pulmonary-specific 
therapy. The control group underwent physical ex-
amination and echocardiography. PAH was defined as 
mean pulmonary arterial pressure (mPAP) ≥25 mmHg 
and pulmonary capillary wedge pressure ≤15 mmHg 
at rest detected by cardiac catheterization.[7] Patients 
were excluded from analysis if they were on warfarin 
treatment (n=2), or had cancer (n=1), systemic inflam-
matory disease (n=3), anemia (n=2), active infection 
(n=2), or left ventricular dysfunction (n=3). The insti-
tutional ethics committee approved the study and all 
patients gave their informed consent.

Biochemical measurements 

Venous blood samples were drawn in the morning 
from the antecubital vein after a fasting period of 12 
hours. Total and differential leukocyte counts were 
measured within 30 minutes of sampling by an auto-
matic blood counter (Abbott Cell-Dyn 3700; Abbott 
Laboratory, Abbott Park, IL). Glucose, creatinine, 
and C-reactive protein (CRP) levels were assessed by 
standard methods.

Statistical analysis

Data were analyzed with the Statistical Package for 
the Social Sciences (SPSS) software version 16.0 for 
Windows (SPSS Inc, Chicago, IL). The Kolmogorov-
Smirnov test was used to verify the normality of distri-
bution of continuous variables. Continuous variables 
were defined as means ± standard deviation; categori-

cal variables were 
given as percentages. 
The independent sam-
ple t test or the Mann-
Whitney U test was 
used for the continuous 
variables and the chi-
square test for categor-
ical variables. Spear-
man test was used for 
correlation analysis. 
Statistical significance was defined as p<0.05. Receiv-
er operating characteristic (ROC) curve analysis was 
used to determine the optimum cutoff levels of N/L 
ratio in association with PAH. Multivariate logistic re-
gression analysis was performed to assess the indepen-
dent predictors of PAH. All variables that were found 
significant in univariate analysis were included in the 
logistic regression model, and results are shown as an 
odds ratio (OR) with 95% confidence intervals (CIs).

RESULTS

Baseline demographic, biochemical and hemody-
namic parameters of the study and control groups 
are shown in Table 1. There were no statistically 
significant differences between the two groups with 
respect to age, gender, systolic and diastolic blood 
pressures, and levels of glucose, creatinine, CRP, he-
moglobin, WBC, and platelet count. Mean platelet 
volume (MPV) and platelet distribution width (PDW) 
were significantly higher among patients with PAH 
when compared with the control group (8.94±1.38 vs. 
7.99±0.76 fl, p=0.005 and 18.14±1.23 vs. 17.4±0.56, 
p=0.005, respectively). Compared with the control 
group, red cell distribution width (RDW) and N/L ra-
tio were significantly higher among patients with PAH 
(17.29±2.15 vs. 15.63±0.78, p=0.05 and 2.44±1.06 vs. 
1.55±0.38, p=0.05, respectively; Fig. 1).

We analyzed the correlation between PAP and N/L 
ratio and RDW by Spearman test. According to the 
Spearman test, PAP was correlated with N/L ratio 
and RDW (r=0.293, p=0.046 and r=0.414, p=0.004, 
respectively). There was also a good correlation be-
tween N/L ratio and RDW (r=0.302, p=0.039).

After multivariate logistic regression analysis, 
only N/L ratio remained a significant predictor of 
PAH (OR: 5.472, 95% CI: 1.432-20.908, p=0.01; 
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Abbreviations:

CRP C-reactive protein
IL Interleukin
IPAH Idiopathic PAH
MPV Mean platelet volume
N/L Neutrophil to lymphocyte
PAH Pulmonary arterial hypertension
PDW Platelet distribution width
RDW Red cell distribution width
ROC Receiver operating characteristic
SPSS Statistical Package for the Social  
 Sciences
WBC White blood cell
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Table 2). By ROC analysis, a level of N/L ratio ≥1.65 
predicted the presence of PAH with 72% sensitivity 
and 69% specificity (ROC area under curve: 0.767, 
95% CI: 0.628-0.906, p=0.002; Fig. 2).

DISCUSSION

To our knowledge, N/L ratio has never been studied in 
PAH, and this is the first study showing the indepen-

dent relationship between PAH and N/L ratio, which 
is a simple and reliable indicator of inflammation.

Regardless of the initial trigger, the elevated pul-
monary vascular resistance in patients with PAH is 
primarily caused by endothelial dysfunction, remod-
eling, vasoconstriction, and thrombosis of small and 
medium pulmonary arteries.

Endothelial dysfunction is associated with a re-

Table 1. Comparison of baseline characteristics and laboratory and hemodynamic parameters

 PAH (n=25) Control (n=22) p
 Mean±SD Mean±SD

Age (years) 37.6±17.7 37.8±12.3 0.97
Sex (Male/Female) 9/16 7/15 0.76
Systolic blood pressure (mmHg) 112±11.64 112.05±9.84 0.98
Glucose (mg/dl) 94.32±8.73 91.59±5.53 0.21
Creatinine (mg/dl) 0.78±0.24 0.78±0.17 0.96
Total cholesterol (mg/dl) 162.83±31.06 189±37.13 0.06
Triglycerides (mg/dl) 129.58±54.90 149.53±92.70 0.51
High-density lipoprotein-cholesterol (mg/dl) 40.45±6.58 45.26±9.19 0.14
Low-density lipoprotein-cholesterol (mg/dl) 97.73±19.85 113.73±34.71 0.17
Hemoglobin (g/dl) 13.80±2.96 13.40±1.52 0.57
Red cell distribution width (%) 17.29±2.15 15.63±0.78 0.001
Platelet count (x109) 242.80±94.75 272.27±39.03 0.18
Mean platelet volume (fl) 8.94±1.38 7.99±0.76 0.007
Platelet distribution width (%) 18.14±1.23 17.4±0.56 0.013
White blood cell (x103 mg/dl) 8.02±1.75 8.29±2.19 0.64
Neutrophil (%) 58.66±14.86 54.16±5.81 0.19
Lymphocyte (%) 28.33±8.83 36.18±5.63 0.001
Neutrophil to lymphocyte ratio 2.44±1.06 1.55±0.38 0.001
C-reactive protein 0.52±0.21 0.51±0.19 0.81
Systolic pulmonary arterial pressure 78.04±31.00
Mean pulmonary arterial pressure 46.03±18.12
Data presented are mean values ± SD. Significance was set at p<0.05. PAH: Pulmonary arterial hypertension; SD: Standard deviation.

Table 2. Multivariate logistic regression analysis to assess predictors 
of pulmonary arterial hypertension

 Odds ratio (95% CI) p

Neutrophil to lymphocyte ratio 5.472 (1.432-20.908) .013
Mean platelet volume 0.677 (0.190-2.406) .546
Platelet distribution width 4.185 (0.810-21.620) .088
Red cell distribution width 1.872 (0.944-3.712) .072
CI: Confidence interval.



ogy of PAH with elevated levels of many cytokines 
and chemokines in affected patients.[9,10] Interleukin 
(IL)-6 has been linked to the development of pulmo-
nary hypertension in experimental models.[11] Local 
inflammation and an activated complement system 
may affect neutrophils and platelets and contribute 
to plugging in the microvasculature and further va-
soconstriction. The resulting vascular remodeling and 
proliferation cause a chronic elevation in pulmonary 
vascular resistance, right heart failure and eventually 
death.

White blood cell subtypes have an important role 
in modulating the inflammatory response in the PAH 
pathogenesis. Particularly, lymphocytopenia is a com-
mon finding in critical inflammatory states due to the 
increased lymphocyte apoptosis.[12] CD4+CD25+ 
cells are regulatory T lymphocytes (Treg) responsible 
for peripheral immune tolerance and are diminished 
in autoimmune diseases. There are conflicting data 
about which lymphocyte subgroup is affected in pa-
tients with PAH. Nicolls et al.[13] showed an associa-
tion between PAH and decreased CD4+ T-cell com-
partment and a decreased CD4+/CD8+ ratio, similar 
to the autoimmune or connective tissue disorders. Be-
cause of the decreased or ineffective Treg cells, B-cell 
dysregulation and breakage of natural self-tolerance 
occur, resulting in increased autoantibodies and im-
mune reaction to self tissues. In another study, Ulrich 
et al.[14] showed increased CD4+ regulatory and de-
creased CD8+ cytotoxic T cells in patients with idio-
pathic PAH (IPAH). They speculated that the increase 
in Treg cells in the blood of IPAH patients could be 
attributed to the necessity to suppress any self-reac-
tive T cells for the inhibition of autoimmune disease 
development and that CD8+ T cells were exhausted, 
similar to a disease process in chronic viral infections.

Consistent with the literature, we found signifi-
cantly less lymphocytes in PAH patients compared 
with controls. As N/L ratio reflects the balance be-
tween neutrophil and lymphocyte levels in the body, it 
is an indicator of systemic inflammation.[4,15] The pres-
ent study showed that N/L ratio, a promising marker 
of inflammation, was increased in PAH. Moreover, 
a level of N/L ratio ≥1.65 predicted the presence of 
PAH with 72% sensitivity and 69% specificity. Com-
pared to many other inflammatory markers, N/L ratio 
is inexpensive, widely available and routinely mea-
sured on admission; therefore, it adds no further cost. 

duction in endothelium-dependent vasodilatation and 
enhanced vasoconstriction. Adhesion and migration 
of circulating inflammatory cells occur at sites of 
endothelial damage, but the cascade of the signaling 
pathways resulting from such damage and the endo-
thelial dysfunction associated with the inflammatory 
changes are not well understood in PAH.[8]

There is increasing evidence that inflammation 
and oxidative stress play a role in the pathophysiol-
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Figure 1.  Neutrophil to lymphocyte ratio in patients with pul-
monary arterial hypertension and the control group. N/L ratio: 
Neutrophil to lymphocyte ratio; PAH: Pulmonary arterial hypertension.
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Figure 2.  The receiver operating characteristic (ROC) curve 
analysis of neutrophil to lymphocyte ratio for predicting the 
presence of pulmonary arterial hypertension.
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Previous studies have demonstrated the relationship 
between N/L ratio and coronary artery disease severi-
ty, bare metal stent stenosis, and metabolic syndrome, 
etc.[5,6,16]

Although N/L ratio was significantly elevated in 
the PAH group, CRP levels did not differ between 
the PAH and control groups. This may be due to the 
exclusion of patients with increased CRP assuming a 
subclinical infection or the suppression of CRP with 
specific therapy.

Mean platelet volume and PDW are morphologi-
cal parameters used in the assessment of platelet re-
activity indirectly, and their association with PAH has 
been investigated in several studies.[17-19] In patients 
with PAH, systemic inflammation might cause plate-
let activation and increase in MPV values by stimulat-
ing megakaryocytes.[20]

Red cell distribution width quantifies the variabil-
ity in the size of circulating red blood cells. Inflam-
mation, dysfunctional erythropoiesis, iron deficiency, 
and oxidative stress are some of possible mechanisms 
of elevated RDW, which is associated with poor out-
comes in various cardiovascular disorders, pulmo-
nary emboli and pulmonary hypertension.[21-24] In our 
study, MPV, PDW and RDW tended to increase in the 
PAH group with respect to the control group. How-
ever, only N/L ratio remained statistically significant 
after multivariate analysis. N/L ratio was well corre-
lated with RDW, supporting the hypothesis that RDW 
is a marker of underlying inflammation.

Our study has several limitations. This study rep-
resented a single center experience conducted on a 
small patient group due to the rarity of the disease. It 
provides no information regarding the cause or effect 
relationship between N/L ratio and PAH. Usage of a 
single blood sample will not anticipate the persistence 
of N/L ratio over time.

In conclusion, we showed that N/L ratio was sig-
nificantly increased in patients with PAH compared 
with controls. These data may support previous tri-
als reporting that hemostatic abnormalities may be 
involved directly in the pathogenesis of PAH, but this 
needs to be confirmed in larger randomized studies 
with more comprehensive assessment of hemostatic 
parameters. Understanding the exact role of the in-
flammatory pathway in the PAH pathogenesis may 
lead to new therapeutic approaches.
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