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Abstract

AIM
Human neutrophil gelatinase-associated lipocalin (NGAL) is a protein considered as a noninvasive
prognostic biomarker in Asthma-COPD overlap syndrome (ACO). In this study we aimed to show the
usability of NGAL as a biomarker in ACO characterized with airway in�ammation.

MATERIAL-METHOD:
Three patient groups (Group I: COPD, n: 50, Group II: Asthma, n:50, Group III: ACO, n:50) and a healhty non
smoker group (Group IV, n:50) are taken into study. The serum NGAL levels of groups are compared. In
addition, in Group I,II,III the level of serum NGAL is compared with the age, duration of smoking
(pocket/year), number of attack per year, respiratory function values, serum C reaktive protein (CRP,
mg/dL), serum IgE (IU/mL), serum neutrophil (%) and serum lymphocyte (%), blood neutrophil-to-
lymphocyte rate and atopy.

FINDINGS:
In patients having ACO when the maximum level of serum exist, it is observed that serum NGAL level is
increased as the number of attacks is increased (p = 0.002). On the other hand in the patients having ACO
there was also positive correlation between NLR and serum NGAL level (p < 0.05). There was no other
relation found among the other variables.

CONCULISION:
In the chronic in�amatuar lung diseases the �ndings of increase in serum NGAL levels while the severity
of the disease suggest us serum NGAL levels might be used as a biomarker for evaluating the
in�ammation.

Introduction
Asthma is a heteregenous chronic airway diseases which leads to reversible air�ow obstruction based on
innate and adaptive immune responses. Heterogenity of asthma is due to genetic and environmental
reasons, chronic aiway diseases affecting 1–18% of the population (1). In the majority of patients are
underlying atopy. In�ammatory cell-derived mediators cause increased vascular permeability, mucosal
edema, bronchial smooth muscle hypertrophy and subepithelial �brosis (2–6). Chronic obstructive
pulmonary disease (COPD); It is a disease characterized by progressive air�ow restriction that is not fully
reversible. This disease develops as a result of an in�ammatory process against harmful gases and
particles, especially cigarette smoke. In�ammation is not only limited to the lungs, but also shows
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systemic features (7). COPD, which is a preventable and treatable disease, progresses with exacerbations
that increase in severity and frequency. Chronic airway obstruction in COPD develops due to narrowing of
small airways and parenchymal destruction. Chronic in�ammation causes structural changes in the
small airways. This in�ammatory process and parenchymal destruction lead to loss of alveoli and a
decrease in the elastic return pressure of the lungs (8). Asthma-COPD overlap (ACO) refers to a group of
poorly studied and characterised patients reporting with disease presentations of both asthma and COPD,
thereby making both diagnosis and treatment challenging for the clinicians (9–11). ACO can be de�ned
as symptoms accompanying increased airway sensitivity, reversible airway obstruction and persistent
air�ow restriction. While at present there is no general consensus on de�nition or de�ning features for
this subgroup of patients, there is broad agreement that they experience frequent exacerbations (12). The
prevalence of ACO is 15–55% in the population (13). They exhibit a higher burden in terms of both
mortality and morbidity in comparison to patients with only asthma or COPD. The pathophysiology of the
disease and its existence as a unique disease entity remains unclear (11).

Neutrophil Gelatinase-associated Lipocalin (NGAL), also known as neutrophil glucosaminidase-
associated lipocalin, is a 178 amino acid, 25 kDa protein synthesized in neutrophils and epithelial cells
(14). Gene expression has been demonstrated in the uterus, prostate, salivary glands, lung, trachea,
stomach, colon and kidney (15, 16). Neutrophil gelatinase-related lipocalin production increases in
humans in response to ACO and can be detected in serum at a very early stage.

In recent years, in studies conducted in ACO patients, there are limited numbers of publications about the
high serum lipocalin levels associated with human neutrophil gelatinosis and that it is associated with
the severity of the disease. This study was planned considering that there is a limited amount of literature
information in association with NGAL and asthma, COPD and ACO and it should be supported by new
studies on this subject.

Materials And Methods

Patients
Hundred and sixty patients aged 18 to 65 years who were diagnosed with ACO, COPD and asthma
according to the GOLD, GINA 2019 criteria between May 2016 and December 2020, which was done at
the Diskapı Yildirim Beyazit Trainig and Research Hospital Chest Diseases Clinic, Ankara Turkey. However,
the full article has not previously been published. Three patient groups (Group I: COPD, n: 40, Group II:
Asthma, n: 40), Group III: ACO, n:40) and a healhty non smoker group (Group IV, n:40) are taken into study.
Asthma, ACO and COPD was excluded in the control group by demographic data, physical examination
and respiratory function tests. Detailed physicals exams, detailed blood tests, height, weight and neck
circumference measurements were conducted. The body mass index (BMI, kg/m2) of each patient was
calculated by dividing the body weight in kilograms by the square of the patient’s height in meters.
Assuming its bene�t in exclusion of the respiratory system pathologies, posteroanterior chest
radiography was performed. Pulmonary function tests were performed in the respiratory laboratory of our
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hospital, using a Jaeger brand spirometer according to the criteria of American Thoracic Society (ATS).
Forced expiratory volume in one second (FEV1, liters), and forced vital capacity (FVC, liters), and FEV1 to
FVC (%) values are measured at least 3 times, and optimal values were recorded.

Twentyfour of well controlled asthmatic patients were categorized as mild persistant, 16 of them as
moderate persistant according to GINA before treatment. The patients also underwent physical
examinations. One or more positive results to allergens in skin prick test (Allergopharma, Germany) was
accepted as atopy. According to previous skin prick test results of patients regullary followed in our
clinics, 9 asthma patients (3 mild peristant, 6 moderate persistant) and 3 ACO patients had atopy.

The severity of the COPD was categorized into moderate (n: 21, FEV1/FVC < 0.70, 50%≤FEV1 < 80%
predicted), and severe (n:19, FEV1/FVC < 0.70, 30%≤FEV1 < 50% predicted) according to GOLD criteria.
Patient with ACO was categorized according to GINA and GOLD criteria (17). The treatment of our
patient's protocols was explained to GOLD and GINA criteria. Anemia was de�ned as Hb < 12 g/dl in male.
Baseline arterial oxygen saturation was de�ned ≤ 88%. Our exclusion criteria were an acute COPD, ACO
and exacerbations in the last 3 months (increased cough, dyspnea, sputum production, and/or
purulence), other acute and chronic diseases, a blood transfusion in the last 6 months, anti-in�ammatory
therapy (oral, parenteral systemic glucocorticosteroids) within the last 3 months, and anemia within the
last 6 months, malignancy and pregnancy. The study was planned in accordance with the suggestions of
the Helsinki Document and Dışkapı Yıldırım Beyazıt Research and Education Hospital's ethic commission.
Signed consent forms were obtained from all the patients who volunteered.

Laboratory
In all patient groups and control group included in the study, blood and serum samples for full blood
testing were taken in the morning on an empty stomach. Serum CRP (0–6 mg/L ), serum Ig E (0-180
IU/mL), serum neutrophil (%), lymphocyte (%) levels were assessed using standard laboratory methods.
The blood sample drawn for the measurement of NGAL were collected early in the morning after a
minimum of 10 hours fasting and centrifuged for 10 min at 3000 rpm, and serum was stored at -80 C in
aliquots until the day of analysis. Serum NGAL levels were measured using a double-antibody sandwich
enzyme-linked immunosorbent assay (ELISA), according to the instructions of the producer company
(Hangzhou Eastbiopharm Co. Ltd., Hangzhou, China). Results were given as ng/mL. The intra-assay
coe�cient of variation (CV) was < 10% and the inter-assay CV was 12%. Chest radiographs were
evaluated to exclude other pathologies. The NLR was obtained by dividing the absolute number of
neutrophils by the absolute number of lymphocytes. The data were expressed as a percentage value (i.e.:
2.25%).

Statistical Analysis
Statistical analyses were performed using (Predictive Analytics SoftWare) version 20. Descriptive results
for numerical variables were expressed as mean ± standard deviation; categorical variables were
expressed as frequency and percentage. Chi-square analysis or Fisher’s exact test, where appropriate, was
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used to compare proportions in different groups. There was said to be a statistically signi�cant difference
between groups when P < 0.005. In that case, difference groups were determined by the Mann-Whitney U
test and Bonferroni correction.The relationship of serum NGAL levels with other variables was examined
using the Spearman Correlation coe�cient.

Results
Demographic and laboratory data for the 160 patients and control group monitored at our clinic were
demonstrated in Table 1. The mean serum NGAL level of the control group was found to be 208.330
(102.85-800.49) ng/ml. Serum NGAL level of asthmatic patients was 179.180 (82.78-976.59) ng/ml while
the mean serum NGAL level of the patients with COPD was found to be 220.931 (97.84-1938.62) ng/ml
and with ACO was found to be 267.463 (153.70-1796.78). There was a signi�cant difference between
serum NGAL levels of ACO patients (p = 0.002). Except ACO group, all of the patient groups and control
group included in the study had C-reactive protein (CRP) levels within the normal limits (upper normal
level, 6 mg/L).
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Table 1
Demographic information and laboratory characteristics of patient groups and control group.

Variables Asthma
(n:50)

COPD (n:50) ACO (n:50) Control
(n:50)

Age (year) 45.10 ± 10.98 59.80 ± 
11.30

64.06 ± 11.57 43.06 ± 
15.57

Sex (Female/Male) 16/13 18/11 19/10 15/13

Smoking (pack-year) - 32.91 ± 
23.11

25.50 ± 8.51 -

Dieasase year 12.40 ± 3.39 13.76 ± 5.06 11.03 ± 5.62 -

Exacerbation (/year) 1 (0–2) 2 (1–4) 3 (2–4) -

BMI (kg/m2) 27.34 ± 3.70 26.49 ± 4.64 26.19 ± 4.09 28.29 ± 5.09

FEV1/FVC (%) 72.45 ± 7.65 60.34 ± 
12.08

48.17 ± 11.67 92.45 ± 7.75

FEV1(%) 73.36 ± 6.48 65.20 ± 6.30 50.12 ± 6.13 90.36 ± 5.47

Total IgE level (1–83 IU/ml) 137.60 (47-
1211)

48.9 (10–
81)

151 (125–
1825)

21 (9–67)

C-reactive protein (CRP, 0–6 mg/L) 5.4 ± 3.5 7.9.±4.1 10.7 ± 5.7 3.9 ± 2.8

Atopy (+) 9 - 3 -

Neutrophil (x103/mm3) 4.05 ± 2.53 4.91 ± 1.53 6.25 ± 3.03 4.70 ± 1.71

Lymphocyte (x103/mm3) 1.08 ± 0.66 1.45 ± 0.73 1.71 ± 0.42 1.91 ± 0.24

Blood neutrophil to lymphocyte
ratio (NLR)

2.92 ± 1.69 3.22 ± 1.06 4.37 ± 6.09 2.72 ± 1.44

Serum HNGAL level (ng/ml) 179.182

(82.78-
976.59)

230.931

(97.84-
1938.62)

247.463

(153.701–
796.78)

208.330

(102.85-
800.49)
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Table 2
Relationships between the serum NGAL levels and other variables.

Variables Asthma (n:50) COPD (n:50) ACO (n:50)

  r p r p r p

Age (year) 0,315 0,085 0,191 0,369 0,061 0,731

Disease year 0,102 0,591 0,337 0,070 0,158 0,404

Exacerbation (/year) -,189 ,327 ,334 ,077 0,248** 0,021

BMI (kg/m2) 0,159 0,402 0,067 0,724 0,160 0,400

FEV1/FVC (%) 0,025 0,899 0,193 0,311 0,235 0,237

FEV1(%) 0,031 0,831 0,147 0,387 0,185 0,358

Total IgE level (1–83 IU/ml) 0,168 0,398 0,193 0,307 0,234 0,129

Blood neutrophil to lymphocyte ratio (NLR) 0,162 0,407 0,033 0,841 0.280** 0,012

C-reactive protein (CRP, 0–6 mg/L) -0.01 0.9 -0.04 0.7 0.614** 0.01

Atopy (+) -0.02 0.7 - - 0.22 0.09

Discussion
The aim of this study is to compare and analyse serum NGAL levels at chronic in�amatuar lung disease
such as asthma, COPD, ACO and to evaluate the clinical utility of serum NGAL as a predictive marker for
these disease. In this study, we found that serum NGAL level was higher in ACO group than COPD,
asthma and control groups. Moreover, serum NGAL level is increased as the number of attacks is
increased (p: 0.021) with ACO patients. On the other hand in the patients having ACO, there was also
positive correlation between blood NLR and serum NGAL levels. There was no correlation found among
the other variables. Chronic in�ammatory lung diseases such as COPD, asthma and ACO are among the
commonly seen reasons of death worldwide. Studies have shown that during stable period and
exacerbations in patients with chronic in�ammatory lung diseases increase both local and systemic
in�ammatory response. In recent years, serum NGAL in in�ammation, endothelial dysfunction,
angiogenesis and remodeling have been reported to increases. Until now, NGAL's research continues as
an in�ammatory marker in the various diesases. Chronic in�ammatory lung diseases are one of them.

NGAL is not only attributed to activated neutrophils but could also be secreted by the respiratory epithelial
cells in response to in�ammatory stimuli and by myeloid and epithelial cells in response to toll-like
receptor activation during bacterial infections.

There has been limited number of studies related with NGAL in lung diseases. In �rst studies, HNGAL is
signi�cantly elevated in the bronchoalveolar lavage �uid (BALF) and induced sputum of COPD patients
(18, 19). In normal human lung tissue, NGAL is constitutively expressed within tracheal goblet cells and in



Page 8/17

type II pneumocytes (20, 21). An increase in the level of in�ammation occurs with the progression of
chronic in�ammatory lung diseases. In our study, the detection of increased serum NGAL levels in
patients with chronic in�ammatory lung diseases in the stable period supported that, rather than being
restricted to the lung therefore being local, they are systemic in�ammatory diseases.. In previous studies,
it was reported that serum NGAL expression increased in various malignancies and it is a prognostic
factor in these cancers and can be used in follow-up, after treatment. After acute ischemic and
nephrotoxic injury, serum NGAL expression from the renal epithelium increases in response to
in�ammation (22, 23). Serum NGAL exists as an acute phase protein based on high levels in serum,
epithelial, urine and fecal levels of patients with active in�ammatory disease. There is no su�cient data
on serum NGAL levels during exacerbation periods in ACO. Our study showed serum NGAL in patients
having ACO when the maximum level of serum exist, it is observed that serum NGAL level is increased as
the number of attacks is increase.

Bacteria synthesize siderophore. It captures iron from the extracellular space by means of sidedrophores.
Serum NGAL participates in siderophore mediated iron cycle for proliferation and differentiation. Mice
lacking serum NGAL gene are more sensitive to some gram (-) bacteria. In addition, mortality rates were
found to be higher in sepsis compared to normal mice. Therefore, serum NGAL is de�ned as an essential
component of innate immunity against bacterial infections. NGAL production increases in bacterial
infections and NGAL levels in tissues are used to differentiate bacterial-viral infections. Activated
neutrophils secretes matrix metalloprotease 9 (MMP-9). NGAL binds to MMP-9 and prevents prolonged
collagen degradation. These actions of NGAL are of particular interest in relation to patients with chronic
in�ammatory lung diseases especially development of emphysema and airway wall remodeling (24, 25).
In a study on NGAL, sputum levels of NGAL were signi�cantly higher in patients with ACOcompared with
subjects without ACO and that level of NGAL was related to important ACO characteristics (26). NGAL is
actively secreted from both neutrophils and epithelial cells. The upregulation of NGAL transcription in
neutrophils and epithelial cells involves fundamental upstream in�ammatory pathways, such as
activation of nuclear factor- k B, interleukin-1 activation, and interaction between microbial products and
certain toll-like receptors. NGAL may be a marker of several upstream in�ammatory pathways, re�ecting
several processes potentially involved in the pathogenesis of COPD and ACO. In our study, we found that
both NLR and exacerbation rate were positively correlated with increasing serum NGAL level, which
supports the relationship between increased neutrophil rate and NGAL in in�ammation especially
patients in ACO.

Systemic in�ammation in ACO is similar to COPD. Serum NGAL value was found close to each other in
ACO and COPD groups in our study. This result may support the similarity of in�ammatory events
between COPD and ACO. In another study, the sputum levels of NGAL were signi�cantly increased in ACO
when compared with COPD and asthma groups. The sputum NGAL levels might be related to airway
in�ammation and low-grade microbial colonization, which predispose patients with ACO to acute viral
infections and exacerbations.
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The present study aimed to investigate the potential of NLR, as a prognostic markers in patients with
chronic in�ammatory lung diseses. It has been demonstrated that NLR may be a useful predictor of
systemic in�ammation and with prognosis of many cardiovascular diseases, malignancies and chronic
in�ammatory diseases (27–30). Taking this idea into account, some studies focused on NLR which are
considered among the markers of systemic in�ammatory response for COPD, ACO and asthma. One of
these have shown that increase in the ratio of circulating blood NLR levels may serve as a marker of
systemic in�ammation for ACO, COPD patients. The patients with stable disease and healthy controls
have shown lower NLR values than the patients with COPD exacerbation, according to the study done by
authors in an chronic in�ammatory deseases study (31). In a current study were found NLR values
increased with restriction of air�ow limitation. They tought that the change in NLR was due to COPD
itselfs (32). So far, the studies reviewed showed that can be used to predict COPD prognosis and
mortality (33). In another study, neutrophils and NLR, as indicators of circulating immune complexes,
were found higher in patients with COPD and ACO than those in the healthy population. They thougt that
NLR may be used as a biomarker to distinguish and diagnose COPD and ACO (34). With a different
perspetcive, in a study was found the level of NLR similar in COPD and ACO patients (35). In another
study found that the NLR ratio increased in parallel with the severity of COPD (36). Similar results were
found in our study. The NLR ratio increased with the aggravation of in�ammation.

Our patient with ACO groups had high serum CRP levels. Ultimately ACO and COPD are associated with
systemic in�ammation. The increase NLR and CRP may supports this situation (37–39). Due to the high
number of exacerbation period for ACO, we think that the role of in�ammatory mechanisms may increase
in this desase.

As a result; in patients with chronic in�ammatory lung diseases, NGAL may be a systemic useful
biomarker re�ecting the in�ammation level. In additional to chronic systemic in�ammation may explain
an parellel increase in NLR value, CRP and serum NGAL. This study has some limitations. Additional
studies are needed for clinical evaluation of the progression of chronic in�ammatory lung diseases. As
our study was conducted with a small sample group, the study should be supported with larger scale
studies.

Declarations
Acknowledgements

Not acceptable

Authors’ contributions

SD, FU participated in study conception and design; SD, FU, BK were responsible for data collection; were
responsible for data validation; SD, BK participated in data analysis; SD, FU undertook the statistical
analysis. All authors participated in data interpretation, writing, and revision of the report and approval of
the fnal version. All authors read and approved the �nal manuscript.



Page 10/17

Ethics Committee Approval

Signed consent forms were obtained from all the patients who volunteered. Approved by the University of
Health Science Dışkapı Yıldırım Beyazıt Health Pratctice and Research Centers ethics committee, Ankara
Turkey (12.10.2016/119).

Funding

This study was not supported by any organization.

Disclosures

No con�icts of interest, �nancial or otherwise, are declared by the authors.

Author Details

¹University of Health Science Dışkapı Yıldırım Beyazıt Health Pratctice and Research Centers, Chest
Disease AnkaraTurkey

²University of Health Science Dışkapı Yıldırım Beyazıt Health Pratctice and Research Centers,
Biochemistry Department Ankara, Turkey

Consent for publication

Not applicable

Availability of data and materials

The datasets used and/or analysed during the current study available from the corresponding author on
reasonable request.

References
1. Global strategy for asthma management and prevention. www.ginasthma.org (updated 2020).

2. Barnes PJ: Immunology of asthma and chronic obstructive pulmonary disease. Nat Rev Immunol
2008;8:183–92.

3. Brusselle GG, Maes T, Bracke KR: Eosinophils in the spotlight: eosinophilic airway in�ammation in
nonallergic asthma. Nat Med 2013;19:977–9.

4. Al-Muhsen S, Johnson JR, Hamid Q: Remodeling in asthma. J Allergy Clin Immunol 2011; 128:451–
62.

5. Borger P, Tamm M, Black JL, Roth M: Asthma: is it due to an abnormal airway smooth muscle cell?
Am J Respir Crit Care Med 2006; 174:367–72.

�. Barnes PJ: Pathophysiology of asthma. Eur Respir Mon 2003; 23: 84–113.



Page 11/17

7. Global Initiative for Chronic Obstructive Lung Disease (GOLD).2020 GlobalStrategy for Prevention,
Diagnosis and Management of COPD. Available from:http://goldcopd.org.

�. Higham A, Quinn AM, Cançado JED, Singh D. The pathology of small airways disease in COPD:
historical aspects and future directions. Respir Res 2019; 20: 49.

9. Sin DD, Miravitlles M, Mannino DM, Soriano JB, Price D, Celli BR, Leung JM, Nakano Y, Park HY, Wark
PA, Wechsler ME: What is asthma-COPD overlap syndrome? Towards a consensus de�nition from a
round table discussion. Eur Respir J 2016;48:664–73.

10. Gibson PG, Simpson JL: The overlap syndrome of asthma and COPD: what are its features and how
important is it? Thorax 2009;64: 728–35.

11. Diagnosis of Disease of Chronic Air�ow Limitation: Asthma COPD and Asthma-COPD Overlap
Syndrome (ACOS) 2014. Available from:http://www.ginasthma.org/orhttp://goldcopd.org.

12. Rothe T, et al. Diagnosis and Management of Asthma – The Swiss Guidelines. Respiration 2018;95:
364–80.

13. Kauppi P, Kupiainen H, Lindqvist A, Tammilehto L, Kilpeläinen M, Kinnula VL, Haahtela T, Laitinen T:
Overlap syndrome of asthma and COPD predicts low quality of life. J Asthma 2011;48: 279–85.

14. Kjeldsen L, Bainton DF, Sengelov H, Borregaard N. Identi�cation of neutrophil gelatinase-associated
lipocalin as a novel matrix protein of speci�c granules in human neutrophils. Blood 1994;83: 799–
807.

15. Chakraborty S, Kaur S,Guha S, Batra SK. The multifaceted roles of neutrophil gelatinase associated
lipocalin (NGAL) in in�ammation and cancer. Biochim Biophys Acta 2012; 1826:129–69.

1�. Z. et al. Neutrophil gelatinase-associated lipocalin as a risk marker in cardiovascular disease. Clin
Chem Lab Med 2017: 27; 56: 5–18.

17. 1Global Initiative for Asthma, Global Initiative for Chronic Obstructive Lung Disease, Diagnosis of
Disease of Chronic Air�ow Limitation. Asthma, COPD, and asthma–COPD overlap syndrome (ACOS);
2015. Available from: http://www.ginasthma.org/. Accessed November4, 2020.

1�. Finlay GA, Russell KJ, McMahon KJ et al., Elevated levels of matrix metalloproteinases in
bronchoalveolar lavage �uid of emphysematous patients. Thorax, 1997. 52:502–6.

19. Keatings, VM, Barnes PJ. Granulocyte activation markers in induced sputum: comparison between
chronic obstructive pulmonary disease, asthma, and normal subjects. Am J Respir Crit Care Med,
1997. 155: 449–53.

20. Cowland JB, Borregaard N. Molecular Characterization and Pattern of Tissue Expression of the Gene
for Neutrophil Gelatinase-Associated Lipocalin from Humans. Genomics, 1997. 45: 17–23.

21. Cowland JB, Sørensen OE, Sehested M et al., Neutrophil gelatinase-associated lipocalin is up-
regulated in human epithelial cells by IL-1 beta, but not by TNF-alpha. J Immunol, 2003. 171:6630–9.

22. Mishra J, et al. Neutrophil gelatinase-associated lipocalin (NGAL) as a biomarker for acute renal
injury after cardiac surgery Lancet. 2005 Apr 2–8;365(9466):1231–8.



Page 12/17

23. Cao J, Lu X, Gao F, Zhang X, Xia X, Sun H. Assessment of neutrophil gelatinase-associated lipocalin
as an early biomarker for canine renal ischemia-reperfusion injury. Ann Transl Med. 2020; 8: 1491.

24. Bchir S, et al. Concomitant elevations of MMP-9, NGAL, proMMP-9/NGAL and neutrophil elastase in
serum of smokers with chronic obstructive pulmonary disease. J Cell Mol Med. 2017;21: 1280–91.

25. Navratilova Z, Kolek V, Petrek M. Matrix metalloproteinases and their inhibitors in chronic obstructive
pulmonary disease. Arch Immunol Ther Exp. 2015; 64: 177–93.

2�. Navratilova Z, Kolek V, Petrek M. Matrix metalloproteinases and their inhibitors in chronic obstructive
pulmonary disease. Arch Immunol Ther Exp. 2015; 64: 177–93.

27. Williams KA, Labidi-Galy SI, Terry KL, et al. Prognostic signi�cance and predictors of the neutrophil-
to-lymphocyte ratio in ovarian cancer. Gynecol Oncol 2014; 132: 542–550.

2�. Babacan NA, Seker M, et al. Could the neutrophil to lymphocyte ratio be a poor prognostic factor for
non small cell lung cancers? Asian Pac J Cancer Prev 2014; 15: 2089–94.

29. Paliogiannis P, Scognamillo F, Bellomo M, et al. Neutrophil to lymphocyte ratio as a predictor of
thyroid papillary carcinoma. Act Med Mediterr 2015; 31: 371–5.

30. Stotz M, Gerger A, Eisner F, et al. Increased neutrophil-lymphocyte ratio is a poor prognostic factor in
patients with primary operable and inoperable pancreatic cancer. Br J Cancer 2013; 109: 416–21.

31. Lee SJ, Lee HR, Lee TW, et al. Usefulness of neutrophil to lymphocyte ratio in patients with chronic
obstructive pulmonary disease: a prospective observational study. Korean J Intern Med 2016; 31:
891–8.

32. Lee H, Um SJ, Kim YS, et al. Association of the neutrophil-to-lymphocyte ratio with lung function and
exacerbations in patients with chronic obstructive pulmonary disease. PLoS One 2016; 11:
e0156511.

33. Paliogiannis P, et al. Neutrophil to lymphocyte ratio and clinical outcomes in COPD: recent evidence
and future perspectives. Eur Respir Rev. 2018: 7; 27: 170113.

34. Pilaczynska-Cemel M, Golda R, Dabrowska A, et al. Analysis of the level of selected parameters of
in�ammation, circulating immune complexes, and related indicators (neutrophil/lymphocyte,
platelet/ lymphocyte, CRP/CIC) in patients with obstructive diseases. Cent Eur J Immunol.
2019;44(3):292–8. doi:10.5114/ceji.2019.87498

35. Li M, et al. The Value of In�ammatory Biomarkers in Differentiating Asthma-COPD Overlap from
COPD. Int J Chron Obstruct Pulmon Dis. 2020; 15: 3025–37.

3�. Sakuri K, Chubachi S, Irie H, et al. Clinical utility of blood neutrophil-lymphocyte ratio in Japanese
COPD patients. BMC Pulm Med 2018;18: 65.

37. Lenártová P, Kopčeková J, Gažarová M, et al. Biochemical parameters as monitoring markers of the
in�ammatory reaction by patients with chronic obstructive pulmonary disease. Rocz Panstw Zakl
Hig. 2017; 68:185–90.

3�. Pilaczyńska-Cemel M, Gołda R, Dąbrowska A, Przybylski G. Analysis of the level of selected
parameters of in�ammation, circulating immune complexes, and related indicators



Page 13/17

(neutrophil/lymphocyte, platelet/lymphocyte, CRP/CIC) in patients with obstructive diseases. Cent
Eur J Immunol. 2019; 44:292–8.

39. Fu JJ, McDonald VM, Gibson PG, Simpson JL. Systemic in�ammation in older adults with asthma-
COPD overlap syndrome. Allergy Asthma Immunol Res 2014;6: 316–24.

Figures

Figure 1

shows the box plot graphs of serum NGAL level in all patients groups.
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Figure 2

shows tho box plot FEV1(L) level of patients and control group.
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Figure 3

shows the box plot FEV1/FVC (L) level of patients and control group. Forced expiratory volume in one
second (FEV1) and FEV1/FVC ratio was higher patients with asthma and control groups.
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Figure 4

shows the box plot acute exacerbation of patients with Asthma, COPD, ACO. Acute exacerbation was also
high in patients with ACO. Relationships between the serum NGAL levels and other variables were
demonstrated in table 2. The serum NGAL levels was found signi�cantly higher in patients with ACO
patients compared to other groups. It was found that this height was positively correlated with number of
attack per year (p<0.05). On the other hand in the patients having ACO there was also positive correlation
between NLR and serum NGAL (p<0.05). There was no other relation found among the other variables.
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Figure 5

shows the box plot graphs of the relationship between smoking and serum NGAL level in patients with
ACO. Serum NGAL was increasing in proportion to smoking. But not statistically signi�cant (p>0.05)


