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Abstract
Background: Some clinical and spirometric features are
common to both COPD and asthma-COPD overlap (ACO),
causing difficulties in distinguishing these airway diseases from
each other. Since, both of them are characterized by airway
inflammation, any inflammatory biomarker as blood neutrophil
to lymphocyte ratio and serum total IgE can be used for this
purpose. Objectives: To assess the role of blood neutrophil to
lymphocyte ratio and serum total IgE in the diagnosis of ACO
among patients with COPD. Methods: This cross sectional study
was conducted in the Department of Physiology, Bangabandhu
Sheikh Mujib Medical University, Dhaka from March 2019 to
February 2020. For this, 63 male stable patients (age 40 to 80
years) of COPD were enrolled and 51 of them were finally
selected according to exclusion criteria. Then these 51 COPD
patients were divided into ACO and COPD-alone groups, based
on criteria from the joint document by the Global Initiative for
Asthma (GINA) and the Global Initiative for Chronic Obstructive
Lung Disease (GOLD). Blood neutrophil to lymphocyte ratio
(NLR) and serum total IgE of all patients were measured by
standard lab procedure. For statistical analysis, Chi-Square test,
Fisher exact test, Shapiro Wilk test, Mann-Whitney U test and
receiver operating characteristic (ROC) curve analysis were
done, as applicable. Results: Among the 51 COPD patients, 26
patients were diagnosed with ACO and 25 patients were with
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COPD-alone. Here, NLR was significantly lower (median 2.09
vs 3.43, respectively; p<0.001) in ACO patients than that of
COPD-alone. In addition, NLR showed ‘very good’ (area under
ROC curve 0.815) diagnostic accuracy. Conclusion: The
present study reveals that, blood neutrophil to lymphocyte ratio,
but not serum total IgE can play substantial role in diagnosis of
ACO among the patients with COPD.
Key words: Asthma-COPD overlap, COPD, blood neutrophil
to lymphocyte ratio, serum total IgE, receiver operating
characteristic curve, area under the curve.
Introduction

C

hronic obstructive pulmonary disease
(COPD) and bronchial asthma are two
distinct obstructive airway diseases

with common pathological features, chronic
airway inflammation. 1-2 These two airway
diseases often overlap3, where some patients with
asthma present with fixed airway obstruction4and
those with COPD present with asthmatic
features.5 For this group of patients, the term
‘asthma-COPD overlap (ACO)’ was
recommended by a joint committee of Global
Initiative for Asthma (GINA) and Global
Initiative for Chronic Obstructive Lung Disease
(GOLD).6
As per GINA-GOLD joint document, in
pharmacological treatment for ACO, inhaled
corticosteroid (ICS) should be included. 6
Whereas, in COPD without asthmatic
component, it’s responsiveness is limited7 with
higher risk of pneumonia.8 For this reason,
patients with COPD-alone should not be treated
with ICS. So, these two obstructive airway
diseases should be properly identified, as well
as clear differentiation between them is needed.
However, systemic inflammation might be
present along with local airway inflammation in
both ACO9 and COPD.10,-11 In this case, different
inflammatory mediators released from
inflammatory cells of local airway inflammation
spill over into the systemic circulation and
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stimulate the hematopoietic system. As a result,
different leukocytes are released from bone
marrow into the bloodstream, increasing their
blood count. 12Although increased count of
polymorph and lymphocyte are indices of
inflammation, the ratio of neutrophil to
lymphocyte counts (NLR), might be a more
reliable parameter for the monitoring and
evaluation of systemic inflammatory response13,
as it is less affected by confounding conditions,
such as, exercise, mental stress, meal and in vitro
handling of blood sample.14 Thus it might be
more predictive for evaluating inflammation
rather than the neutrophil or lymphocyte count
alone.15-16
Furthermore, in asthma, among those
inflammatory mediators spilled over into the
systemic circulation, interleukin-4 (IL-4) and IL13 induce B-cells to secrete IgE17, which drives
allergic inflammation.18 Thus, serum total IgE
level can also be used as a marker of inflammation in this obstructive airway disease.19-20
To date, thorough clinical and spirometric
evaluation are used to distinguish ACO from
COPD without asthmatic components, which are
subjective approaches. In addition, some
common clinical features and spirometric
findings6 shared by both of these obstructive
airway diseases, makes it more difficult to
distinguish. However, measurement of some
inflammatory biomarkers, like blood NLR, as
Volume 15 No. 2 December 2020: 54-60
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well as serum total IgE along with those ongoing
approaches might help in this aspect, which are
simple and non-invasive. Moreover, blood NLR
is calculated from blood neutrophil and
lymphocyte counts, which can be obtained from
routine cost-effective investigation, such as,
complete blood count. On the basis of this
background the present study was aimed to
evaluate the potential role of blood NLR and
serum total IgE, to diagnose ACO among patients
with COPD.
Methods
This cross sectional study was carried out at the
Department of Physiology, Bangabandhu Sheikh
Mujib Medical University (BSMMU) from
March 2019 to February 2020. Total 63 male
stable patients (age 40 to 80 years; BMI 18.6 to
24.9 kg/m2) of COPD were purposively enrolled
in this study from the Out Patient Department
(OPD) of BSMMU and National Institute of
Diseases of the Chest and Hospital (NIDCH).
All patients were diagnosed by pulmonologists
according to the GOLD criteria 7, i.e. post
bronchodilator forced expiratory volume in 1st
second/forced vital capacity <0.70. Then patients
with any other pulmonary co-morbidities,
inflammatory bowel disease, ischemic heart
disease, any hematologic or endocrine disorder,
inflammatory musculoskeletal disorder, any
malignancy, hepatic dysfunction or renal
insufficiency, uncontrolled systemic hypertension, diabetes mellitus, dyslipidemia, were
excluded. In addition, patients with history of
consuming systemic corticosteroid (within 4
weeks prior to study), as well as if they were
current smoker, were also excluded from this
study. Ultimately, 51 patients were selected and
informed written consent was taken from all of
them.
After final selection, as per syndromic approach
for diagnosis of ACO proposed by GINA-GOLD
joint committee6, all COPD patients were divided
Volume 15 No. 2 December 2020: 54-60
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into two study groups, ACO (n=26) and COPDalone (n=25).
After collection of venous blood, neutrophil and
lymphocyte count [by Fluorescence Flow
Cytometry method using Sysmex XN-2000
(Sysmex America, Inc. USA) CBC analyzers],
as well as, serum total IgE assay [by
Chemiluminescent Immunometric Assay
technique using Immulite 2000XPi immunoassay
system analyzer (Siemens, USA)] of all patients
were done. The NLR ratio was calculated
manually.
The data were expressed as mean with standard
deviation (mean±SD), median with interquartile
range and number with percentage. For statistical
analysis, Chi-Square test, Fisher exact test,
Shapiro Wilk test and Mann-Whitney U test were
done, as applicable. Moreover, receiver operating
characteristic (ROC) curve analysis with
measurements of area under the ROC curve
(AUC) was used to evaluate the diagnostic
accuracy of these two inflammatory biomarkers
for differentiating ACO from COPD. All these
analyses were done using SPSS (Version 23) for
Windows. In the interpretation of results, p value
<0.05 was accepted as significant.
Results
Characteristics of study patients
As shown in Table I, among a total of 51 patients,
26 patients were diagnosed with ACO and 25
patients were with COPD alone. However, there
was no statistically significant difference of
general characteristics between these two groups
of patients.
Blood NLR and serum total IgE
Here, as inflammatory biomarker, NLR, but not
IgE, was significantly lower (p<0.001) in patients
with ACO, than those with COPD-alone
(Table II).
56
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Table I: Characteristics of study patients (N=51)
Variables
Age (years)a
Weight (kg)a
Height (cm)a
BMI (kg/m2)b
Smoking status
• Never smokerc
• Ex smokerc
• Pack-years (year)a
ICS Usec

ACO (n=26)
56.9±10.6
(40-75)
60.4±4.8
(48-68)
168.0±8.1
(154-185)
21.3
(20.1-22.9)

COPD-alone (n=25)
61.6±9.8
(45-80)
57.4±5.8
(46-69)
165.0±6.3
(154-177)
20.4
(19.2-22.4)

5 (19.2%)
21 (80.8%)
25.38±12.58
7 (26.9%)

2 (8.0%)
23 (92.0%)
29.13±8.74
5 (20%)

p value
0.103α
0.051α
0.276α
0.317β

0.419γ
0.254α
0.743δ

Data are shown as mean±SD (a), median (interquartile range) (b) and number (percentage) (c). Statistical analysis
was done by independent sample ‘t’ test (α), Mann-Whitney U test (β), Fisher exact test (γ), Chi-Square test (δ).
N= total number of patients; n= number of patients in each group; ACO= asthma–COPD overlap; BMI= body
mass index; pack-year = (number of cigarettes smoked per day / 20) X number of years smoked

Table II: Blood NLR and serum total IgE in study patients (N=51)
Study variables
Blood NLR
Serum total IgE

ACO (n=26)
2.09
(1.67-2.68)
409.6
(177.5-1660.6)

COPD-alone (n=25)
3.43
(2.58-4.97)
220.0
(122.0-735.2)

p value
0.000***
0.09

Data are shown as median (interquartile range). Statistical analysis was done by Mann-Whitney U test. NLR =
neutrophil to lymphocyte ratio; N = total number of patients; n = number of patients in each group; ACO =
asthma–COPD overlap;*** = statistically significant (p<0.001)

Diagnostic performance indices of NLR
In our study, ROC curve analysis demonstrated
that, for diagnosis of ACO among COPD
patients, area under the ROC curve (AUC) of
NLR was found 0.815 (p<0.000; 95% confidence
interval 0.697-0.934). In addition, to get the best
diagnostic accuracy, the optimal cutoff value
(according to highest Youden’s index)22 of this
variable was 2.87. Moreover, at this optimal
cutoff value, the sensitivity and specificity of
NLR were, 72.00 and 84.60, respectively
(Figure 1).
57

AUC = 0.815
Sensitivity = 72.00
Specificity = 84.60

Figure 1: ROC curve of blood NLR for diagnosis
of asthma–COPD overlap (ACO) among COPD
patients. ROC = receiver operating characteristic;
NLR = neutrophil to lymphocyte ratio; AUC =
area under the ROC curve
Volume 15 No. 2 December 2020: 54-60
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Discussion
In this cross sectional study, NLR was
significantly lower in ACO patients compared to
that of COPD-alone. These observations indicate
the potential role of NLR to differentiate these
two closely related obstructive airway diseases.
To the best of our knowledge, no previous report
on similar investigation in COPD patients is
available, till date.
A study on Spanish population reported that,
frequency of ACO was higher23, but severity of
inflammation was lower24 in biomass smokeinduced COPD than that of tobacco smokeinduced COPD. These observations might
accomplish that inflammation severity would be
less in ACO than that of COPD-alone. Moreover,
higher increment of blood proinflammatory
cytokines occurs in higher degree of
inflammation11, causing high neutrophil count in
blood due to profound bone marrow
stimulation. 25 Therefore, lower grade of
inflammation severity in ACO might explain the
findings of lower NLR in our ACO patients than
that of COPD-alone.
In addition, serum total IgE was higher in our
ACO patients than that of COPD-alone though
the difference was not statistically significant.
This notion was in consistence with a previous
study in Thai population26, but not with another
previous study inJapanese population.27 It is well
known that, in asthma, IL-4 and IL-13, cytokines
released from inflammatory cells 28-30 can
stimulate B-cells to secrete IgE. This mechanism
might explain the higher serum level of this
biomarker in our ACO patients than that of
COPD-alone. However, a few of our study
patients in both groups were on in haled
corticosteroid (ICS) medication. This drug, being
an anti-inflammatory agent, could cause
reduction of airway inflammation, resulting in
reduced release of those inflammatory mediators,
causing decreased production IgE.17 In addition,
as ACO is more responsive to ICS than COPDalone31, it might cause more decrement of serum
Volume 15 No. 2 December 2020: 54-60
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total IgE in ACO, explaining no significant
difference of this biomarker between two groups
of our COPD patients.
Moreover, in our study, ROC curve analysis on
NLR, showed AUC within range of 0.8-0.9,
indicating very good diagnostic accuracy32 in
diagnosing ACO among patients with COPD. In
addition, at optimal cutoff value, the sensitivity
of this biomarker was found <80%, indicating
the more chance of false negative results.
Whereas, the specificity was >80%, indicating a
less chance of false positive results. However,
no study was found to support these findings.
Conclusion
The present study reveals that, blood NLR, but
not serum total IgE, can play a substantial role
in diagnosing ACO among the patients with
COPD.
Since, airway inflammation can be affected by
ICS medication, patients with COPD with ICS
should be excluded from the study. But it could
not be possible due to unavailability of patients.
For more precise evaluation further researches
should be conducted on ICS non-user COPD
patients.
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