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Abstract  Background: Chronic obstructive pulmonary disease (COPD) is associated with the pulmonary and systemic 

inflammatory response. Neutrophil to lymphocyte ratio (NLR) was considered as a prognostic inflammatory marker in many 

inflammatory diseases. We aimed to assess the value of Neutrophil to Lymphocyte ratio in the prediction of Chronic 

Obstructive Pulmonary Disease. Method: One hundred and twenty COPD patients (do not receive systemic corticosteroid in 

the last three months before conducting the study) divided into two groups: 60 stable COPD patients as a group I and 60 acute 

exacerbated COPD patients as a group II were included in this study. Other 60 apparently healthy subjects served as a control 

group.). We evaluate NLR according to neutrophil count and lymphocyte count in complete blood count, C Reactive protein 

(CRP), Spirometry was done at least three times for all patients. Results: We found that the neutrophil count and NLR were 

significantly elevated in stable COPD (4.63±0.65, 3.19±0.97), respectively, than Healthy control (2.93±0.51, 1.55±0.73), 

respectively, and also, in AECOPD group (6.66±0.53, 5.36±1.46) than stable COPD group. However, there was no 

significant difference of total leukocytic count between the all studies groups. NLR was inversely correlated with forced 

expiratory volume in the 1 second (FEV1) (r= -0.390, p= 0.000) and FEV1/FVC (r= 0.234, p= 0.010). There was a significant 

positive correlation between NLR and CRP (r=0.469, p=0.0001). But there was no correlation with NLR and total CAT score 

(r= 0.0822, p= 0.5324). Conclusion: Our finding suggested that the neutrophil to lymphocyte ratio can be used as a good 

marker for prediction and detection of the acute exacerbation of COPD also for assessment and follow up the treatment 
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1. Introduction 

Acute exacerbation is one of the characteristic features of 

chronic obstructive pulmonary disease (COPD). It is 

characterized by a progressive decline in pulmonary function 

[1]. The pathological hallmark of COPD is a chronic 

inflammation of the lung and airways, this inflammation is 

increased during an acute exacerbation [2]. The acute 

exacerbated COPD is usually associated with a high rate of 

morbidity and mortality [3]. 

The accepted traditional method to evaluate the COPD 

progression and severity is pulmonary function test 

particularly forced expiratory volume in the first second 

(FEV1). However, the FEV1 measurement is poorly 

correlated with the presence of  specific symptoms and not  
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actually reflects the severity of COPD or its acute 

exacerbation [4]. Therefore we need another cheap and 

easily measurable biomarker to evaluate and predict the 

acute exacerbation of COPD. 

Indeed, besides the presence of chronic pulmonary 

inflammation in COPD, it is accompanied by persistence 

low-grade systemic inflammation at a stable stage of COPD 

and increased during exacerbation [5]. The systemic 

low-grade inflammation can be evaluated by measuring the 

C-reactive protein, serum fibrinogen, and leukocyte count [6]. 

There are many hematological markers considered as a 

reliable index of systemic inflammation. One of these 

markers is circulating neutrophil levels and the ratio between 

neutrophil to lymphocyte can predict the severity of some 

chronic inflammatory diseases as [7-9]. 

Therefore, we aimed to assess the value of Neutrophil to 

Lymphocyte ratio in the prediction of acute exacerbated 

Chronic Obstructive Pulmonary Disease in comparison to 

stable COPD and healthy control. 
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2. Material and Methods 

Our study was carried out in Al- Zahraa University 

hospital, during the period between March 2018 and 

December 2018. The current study included a total of 120 

COPD patients were admitted to Chest disease and Internal 

Medicine departments. We excluded the COPD patients who 

had pneumonia, bronchiectasis, tuberculosis, malignancy or 

any other inflammatory diseases. All patients had been 

receiving optimum medical treatment in the form of inhaled 

long-acting B2 stimulant, anticholinergic drugs, and an 

inhaled corticosteroid. Also, all patients do not receive 

systemic corticosteroid in the last three months before 

conducting in our study. Informed consent was taken from 

all subjects in this study. Our study was done according to 

the ethical committee of the Faculty of Medicine, Al Azhar 

University, and was conducted in accordance with the 

Declaration of Helsinki. All patients underwent full medical 

history taking and full clinical examination. 

The diagnosis of COPD patients were based on modified 

criteria by GOLD 2017 guideline [10]. All COPD patients 

had post-bronchodilator forced expiratory volume in the first 

second (FEV1) less than 80% of the predicted value, and 

FEV1/FVC (Forced vital capacity) not more than 70%. They 

had an increased FEV1 less than 200 ml or less than 12% of 

the baseline value, 15-20 minutes after puffs of inhaled 

salbutamol that was given via a metered-dose inhaler to 

differentiate between bronchial asthma and COPD. 

The COPD patients were classified according to the 

definition of acute exacerbation which, defined as a 

development of acute worsening of patients respiratory 

symptoms into stable COPD group and AECOPD group [4]. 

All participants were classified into three groups: 

Group I: 60 Stable COPD patients, their age ranged 

between 40 – 63 years. 

Group II: 60 acute exacerbated COPD patients, their age 

ranged between 35 – 67 years. 

Group III: 60 Healthy individuals as control group, their 

age ranged between 42 – 65 years. 

The all COPD patients and control group were subjected 

to the following: (all routine clinical tests were performed in 

the clinical pathology department and pulmonary function 

tests were done Respiratory department at Al Zahra hospital): 

Complete blood count, C Reactive protein, Erythrocyte 

sedimentation rate, Fasting and postprandial blood glucose 

level, Arterial blood gases, Plain X-ray chest, ECG, 

Transthoracic echocardiography, Pulmonary function tests 

(Vital capacity (VC), Forced expiratory volume in 1 s 

(FEV1%), Forced vital capacity). We calculated the 

neutrophil to lymphocyte ratio by dividing the absolute count 

of a neutrophil by the absolute count of lymphocyte. The 

resting arterial blood gases were done by using blood gases 

analyzer Rapid Lab 248. The following parameters were 

recorded pH, arterial O2 tension (PaO2), arterial CO2 tension 

(PaCO2), and HCO3. 

Complete blood count (CBC), C- Reactive protein (CRP) 

and Erythrocyte sedimentation rate (ESR) were measured 

from peripheral venous blood samples at clinical pathology 

department in Al- Zhraa University hospital. The Neutrophil 

to Lymphocyte ratio was calculated according to the 

neutrophil and lymphocyte counts from CBC. 

The lung function tests were carried out using Spirosift 

Spirometry 5000 FUKUD a NENSHI. Spirometric- indices 

were calculated using best of three technically satisfactory 

trials in accordance with the recommendation of American 

Thoracic Society [11]. The following parameters were 

recorded (FVC%, FEV1%, FEV1/FVC%, Peak expiratory 

flow rate, forced expiratory flow (FEF) 25-75%). 

The severity of the symptom was determined by the 

Modified Medical Research Council breathlessness score 

(mMRC). We used the COPD assessment test (CAT) score 

to assess patient life. 

3. Statistical Analysis 

SPAA for Windows used in the interpretation of data. 

Quantitative data were presented as the mean and standard. 

The 95% confidence interval was calculated when suitable. 

ANOA was used to test the significance of the changes in the 

measured variables across time point. Qualitative data were 

presented as number and percent. A p-value of 0.05 or less 

was considered statistically significant. 

4. Results 

Table 1 shows the demographic data of the study groups. 

A total of 120 COPD patients were included in the current 

study and other 60 healthy individuals served as a control 

group. Approximately, thirty-three percent of stable COPD 

patients were smokers and twenty-six percent were smokers 

in AECOPD, but there were twenty-eight percent smokers in 

the control group. There were eleven patients had type 2 

diabetes mellitus and eleven had systemic hypertension in 

stable COPD group but there were 22 patients had type 2 

diabetes mellitus and nine patients had systemic 

hypertension in AECOPD group. 

Table 2 shows the comparative studies between stable 

COPD group and healthy control group. There was a 

significant elevation of the mean neutrophil count in stable 

COPD group (4.63±0.65) than healthy control group 

(2.93±0.51), P <0.0001, also a significant elevation of the 

mean neutrophil to lymphocyte ratio in stable COPD group 

(3.19±0.97) than healthy control group (1.55±0.73), P 

<0.0001. While there was a significantly decrease of 

lymphocyte count in stable COPD group (1.56±0.44) than in 

the healthy control group (2.15±0.67), P <0.0001. But we 

found no significant difference in the mean total leucocytic 

count between stable COPD group (5.16±0.66) and healthy 

control group (5.20±0.99), p= 0.795. 
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Table 3 shows the comparison between the AECOPD 

group and stable COPD group. Among 60 stable COPD 

patients using m MRC dyspnea (Table 3), 20 (33.33%) were 

assigned to scale one, 35 (41.67%) in scale 2, and 15 (25%) 

in scale 3. While, among 60 AECOPD using m MRC 

dyspnea scale, there were 11 (18.33%) patients assigned in 

scale 2, 40 (66.67%) in scale 3, and 19 (31.67%) in scale 4. 

As regarding the blood gases, there were significant 

decreases of Pco2 (48.82±8.39), partial oxygen pressure 

(Po2) (64.83±7.65), and HCO3, in AECOPD (25.89±7.44) 

than in stable group partial carbon dioxide pressure (Pco2) 

(39.47±2.76), Po2 (84.34±8.90), and HCO3, in AECOPD 

(28.27±4.63), P = (< 0.0001, < 0.0001, 0.037), respectively. 

VC ml, FEV1%, FEV1/FVC%, and FEF25-57% were 

found to be significantly decreased in AECOPD group (table 

3) compared to those with stable COPD (p < 0.0001). The 

mean of CRP measurements was a significantly higher in 

AECOPD group (42.73±9.34) than stable COPD group 

(20.47±8.22), p < 0.0001. 

There was a significant decrease in the mean of total 

leukocytic count in stable COPD group (5.16±0.66) than 

AECOPD group (7.55±2.17), p < 0.0001. Patients with 

AECOPD had significantly increased the mean of neutrophil 

count (6.66±0.53) and neutrophil to lymphocyte ratio 

(5.36±1.46) when compared to stable group (the mean of 

neutrophil count (4.63±0.65), (the mean of NLR% 

(3.19±0.97), (p < 0.0001, < 0.0001) respectively. But the 

mean of lymphocyte count was significantly decreased in 

AECOPD (1.25± 0.27) group when compared with the stable 

group (1.56±0.44), P < 0.0001 (table 3, fig.1, fig. 2, fig. 3). 

The correlation coefficient study between CRP and 

neutrophil to lymphocyte ratio was shows a positive and 

significant correlation between them (r= 0.469, p= 0.0001) 

(table 4). There was a positive the correlation coefficient 

study between total CAT score and neutrophil to lymphocyte 

ratio was significant (r= 0.462, p= 0.0002) (table 4). Also, 

there were significant correlations between neutrophil to 

lymphocyte ratio and FEV1/FVC (r=0.234, p= 0.010) as 

shown in table 4, fig.5. However, the correlation between 

neutrophil to lymphocyte ratio and total CAT score was not 

significant (r= 0.0822, p= 0.5324) (table 4). 

Table 1.  Demographic data of 60 patients with AECOPD patients, 60 stable COPD patients, and 60 healthy controls 

Markers  
Stable Group 60 

patients 

AECOPD Group 60 

patients 

Control Group 60 

patients 

Age (years) Mean±SD 55.25±4.78 54.30±4.73 55.90±4.52 

Sex 
Male 

female 

35(58.33%) 

25(41.67%) 

29(48.33%) 

31(51.67%) 

30(50%) 

30(50%) 

Smoking status 
Smoker 

Non smoker 

20(33.33%) 

40(66.67%) 

26(43.33%) 

34(56.67%) 

28(64.67%) 

32(35.33%) 

Pack/year 
Median (IQR) 

Range 

37.5(10 – 100) 

4 – 135 

69(40 – 99) 

3 – 200 

19(10 – 40) 

2 – 159 

Type 2 Diabetes 

Mellitus 

Yes 

No 

11(18.33%) 

49(81.67%) 

22(36.67%) 

38(63.33%) 

0(0%) 

60(100%) 

Systemic 

hypertension 

Yes 

No 

11(18.33%) 

49(81.67%) 

9(15%) 

51(85%) 

0(0%) 

60(100%) 

Table 2.  The Comparative studies between 60 stable COPD group and 60 healthy control group as regarding total leukocytic count, neutrophil count, 
lymphocyte count, and neutrophil / lymphocyte ratio 

Markers  
Stable Group 

60 patients 

Control Group 

60 patients 

t 

test 
p-value Sig. 

Total leukocytic count (x109/L) 

Mean±SD 5.16±0.66 5.20±0.99 

0.260 = 0.795 NS Q1 4.8 5 

median 5.15 5 

Neutrophil count (x109/L) 

Mean±SD 4.63±0.65 2.93±0.51 

15.938 <0.0001 S Q1 4.1 2.8 

median 4.7 2.8 

Lymphocyte count (x109/L) 

Mean±SD 1.56±0.44 2.15±0.67 

5.702 <0.0001 S Q1 1.1 1.5 

median 1.5 2 

NLR% 

Mean±SD 3.19±0.97 1.55±0.73 

10.464 <0.0001 S Q1 2.09 1.7 

median 3. 23 1.33 

NLR: neutrophil to lymphocyte ratio. 
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Table 3.  Comparison between 60 stable COPD patients and 60 AECOPD patients according to mMRC dyspnea scale, blood gases, pulmonary function test, 
total CAT score, 6MWD%, total leukocytic count, neutrophil count, lymphocyte count, and NLR% 

Markers  Stable Group AECOPD Group t test p- value Sig. 

m MRC dyspnea 

scale 

0 — — — — — 

1 20(33.33%) — — — — 

2 25(41.67%) 11(18.33%) — — — 

3 15(25%) 40 (66.67%) — — — 

4 — 19 (31.67%) — — — 

Blood gases 

PH 7.38±0.02 7.39±0.04 1.732 = 0.085 NS 

Pco2, mmHg 39.47±2.76 48.82±8.39 8.191 < 0.0001 S 

Po2, mmHg 84.34±8.90 64.83±7.65 12.877 < 0.0001 S 

HCO3 28.27±4.63 25.89±7.44 2.104 0.037 S 

Pulmonary 

function test 

 

VC ml 69.73±23.59 42.73±9.34 8.243 < 0.0001 S 

FVC ml 69.58±26.50 56.93±15.5 3.192 = 0.0018 S 

FEV1% 58.71±27.20 40.20±5.29 5.174 < 0.0001 S 

FEV1/FVC% 75.68±13.17 59.05±16.64 8.734 < 0.0001 S 

FEF 25-75% 45.06±27.45 26.73±14.09 4.602 < 0.0001 S 

Total CAT score Mean±SD 11.73±10.69 12.65±10.85 -0.468 = 0.6407 NS 

6MWD (%) 

Before 93.80±1.22 96.60±1.33 -12.017 < 0.0001 S 

After 92.72±1.37 96.07±1.31 16.264 < 0.0001 S 

Distance 375.88±91.53 494.13±97.40 6.853 < 0.0001 S 

CRP mg/L Mean±SD 20.47±8.22 42.73±9.34 -13.858 < 0.0001 S 

Total leukocytic 

count (x109/L) 

Mean±SD 5.16±0.66 7.55±2.17 

8.162 < 0.0001 S Q1 4.8 6.2 

median 5.15 7.4 

Neutrophil count 

(x109/L) 

Mean±SD 4.63±0.65 6.66±0.53 

18.749 < 0.0001 S Q1 4.1 6.5 

median 4.7 6.75 

Lymphocyte 

count (x109/L) 

Mean±SD 1.56±0.44 1.25±0.27 

-4.651 < 0.0001 S Q1 1.1 1 

median 1.5 1.15 

NLR% 

Mean±SD 3.19±0.97 5.36±1.46 

9.589 < 0.0001 S Q1 2.09 4.58 

median 3. 23 5.26 

mMRC: modified Medical Research Council; CAT: COPD Assessment Test; Pco2: partial carbon dioxide pressure ; PO2: partial 

oxygen pressure; VC: vital capacity; FEV1/FVC: Forced expiratory volume in the first second/ forced vital capacity; FEF25-57%: 

forced expiratory flow; 6MWD: 6-minute walk test; CRP: C-reactive protein; NLR: neutrophil to lymphocyte ratio. 

Table 4.  The correlation coefficient study between Neutrophil to Lymphocyte ratio, CRP, 6MWD, Total CAT score, FEV1/FVC, FEV1, PCo2, and, PO2 in 
AECOPD group 

Parameters 
Neutrophil to Lymphocyte ratio 

r p- value Significant 

CRP 0.469 0.0001 S 

6MWD 

Before 0.088 0.353 NS 

After 0.087 0.358 NS 

Distance 0.066 0.487 NS 

Total CAT score 0.0822 0.5324 NS 

FEV1/FVC% 0.234 0.010 S 

FEV1% 0.390 0.000 S 

PCo2, mmHg 0.8866 <.0001 S 

PO2, mmHg -0.1079 0.4119 NS 

NLR: neutrophil to lymphocyte ratio; CRP: C-reactive protein; 6MWD: 6-minute walk test; CAT: COPD Assessment Test; 

FEV1/FVC: Forced expiratory volume in the first second/ forced vital capacity; Pco2: partial carbon dioxide pressure;         

PO2: partial oxygen pressure.  
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Figure 1.  Comparison the Mean of Neutrophil count in AECOPD group, Stable COPD group, and Healthy control group 

 

Figure 2.  Comparison the Mean of Lymphocyte count in AECOPD group, Stable COPD group, and Healthy control group 

 

Figure 3.  Comparison the Mean of Neutrophil to Lymphocyte Ratio in AECOPD group, Stable COPD group, and Healthy control group 
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Figure 4.  The correlation between Neutrophil to Lymphocyte ratio and Forced expiratory volume in the first second (FEV1%) 

 

Figure 5.  The correlation between Neutrophil to Lymphocyte ratio and Forced expiratory volume in the first second/ forced vital capacity (FEV1/FVC%) 

 

5. Discussion 

The acute exacerbation of COPD is the most important 

event in the clinical course of the disease that requires 

hospitalization and usually associated with an increased 

mortality rate. In previous studies, it has been established 

that the decline of lung functions in COPD has been linked to 

low-grade systemic inflammation besides the pulmonary 

inflammation. Additionally, there are many biomarkers can 

predict the presence of low-grade systemic inflammation as 

leucocytic count, acute phase proteins, and many other 

inflammatory markers [6]. Indeed, the reducing frequency of 

AECOPD is the goal of management of COPD. So we need 

an easily measurable, cheap and non-invasive chemical 
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biomarker to detect the acute exacerbation as early and for 

follow up the course of the COPD. 

In our study, we demonstrated a significant elevation in 

the mean (SD) of neutrophil to lymphocyte ratio in acute 

exacerbated COPD patient group when compared to stable 

COPD patient group. Taylan and his colleague 2017 [12] 

reported that the neutrophil to lymphocyte ratio was elevated 

in AECOPD. Aksoy and his colleague study 2018 [13] 

demonstrated that the neutrophil to lymphocyte ratio can be 

used to predict the severity of exacerbation of COPD. Also, 

Rahimirad et al., 2017 [14] found that the elevation of 

neutrophil to lymphocyte ratio was an independent 

prognostic biomarker for hospital mortality in AECOPD. In 

addition, other studies reported that the neutrophil to 

lymphocyte ratio was decreased in AECOPD patients after 

recovery of the exacerbation than before [12,15]. Likewise, 

we found a significant elevation of the mean (SD) of 

neutrophil to lymphocyte ratio in stable COPD patient group 

than healthy control group. This result was in agreement with 

In et al., 2016 study [16], who demonstrated that there was an 

increase in the neutrophil to lymphocyte ratio in a stable 

COPD group when compared with the healthy control group. 

Also, we found a significant elevation of circulating 

neutrophil count in AECOPD than stable COPD in contrast 

to circulating lymphocyte count which it has a significant 

reduction in AECOPD than stable COPD. A study by 

Jaroenpool et al 2016 [17] demonstrated a significantly 

increased of circulating neutrophil percentage with decrease 

of phagocytic functions in heavy smoker COPD patients in 

contrast to circulating lymphocyte percentage which 

decreased in COPD patients. 

In the current study, we found a significant elevation in the 

levels of circulating total leukocytic count, neutrophil count, 

and neutrophil to lymphocyte ratio, but significantly 

decreased of lymphocyte count in stable COPD patients than 

in the healthy control group. This result was in agreement 

with a study done by Günary et al 2014 [6]. Şahin et al 2019 

[18] recognized a lower circulating lymphocyte count in 

COPD patients with acute exacerbated than those in a stable 

stage or healthy control and in lower also in stable COPD 

patients than in healthy control. These result suggested that 

there is an ongoing mild degree in stable COPD patients. 

In this study we found the neutrophil to lymphocyte ratio 

was significant correlated with CRP in AECOPD patients. 

This result in agreement with In et al., 2016 [16], and Farah 

et al. 2017 [19] studies, they reported a significant positive 

correlation between neutrophil to lymphocyte ratio and CRP. 

We found a slight elevation of total CAT score but not 

significant in AECOPD group of patients when compared to 

the stable COPD group of patients. Previous studies have 

found that the CAT score worsen with the COPD severity 

and was correlated with the disease progression [20]. 

Hence, our results suggested that the neutrophil to 

lymphocyte ratio was increased when the severity of COPD 

was progressed. A similar finding was reported by Yousef 

and Alkhiary study 2017 [21] who found that neutrophil to 

lymphocyte ratio was elevated with the severity of COPD. A 

previous study also showed that the neutrophil to 

lymphocyte ratio increased with the severity of airflow 

obstruction and emphysematous change, suggesting that the 

neutrophil to lymphocyte ratio may reflect the extent of 

airflow obstruction [22-24]. 

In our study, there was a significant inversely correlation 

between neutrophil to lymphocyte ratio and airflow 

limitation expressed by FEV1, and FEV1/FVC. Our result 

was similar to the finding of Lee et al. study 2016 [25] and 

Furutate et al. study 2016 [22] they found that the neutrophil 

to lymphocyte ratio was a significant inversely correlated 

with FEV1%. Also, Karatas et al. 2019 [26] showed the same 

result which found a negative correlation between neutrophil 

to lymphocyte ratio and FEV1. Furthermore, another study 

reported that the circulating neutrophil count was inversely 

correlated with FEV1% [27]. In contrast, a study found that 

the neutrophil to lymphocyte ratio was not correlated with 

FEV1. However, there was a significant correlation between 

neutrophil to lymphocyte ratio and mMRC, and also between 

neutrophil to lymphocyte ratio and 6MWT [25]. Rhee et al. 

2018 [28] found the circulating neutrophil count was not 

correlated with FEV1% or the severity of asthma. 

Based upon the previous results, the neutrophil to 

lymphocyte ratio is superior to circulating neutrophil count 

alone or circulating lymphocyte count alone for the 

assessment of the severity of COPD [18]. 

6. Conclusions 

The neutrophil to lymphocyte ratio can be used as a 

follow-up inflammatory marker for acute exacerbation of 

COPD patient and also to assess the progression and the 

severity of the disease. Particularly, it is an easily done and 

cheap inflammatory marker. 
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