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A b s t r a c t

Introduction: Blood cells are involved in systemic inflammation in chronic 
obstructive pulmonary disease (COPD). We aimed to assess differences in 
leukocyte subsets and their ratios between COPD patients and healthy indi
viduals as well as their association with disease severity, smoking status 
and therapy in COPD.
Material and methods: One hundred and nine patients in the stable phase 
of  COPD and 95 controls participated in the  study. After blood sampling, 
white blood cells (WBC), neutrophils (NEUTRO), monocytes (MO), lympho-
cytes (LY) and basophils (BA) were determined on a Sysmex XN-1000 analy-
ser, and ratios were calculated afterwards.
Results: White blood cells, NEUTRO, MO and BA were higher in COPD pa-
tients than in controls. Also, COPD patients had increased neutrophil to 
lymphocyte ratio (NLR), derived NLR (dNLR), monocyte to lymphocyte ra-
tio (MLR), basophil to lymphocyte ratio (BLR), basophil to monocyte ratio 
(BMR) and monocyte/granulocyte to lymphocyte ratio (M/GLR). Smoking 
has an impact on leukocyte counts, with BA, BLR and BMR being higher in 
COPD smokers vs. ex-smokers. Patients with very severe COPD were distin-
guished from moderate COPD by NLR, dNLR and M/GLR. In addition, those 
parameters were associated with lung function and dyspnoea, and NLR and 
dNLR also with multicomponent COPD indices BODCAT and DOSE. Great po-
tential of dNLR, NLR and M/GLR in identifying COPD patients was observed 
regarding their odds ratios (OR) of 5.07, 2.86, 2.60, respectively (p < 0.001). 
Common COPD therapy did not affect any of the parameters investigated.
Conclusions: Leukocyte subsets and their ratios could be implemented in 
COPD assessment, especially in evaluating disease severity and prediction.

Key words: chronic obstructive pulmonary disease, leukocytes, neutrophil 
to lymphocyte ratio, smoking.

Introduction

Chronic obstructive pulmonary disease (COPD) is a complex and hete
rogeneous syndrome that is often misdiagnosed, since there are many 
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different coexisting mechanisms underlying its 
pathogenesis [1]. Nowadays, COPD diagnosis is 
confirmed by the  presence of  airflow limitation, 
while main contributors for disease development 
are tobacco smoking as well as biomass fuel ex-
posure, air pollution and genetic factors [2]. Ciga-
rette smoke causes oxidative stress and therefore 
contributes to the COPD inflammation and its pro-
gression [3]. Moreover, it was also reported that 
the level of oxidative stress remains high even in 
former smokers [4]. Although COPD inflammatory 
responses are localized to peripheral airways and 
lung parenchyma, systemic inflammation was ob-
served in some patients as well, and it was associ-
ated with disease progression [5]. 

Many studies have investigated differences be-
tween COPD patients and healthy subjects in white 
blood cell (WBC) count and specific types of leuko-
cytes, such as neutrophils (NEUTRO), lymphocytes 
(LY), monocytes (MO), eosinophils (EO) and basophils 
(BA). Moreover, it was suggested that ratios of blood 
cell types could minimize variations associated with 
measurement, sample handling and therapies, and 
yield more accurate diagnostic performances over 
blood cell counts [6, 7]. Therefore, neutrophil to lym-
phocyte ratio (NLR), derived NLR (dNLR), monocyte 
to lymphocyte ratio (MLR), basophil to lymphocyte 
ratio (BLR) and monocyte/granulocyte to lympho-
cyte ratio (M/GLR) are some of the ratios recognized 
as potential markers of  inflammation. Neutrophil 
to lymphocyte ratio had already been investigat-
ed in many inflammatory diseases, predominant-
ly in malignant diseases [8–13] and in compliance 
with smoking status [14]. It was also recognized as 
a useful marker for the assessment of FEV1-based 
COPD severity [15, 16]. Moreover, it was observed 
that symptoms and quality of life deteriorated with 
the increase of NLR [17]. Neutrophil to lymphocyte 
ratio had also successfully predicted the  mortal-
ity of  patients with COPD exacerbations [18–22].  
However, only two groups of researchers evaluated 
an  association between NLR and clinically useful 
modified Medical Research Council (mMRC) dys-
pnoea score or COPD multicomponent BODE index 
[23, 24]. On the other hand, derived NLR (dNLR) is 
a modification of NLR [9], and it had also been pre-
dominantly investigated in cancers and lymphoma 
[10, 25–27]. Only one paper reported about dNLR in 
COPD and showed its association with in-hospital 
mortality after exacerbations [28]. 

Besides dNLR, another modified NLR parameter is 
M/GLR [27], and potential roles of dNLR and M/GLR 
in stable COPD have not been investigated so far. 
Concerning other blood cell ratios, MLR was shown 
to be a good predictor in different malignant dis-
eases [18, 29, 30] as well as a useful inflammatory 
marker for tuberculosis and autoimmune diseas-
es [31], while there are no statistically significant 

data about its role in COPD [28]. Regarding the role 
of basophils, they might be involved in an increase 
of  interleukin (IL)-4 that causes differentiation 
of monocytes to macrophages, which then lead to 
the destruction of alveolar walls and emphysema 
[32]. The relation of basophils to smoking and FEV1 
in COPD patients was observed [33], yet there are 
no data about basophil-related ratios associated 
with smoking history and COPD. 

Although there are many different studies in-
vestigating blood cells as potential biomarkers in 
a wide variety of diseases, many things still need 
to be clarified for the  better treatment of  COPD 
patients. Current Global Initiative for Chronic Ob-
structive Pulmonary Disease (GOLD) recommen-
dations about COPD therapy include short-acting 
β

2-agonists (SABAs) or short-acting muscarinic an-
tagonists (SAMAs), long-acting β

2-agonists (LABAs) 
and long-acting muscarinic antagonists (LAMAs) 
that improve lung function, or inhaled cortico-
steroids (ICS) that are often combined with long- 
acting bronchodilators. To the best of our knowl-
edge, data regarding the  impact of various bron-
chodilators alone or in combination with ICS on 
leukocyte subpopulations are lacking in COPD.

This study aimed to assess differences in WBC, 
NEUTRO, LY, MO and BA as well as in ratios of var-
ious leukocyte subtypes (NLR, dNLR, M/GLR, NMR, 
MLR, BNR, BLR and BMR) between stable COPD 
patients and healthy individuals, especially since 
there are data only about NLR in stable COPD. As 
no one had compared NLR, dNLR and M/GLR in 
COPD, we wanted to investigate whether there are 
any differences between them when concerning 
FEV

1-based disease progression, symptoms sever-
ity and association with lung function, dyspnoea 
or the multicomponent COPD indices BODCAT and 
DOSE. Moreover, we wanted to evaluate the poten-
tial of  leukocyte subsets and their various ratios 
in COPD prediction. Finally, we explored the effects 
of  therapy regimes on leukocyte parameters, as 
this information is lacking for COPD.

Material and methods

Participants

There were 204 participants included in the 
cross-sectional, case-control study. One hundred 
and nine of them were COPD patients and 95 of 
them were age- and sex-matched healthy subjects. 
All participants agreed to volunteer and signed 
informed consent for the  scientific research that 
they took part in. 

The study was approved by the Ethical Commit-
tee of  University Hospital Centre Zagreb (Zagreb, 
Croatia) and by the Ethical Committee for Exper-
imentation of  the  Faculty of Pharmacy and Bio-
chemistry, University of Zagreb (Zagreb, Croatia).
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Participants were recruited during 2017 and 
2018 at the Clinical Department for Lung Diseas-
es Jordanovac, University Hospital Centre Zagreb 
according to the detailed inclusion and exclusion 
criteria. COPD diagnosis was confirmed by a pul-
monology specialist based on anamnesis and 
clinical examination, current symptoms, and spi-
rometry during the recruitment, while health sta-
tus of the control group was established based on 
anamnesis and spirometry analysis. All COPD pa-
tients were in a stable phase of the disease with no 
exacerbations during the  last 3 months, without 
any changes in therapy regime and without infec-
tions in the  lower respiratory tract. GOLD recom-
mendations [2] suggest that patients with FEV

1/
FVC < 0.70 should be subdivided into stages as fol-
lows: patients with FEV

1 ≥ 80% as GOLD 1 (n = 0),  
with 50% ≤ FEV

1  <  80% as GOLD 2 (n  =  39),  
30% ≤ FEV

1  <  50% as GOLD 3 (n  =  36), and 
FEV

1 < 30% as GOLD 4 (n = 34). Moreover, COPD pa-
tients were grouped based on symptoms severity 
and exacerbation history in GOLD (GOLD A, n = 14; 
GOLD B, n = 63; GOLD C, n = 0; GOLD D, n = 32) 
groups based on the  score of  the  COPD Assess-
ment Test (CAT) that was used for the symptoms 
assessment. Participants from both groups had to 
be older than 40 years, could not have any lung 
diseases (except COPD for COPD patients), could 
not have any inflammatory diseases, manifest car-
diovascular diseases, acute infections, diabetes 
with severe complications, severe liver diseases, 
severe kidney insufficiencies, malignant diseases, 
transplantations and other specific or non-specific 
ongoing inflammation. In addition, self-reported 
data about smoking status were collected from 
both groups. According to smoking history, controls 
were subdivided into healthy non-smokers (n = 48) 
and healthy smokers (n = 47), while COPD patients 
were subdivided into COPD non-smokers (n = 5), 
COPD former smokers (n = 75) and COPD smok-
ers (n  =  29). Chronic obstructive pulmonary dis-
ease patients who quit smoking at least 6 months 
before recruitment to the  study were considered 
former smokers. The mMRC Dyspnoea Scale and 
CAT questionnaires were completed by COPD pa-
tients. Additionally, data about body mass index 
(BMI) and number of exacerbations in the previous 
year were collected. BODCAT and DOSE were cal-
culated. BODCAT is a multicomponent COPD index 
that consists of BMI, airflow obstruction, dyspnoea 
and CAT score, while DOSE consists of dyspnoea, 
airflow obstruction, smoking status and number 
of exacerbations in the previous year [34]. 

Measurement of inflammatory markers

Samples from all participants were collected be-
tween 7 and 9 a.m. into the tubes by venepuncture 
of a large antecubital vein after overnight fasting, 

as recommended. The  venepuncture procedure 
and order of  blood sampling and handling were 
performed according to the  national recommen-
dations for venous blood sampling [35]. Complete 
blood count (CBC) was performed from the sample 
in the EDTA tube within 0.5 h from blood sampling. 
A  sample in the  tube with clot activator and gel 
separator for serum CRP determination was cen-
trifuged at 2000 × g for 10 min, while a sample in 
the  tube with sodium citrate for plasma Fbg de-
termination was centrifuged twice at 1500 × g for  
15 min, as recommended by national recommenda-
tions [36]. Afterwards, C-reactive protein (CRP) and 
fibrinogen (Fbg) were measured on a Cobas c501 
analyser (Roche Diagnostics GmbH, Mannheim, 
Germany) and BCS XP analyser (Siemens Health-
care Diagnostics, Marburg, Germany), respectively. 
White blood cell, LY, NEUTRO, MO and BA counts 
were performed on a  Sysmex XN-1000 analyser 
(Sysmex Corporation, Kobe, Japan) as a part of CBC. 
All the  ratios were calculated by dividing counts 
of two types of cells, while dNLR was calculated by 
the formula dNLR = NEUTRO/(WBC – NEUTRO) [9]  
and M/GLR was calculated by the  formula  
M/GLR = (WBC – LY)/LY [27].

Spirometry

Spirometry was used as a method of diagnos-
ing the airflow limitation. It was performed on 
a Master-Screen Pneumo spirometer (Jaeger, Ger-
many), according to the recommendations of the 
European Respiratory Society and American Tho-
racic Society. After three acceptable spirograms, 
airflow obstruction was confirmed in case of the 
ratio FEV1/FVC < 0.70. The protocol was performed 
as described before [37]. 

Therapy

Therapy data were collected from COPD pa-
tients. GOLD recommendations [2] about the ther-
apy regimes were followed when COPD patients 
were subgrouped according to their treatment. 

Statistical analysis

The Kolmogorov-Smirnov test was used for nor-
mal distribution testing. All data were non-para-
metric, so they were presented as median with 
interquartile range, while only age was present-
ed as median with minimum and maximum.  
The c2 test was used for comparison of males and 
females. Differences between controls and COPD 
patients were tested by the  Mann-Whitney rank 
sum test, while the Kruskal-Wallis one way anal-
ysis of variance on rank test was used in the case 
of  comparison between three or more groups 
of  participants. Correlations were evaluated by 
the Spearman rank order test and obtained results 
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were shown with the correlation coefficient (r) and 
p-value. Moreover, univariate logistic regression 
analysis was performed for evaluation of  COPD 
predictors. Data were considered statistically sig-
nificant if p  <  0.05. Statistical analysis was per-
formed by MedCalc statistical software, version 
17.9.2. (MedCalc Software, Ostend, Belgium).

Results

Leukocyte subset counts and their ratios 
are altered in patients with stable chronic 
obstructive pulmonary disease

Basic characteristics, spirometry and common in-
flammatory parameters of all participants are shown 

Table I. Basic characteristics, spirometry and common inflammatory markers of all participants included in the study

Parameter Controls (n = 95) COPD (n = 109) P-value

Age [years] 64 (46–83) 65 (45–87) 0.069

Sex, n:

Male 49 69 0.121

Female 46 40

BMI [kg/m2] 27.2 (24.6–29.1) 25.5 (22.4–28.9) 0.012

FEV1 [l] 2.60 (2.12–3.19) 1.08 (0.69–1.60) < 0.001

FEV1 pred. (%) 93.3 (86.4–104.2) 40.8 (27.9–61.7) < 0.001

FVC [l] 3.35 (2.77–4.16) 2.28 (1.74–2.77) < 0.001

FEV1/FVC (%) 80.6 (76.8–87.6) 51.3 (40.7–58.7) < 0.001

CRP [mg/l] 1.47 (0.74–2.78) 2.34 (1.15–5.67) < 0.001

Fbg [g/l] 3.5 (3.1–3.8) 3.8 (3.4–4.5) < 0.001

Age is shown as median with minimum and maximum, and participants of each sex are shown as absolute numbers, while other data 
are shown as median with interquartile range. Comparison of males and females was performed by c2 test, while other data were tested 
by Mann-Whitney rank sum test. Data were considered statistically significant when p < 0.05. n – number, COPD – chronic obstructive 
pulmonary disease, BMI – body mass index, FEV

1
 – forced expiratory volume in 1 s, FVC – forced vital capacity, CRP – C-reactive protein, 

Fbg – fibrinogen.

Table II. Leukocyte subsets and their ratios in control group and chronic obstructive pulmonary disease (COPD) 
patients

Parameter Controls (n = 95) COPD (n = 109) P-value

WBC [× 109/l] 6.14 (5.14–7.42) 7.57 (6.55–8.95) < 0.001

NEUTRO [× 109/l] 3.47 (2.78–4.40) 4.66 (3.72–5.78) < 0.001

LY [× 109/l] 1.93 (1.64–2.40) 1.92 (1.50–2.32) 0.243

MO [× 109/l] 0.51 (0.42–0.65) 0.65 (0.55–0.82) < 0.001

BA [× 109/l] 0.030 (0.020–0.040) 0.040 (0.030–0.060) < 0.001

NLR 1.76 (1.36–2.21) 2.47 (1.88–3.32) < 0.001

dNLR 1.30 (1.01–1.48) 1.63 (1.27–2.12) < 0.001

M/GLR 2.11 (1.73–1.63) 3.05 (2.31–3.90) < 0.001

NMR 6.69 (5.39–7.80) 6.98 (5.71–8.63) 0.133

MLR 0.26 (0.22–0.32) 0.35 (0.28–0.46) < 0.001

BNR 0.008 (0.005–0.012) 0.009 (0.007–0.013) 0.078

BLR 0.013 (0.009–0.022) 0.023 (0.017–0.032) < 0.001

BMR 0.052 (0.035–0.076) 0.067 (0.046–0.093) 0.004

Data are shown as median with interquartile range and tested by Mann-Whitney rank sum test. Results were statistically significant 
when p < 0.05. WBC – white blood cells, NEUTRO – neutrophil count, LY – lymphocyte count, MO – monocyte count, BA – basophil count,  
NLR – neutrophil to lymphocyte ratio, dNLR – derived neutrophil to lymphocyte ratio, M/GLR – monocyte/granulocyte to lymphocyte 
ratio, NMR – neutrophil to monocyte ratio, MLR – monocyte to lymphocyte ratio, BNR – basophil to neutrophil ratio, BLR – basophil to 
lymphocyte ratio, BMR – basophil to monocyte ratio.



Iva Hlapčić, Andrea Vukić Dugac, Sanja Popović-Grle, Ivona Markelić, Ivana Rako, Dunja Rogić, Lada Rumora

676� Arch Med Sci 3, 1st May / 2022

in Table I. Chronic obstructive pulmonary disease pa-
tients and healthy subjects had similar age and sex 
distribution. As expected, lung function parameters 
were lower in COPD. In addition, systemic inflam-
mation was present in COPD individuals, as verified 
by increased serum CRP and Fbg concentrations 
(p < 0.001). Table II shows the number of total circu-
lating leukocytes and their subsets as well as their 
ratios in healthy and COPD individuals. White blood 
cells (p < 0.001), NEUTRO, MO and BA (p < 0.001) 
were higher in COPD patients than in the  control 
group. Among calculated ratios, NLR (p  <  0.001), 
dNLR (p < 0.001), M/GLR (p < 0.001), MLR (p < 0.001), 
BLR (p < 0.001) and BMR (p = 0.004) were increased. 
Other investigated parameters did not show any sta-
tistical significance (p > 0.05). 

Smoking effects on leukocyte-related 
parameters

We investigated the differences in leukocyte- re-
lated parameters in participants according to their 
smoking status (Table III). White blood cells were 
higher in healthy smokers than in healthy non-smok-
ers as well as in COPD former smokers and COPD 
smokers in comparison to both healthy non-smok-
ers and healthy smokers. There was no difference 
between healthy controls and COPD non-smokers. 
Moreover, NEUTRO was elevated in every COPD 
group when compared to healthy non-smokers, but 
COPD non-smokers were not significantly different 
in comparison to healthy smokers. Monocytes were 
elevated in both current smoking groups (healthy 
and COPD) as well as in COPD former smokers in 
comparison to healthy non-smokers, yet healthy 
smokers did not differ in comparison to COPD 
non-smokers. In addition, BA was elevated in COPD 
former smokers and COPD smokers when compared 
to healthy non-smokers and healthy smokers. Ba-
sophils, BLR and BMR were also increased in COPD 
smokers in comparison to COPD former smokers, 
while only BA showed a  significant difference be-
tween COPD non-smokers and COPD smokers. Re-
garding other leukocyte parameters and ratios, we 
did not obtain any significant results when compar-
ing healthy and COPD participants according to their 
smoking history (data not shown). 

Chronic obstructive pulmonary disease 
severity affects neutrophil to lymphocyte 
ratio, derived neutrophil to lymphocyte 
ratio and monocyte/granulocyte to 
lymphocyte ratio in chronic obstructive 
pulmonary disease patients

Differences in NLR, dNLR and M/GLR were ob-
tained in COPD patients according to the  grade 
of  airflow obstruction as well as symptoms se-
verity and exacerbation history (Figure 1). Ratios 
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Figure 1. Neutrophil to lymphocyte ratio (NLR) (A), derived neutrophil to lymphocyte ratio (dNLR) (B) and mono-
cyte/granulocyte to lymphocyte ratio (M/GLR) (C) in chronic obstructive pulmonary disease patients regarding GOLD 
1–4 classification according to airflow obstruction severity and ABCD assessment based on symptoms severity and 
exacerbation history. *Statistically significant in comparison to controls. **Statistically significant in comparison to 
GOLD 2. All data are presented as median with interquartile range. Differences between GOLD 2–4 and GOLD A–D in 
comparison to control group were tested by Kruskal-Wallis one way analysis of variance on ranks. Data are considered 
statistically significant if p < 0.05, and post-hoc analysis was performed. Number of participants in each group was 
as follows: n (control) = 95; n (GOLD 2) = 39; n (GOLD 3) = 36; n (GOLD 4) = 34; n (GOLD A) = 14; n (GOLD B) = 63;  
n (GOLD D) = 32

Control GOLD 2 GOLD 3 GOLD 4 Control GOLD A GOLD B GOLD D

were higher in each FEV1-based (GOLD 2–4) stage 
in comparison to controls as well as in GOLD 4 in 
comparison to GOLD 2 stage (p < 0.05). In addi-
tion, dNLR was found to be increased in patients 
within GOLD B and GOLD D groups, while NLR and 
M/GLR were higher in each symptoms/exacerba-
tion-based (GOLD A–D) group than in the healthy 
group of participants. 

Association of inflammatory parameters 
with lung function, dyspnoea  
and multicomponent chronic obstructive 
pulmonary disease indices

Results of  Spearman’s rank correlation test 
showed no correlations between well-established  
inflammatory parameters (CRP and Fbg) and COPD- 
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relevant parameters such as FEV1/FVC, BODCAT, 
DOSE and mMRC (data not shown). However, 
NLR, dNLR, M/GLR, and MLR were found to be sig-
nificantly correlated with FEV

1/FVC (r  =  –0.335, 
p  <  0.001; r  =  –0.316, p  <  0.001; r  =  –0.342, 
p  <  0.001; r  =  –0.294, p  =  0.002, respectively), 
while NLR, dNLR and M/GLR also correlated with 
mMRC (r = 0.295, p = 0.002; r = 0.276, p = 0.004 
and r  =  0.291, p  =  0.002, respectively). Finally, 
NLR and dNLR correlated with BODCAT (r = 0.251, 
p = 0.008; r = 0.250, p = 0.009, respectively) and 
DOSE (r = 0.260, p = 0.006; r = 0.257, p = 0.007, 
respectively). 

Diagnostic value of inflammatory 
parameters

Univariate logistic regression analysis showed that  
among inflammatory parameters examined, dNLR 
had the highest OR of 5.07, while OR of NLR was 2.86 
and OR of M/GLR was 2.60 (p < 0.001) (Table IV).

Differences in leukocyte subsets and ratios 
according to common therapy

Leukocyte-related parameters were also inves-
tigated in COPD patients subdivided according to 
their chronic inhalation therapy in four groups. 
They were taking bronchodilators only or in com-
bination with ICS. Still, no statistically significant 
differences were found between the  treatment 
groups (data not shown).

Discussion 

In this study, certain leukocyte subsets  
(NEUTRO, MO, BA) and their ratios (NLR, dNLR, 
MLR, BLR, BMR, M/GLR) were higher in COPD pa-
tients than in age- and sex-matched healthy sub-
jects, and some of them were associated with dis-
ease severity and smoking history. 

Regarding cigarette smoke as being one 
of  the  COPD developmental contributors, it was 
reported that WBC, NEUTRO, LY, MO and BA might 
be increased in healthy smokers, but their num-
bers normalize after 5 years of  smoking cessa-
tion [38, 39]. On the other hand, despite smoking 
cessation, there is ongoing inflammation in lung 
tissue in COPD patients due to the  production 
of cytokines [40]. However, those effects are not 
necessarily restricted to the pulmonary compart-
ment, and concomitant inflammatory responses 
in the extrapulmonary, i.e. systemic, compartment 
might be present in COPD patients as well. Gumus 
et al. found an  increase in NLR due to smoking 
[38] and it was observed that NLR may be elevat-
ed in patients with more severe COPD in com-
parison to early stages of  the  disease [41, 42].  
Our study also suggested some alterations of leu-
kocyte-related parameters regarding smoking 
in the  healthy population and COPD. Increased  
NEUTRO and MO were observed in healthy smok-
ers compared to healthy non-smokers, suggest-
ing that those leukocyte subtypes are the  most 
affected by smoking. Interestingly, there were no 
differences in NEUTRO and MO between healthy 
smokers and COPD non-smokers, which may be 
due to a  common underlying mechanism, i.e. 
smoke-derived oxidants trigger redox imbalance 
leading to oxidative stress, a condition that is also 
a  part of  COPD pathogenesis. Still, the  number 
of COPD non-smokers was too low to test this as-
sumption. Evaluation of BA, BLR and BMR in our 
study showed significantly higher values in COPD 
smokers in comparison to COPD former smokers. 
To the best of our knowledge, our study is the first 
presenting basophil-related parameters in accor-
dance with smoking and/or COPD.

Due to the  inflammation, the presence of  in-
flammatory cells in the  airways is broadly re-
flected by increased numbers of  the  same cells 
in peripheral blood. It was reported that airway 
obstruction and even a  rapid decline in lung 
function were associated with increased number 
of  neutrophils in sputum [43]. Therefore, since 
there is a correlation between sputum and blood 
neutrophils, COPD inflammation was also char-
acterized by an increased number of neutrophils 
in peripheral circulation, and this was associat-
ed with COPD progression [44]. Peripheral blood 
monocytes are the  precursors of  tissue macro-
phages, which are implicated in the pathogene-
sis of COPD together with neutrophils. Similar to 
neutrophils, it was shown that monocytes were 
related to the COPD symptoms and reduced FEV1 
[33]. In our study, when neutrophils and mono-
cytes were combined in relevant ratios, NLR, 
dNLR, M/GLR and MLR were elevated in patients 
with COPD. dNLR and M/GLR were established 

Table IV. Univariate logistic regression analysis of 
inflammatory parameters

Parameter OR 95% CI P-value

CRP 1.24 1.09 – 1.41 0.001

Fbg 2.56 1.65 – 3.95 < 0.001

WBC 1.48 1.25 – 1.76 < 0.001

NEUTRO 1.93 1.50 – 2.47 < 0.001

NLR 2.86 1.89 – 4.34 < 0.001

dNLR 5.07 2.56 – 10.02 < 0.001

M/GLR 2.60 1.80 – 3.76 < 0.001

OR – odds ratio, CI – confidence interval, CRP – C-reactive protein, 
Fbg – fibrinogen, WBC – white blood cells, NEUTRO – neutrophil 
count, NLR – neutrophil to lymphocyte ratio, dNLR – derived 
neutrophil to lymphocyte ratio, M/GLR – monocyte/granulocyte to 
lymphocyte ratio.
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as modified NLR parameters and we aimed to 
assess their performances in stable COPD due 
to the  already known role of  NLR in inflam-
mation [16]. In a  recent review paper, Pascual- 
Gonzalez et al. stated that there are conflicting 
results about the  role of NLR in FEV1-based dis-
ease severity since some of the authors did not 
manage to show the  relationship between NLR 
and GOLD stages, while only one study showed 
differences in NLR throughout GOLD stages in 
stable COPD patients [40]. However, we showed 
that NLR, dNLR and M/GLR successfully distin-
guished very severe COPD (GOLD 4) from mod-
erate disease stage (GOLD 2). On the other hand, 
regarding symptoms severity, dNLR was similar in 
the control group and COPD group with less se-
vere symptoms (GOLD A), while NLR and M/GLR 
were already increased in GOLD A  compared to 
healthy individuals. To the best of our knowledge, 
dNLR and M/GLR were not associated with COPD 
severity and were not compared to NLR in COPD 
before. Lee et al. and Furutate et al. showed posi
tive associations of  NLR with mMRC and BODE 
index [23, 24]. Similar findings were reported in 
our study regarding the  association of  NLR and 
dNLR with lung function, dyspnoea, BODCAT and 
DOSE as well as the  association of  M/GLR with 
lung function and dyspnoea in COPD patients. In 
addition, all aforementioned parameters suggest-
ed a potential predictive role in COPD. Data about 
parameters associated with airflow obstruction 
and symptoms severity might help in disease 
assessment and improvement of the therapy ap-
proach. In their large review of clinical outcomes 
in COPD Paliogiannis et al. suggested that evalu-
ation of COPD therapies is lacking [28]. Therefore, 
we assessed a possible therapy-related alteration 
in leukocyte subsets and their calculated ratios. 
However, bronchodilators alone or in combina-
tion with ICS did not cause significant changes in 
those parameters. Thus, it seems that leukocytes 
are not significantly affected by common COPD 
therapy. Nevertheless, further studies should be 
encouraged with a  larger number of  COPD pa-
tients subdivided into specific therapy groups. 

Although we presented some novel and intere
sting results, especially those related to disease 
severity, therapy regimes and comparison of NLR, 
dNLR and M/GLR, our study has some limitations. 
It is a cross-sectional and case-control study, and it 
did not encompass COPD patients of GOLD 1 stage 
or those in the GOLD C group. Therefore, it would 
be useful to assess the parameters from our study 
in the early stage of the disease and clarify wheth-
er they might differ from the  healthy population.  
In addition, a  larger number of  all participants 
should be considered in the further studies, espe-
cially considering participants in groups regarding 

different classification criteria as well as multi- 
centre design of the studies.

In conclusion, many common parameters as-
sessed from peripheral blood in a daily laboratory 
routine have a potential in COPD assessment due 
to their fast and easy determination, availability 
and already existing well-established methods. 
Among those are leukocyte subsets and their 
ratios, and we confirmed their role in ongoing 
systemic inflammation in COPD. In addition, we 
found that increased numbers of  neutrophils, 
monocytes and basophils in COPD patients could 
be only partly explained by smoking, while COPD 
underlying pathophysiological mechanisms often 
include oxidative stress as well. NLR, dNLR and 
M/GLR were associated with COPD severity and 
distinguished very severe COPD patients from 
the  moderate stage of  the  disease. They also 
showed a similar association with lung function 
and dyspnoea. Still, there were some differenc-
es in their associations with symptoms severity 
and exacerbation history (ABCD classification) as 
well as with multicomponent BODCAT and DOSE 
indices. Finally, NLR, dNLR and M/GLR were found 
to be associated with COPD, and could have a po-
tential in identifying COPD patients, with dNLR 
having the highest OR of 5.07. Therefore, we be-
lieve that NLR, dNLR and/or M/GLR might become 
simple but helpful ancillary parameters in the as-
sessment of COPD and some other inflammatory 
diseases.
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