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Abstract
Background: As asthma-COPD overlap (ACO) and COPD
share some common clinical features, this makes difficult to
distinguish them from each other. Since, both of them are
characterized by airway inflammation, any inflammatory
biomarker such as total count (TC) of white blood cells (WBC),
neutrophil, eosinophil and platelet can be used for that purpose.
Objective: To assess the role of TC of WBC, neutrophil,
eosinophil and platelet in 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 2019 March to Feb 2020. In
this study, 63 male stable patients (age range: 40 to 80 years) of
COPD were enrolled. Among them, 51 patients were finally
selected according to exclusion criteria and divided into two
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groups, ACO (n=26) and COPD alone (n=25). TC of WBC,
neutrophil, eosinophil and platelet of all patients were measured
by standard lab procedure. For statistical analysis, Chi-Square
and Fisher exact test, Shapiro-Wilk test, Mann-Whitney U test
were done as applicable. More over, receiver operating
characteristic (ROC) curve analysis was performed. Results:
In the present study, TC of WBC and neutrophil count were
significantly (p<0.01) lower, whereas, blood eosinophil count
was significantly (p<0.05) higher in ACO patients than those
of COPD-alone. In addition, highest area under the receiver
operating characteristic curve was found in case of blood
neutrophil count, followed by TC of WBC and eosinophil count.
Moreover, at optimal cut off value, the sensitivity, specificity,
positive predictive value, negative predictive value of blood
count of total WBC were calculated as, 72.00, 61.50, 64.28,
69.56, respectively. However, the aforementioned indices were
observed for blood neutrophil count, as 72.00, 76.90, 75.00,
74.07 and for blood eosinophil count, as 38.50%, 92.00%,
83.33%, 58.97%, respectively.
Conclusion:The present study reveals that blood count of total
WBC, neutrophil and eosinophil, but not the platelet, play
substantial role in diagnosis of ACO among the patients with
COPD.
Key words: Asthma-COPD overlap, COPD, white blood cells,
neutrophil, eosinophil, platelet, receiver operating characteristic
curve, area under the curve.

Introduction
sthma and chronic obstructive
pulmonary disease (COPD) are
common obstructive airway diseases,

A

charac-terized by chronic airway inflammation.
In COPD, there is persistent airflow limitation,
which is usually progressive.1 Whereas, in
asthma, there is wheeze, shortness of breath, chest
tightness, cough that vary in intensity over time
with variable airflow limitation.2
However, there is ample of evidence that these
two distinct disease entities often overlap,3
where, approximately one in four patients with
COPD present with asthmatic features4 and some
asthmatics present with fixed airway
obstruction.5 Recently a joint committee of
Global Initiative for Asthma (GINA) and Global
109

Initiative for Chronic Obstructive Lung Disease
(GOLD) recommended the term ‘asthma-COPD
overlap (ACO)’, which does not describe a single
disease entity, rather it includes patients with
several different forms (phenotypes) of diseases
of respiratory tract caused by different underling
mechanisms.6
Although both ACO and COPD, cannot be cured
permanently, their morbidity and progression can
be reduced by appropriate treatment. As per
treatment protocol proposed by GINA-GOLD
joint document, inhaled corticosteroids(ICS)
should be included in ACO 6 , whereas its
responsiveness is limited in COPD-alone. 1
Moreover, it has been reported that treatment with
ICS is associated with higher risk of pneumonia
in patients with COPD.7 For this reason, there is
Volume 15 No. 2 December 2020: 108-114
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utmost importance for proper identification and
clear differentiation between these two
obstructive airway diseases.
However, in both ACO8 and COPD9,10, systemic
inûammation might accompany the local airway
inflammation stimulating hematopoietic system,
speciûcally bone marrow, resulting in release of
different leukocytes and platelets into the
blood.11
Since, some clinical features of both ACO and
COPD without asthmatic components are
common to each other, including spirometric
findings of post bronchodilator FEV1/FVC ratio
<0.706, it is difficult to diagnose this newer
respiratory phenotype among the patients with
COPD. However, in recent days clinicians only
rely on thorough clinical and spirometric
evaluation for this purpose. But, both of these
approaches are subjective. So, measurement of
some objective inflammatory biomarkers, like
blood count of total WBC, neutrophil, eosinophil
and platelet might aid in correct identification of
these inflammatory airway diseases, which are
simple and easily obtainable from routinely
donecost-effective investigations.Therefore, on
the basis of this background the present study
was designed to evaluate the role of blood count
of total WBC, neutrophil, eosinophil and platelet,
in diagnosis of ACO among patients with COPD.
Methods
This cross sectional study was conducted from
March 2019 to February 2020 at Department of
Physiology, Bangabandhu Sheikh Mujib Medical
University (BSMMU). In our study, 63 male
stable patients (age 40 to 80 years; BMI 18.6 to
24.9 kg/m2) of COPD were purposively enrolled
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 criteria1, i.e. post bronchodilator
FEV1/FVC ratio <0.70. Among them, physician
diagnosed patients with any other pulmonary
Volume 15 No. 2 December 2020: 108-114
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disease, ischemic heart disease, inflammatory
bowel disease, inflammatory musculoskeletal
disorder, any hematologic or endocrine disorder,
any malignancy, uncontrolled systemic
hypertension, diabetes mellitus,dyslipidemia,
hepatic dysfunction or renal insufficiency, were
excluded. Moreover, 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. The protocol of this study involving
humanapproved by Institutional Review Board
(IRB) of BSMMU, which followed the ethical
rule of Helsinki.12
After final selection, all COPD patients were
divided into two groups, ACO (n=26) and
COPD-alone (n=25), according to the syndromic
approach for diagnosis of ACO proposed by
GINA-GOLD joint committee.6
As inflammatory biomarker, blood count of total
WBC, neutrophil, eosinophil and platelet were
measured by Fluorescence Flow Cytometry
method using Sysmex XN-2000 (Sysmex
America, Inc. USA) CBC analyzers.
The data were expressed as mean with standard
deviation (mean±SD), median with interquartile
range and number with percentage. Here, to
compare the qualitative data, Chi-Square and
Fisher exact tests were done. In addition, to check
the normal distribution of quantitative data,
Shapiro-Wilk test was done. Then, independent
sample ‘t’ test was performed to compare
normally distributed quantitative data. However,
in case of the data showing skewed distribution,
log transformation followed by Shapiro-Wilk test
were performed. If still they were in skewed
distribution, Mann-Whitney U test was done to
compare them. Moreover, to determine area
under the receiver operating characteristic (ROC)
curve (AUC) and optimal cutoff values, ROC
curve analysis was performed. All statistical
analysis was done using SPSS (Version 23) for
Windows. In the interpretation of results, p value
≤0.05 was accepted as significant.
110
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Results
The general characteristics of the study patients
are shown in Table I. No statistically significant
difference of those characteristics was found
between two groups of patients with ACO and
COPD-alone.
In the present study, as shown in Table II, blood
count of total WBC and neutrophil were
significantly (p<0.01) lower, whereas, blood
eosinophil count was significantly (p<0.05)
higher in ACO patients than that of COPD-alone
(Table II). However, there was no statistically
significant difference of blood platelet count in
between two groups (Table II).
As shown in Figure 1, ROC curve analysis
demonstrated that AUC of blood count of total
WBC, neutrophil and eosinophil were 0.722

(p<0.01; 95% confidence interval 0.583-0.862),
0.781 (p<0.01; 95% confidence interval 0.6540.908) and 0.684(p<0.05; 95% confidence
interval 0.538-0.830), respectively. In addition,
to get the best diagnostic accuracy, the optimal
cutoff values (according to highest
Youden’sindex) 13of above mentioned three
variables were found as, 9.75X103/µL, 7.6X103/
µLand 527.5 cells/µL, respectively.Moreover, at
these corresponding optimal cutoff values, the
sensitivity, specificity, positive predictive value
and negative predictive value of blood count of
total WBC were, 72.00, 61.50, 64.28 and 69.56;
of blood neutrophil count were, 72.00, 76.90,
75.00 and 74.07; and of blood eosinophil count
were, 38.50%, 92.00%, 83.33% and 58.97%,
respectively (Table III).

Table I: Baseline characteristics of study patients (N=51)
Variables
Age (years)a
Weight (kg)a
Height (cm)a
BMI

(kg/m2)b

Patients with ACO

Patients with COPD-alone

(n=26)

(n=25)

56.9±10.6

61.6±9.8

(40-75)

(45-80)

60.4±4.8

57.4±5.8

(48-68)

(46-69)

168.0±8.1

165.0±6.3

(154-185)

(154-177)

21.3

20.4

(20.1-22.9)

(19.2-22.4)

p value
0.103α
0.051α
0.276α
0.317β

Smoking status
•

Never smokerc

5 (19.2%)

2 (8.0%)

•

Ex smokerc

21 (80.8%)

23 (92.0%)

0.419γ

•

Pack-years (year)a

25.38±12.58

29.13±8.74

0.254α

7 (26.9%)

5 (20%)

0.743δ

ICS Usec

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 cigarette smoked per day/20) X number of year smoked; ICS= inhaled
corticosteroids.
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Table II: Blood cell count in study patients (N=51)
Blood cell
Total WBC(X103/µL)
Neutrophil (X103/µL)
Eosinophil (cells/µL)
Platelet (X109/µL)

ACO patients (n=26)
9.5
(7.4-11.1)
5.9 (3.8-7.6)
350.0
(254.0-953.0)
300.0
(266.0-340.0)

COPD-alone patients (n=25)
11.0
(9.0-15.2)
8.1(6.5-11.5)
270.0
(92.5-388.0)
350.0
(275.0-385.0)

p value
0.006**
0.001**
0.024*
0.073

Data are shown as median (interquartile range). Statistical analysis was done by Mann- Whitney U test. N = total
number of patients; n = number of patients in each group; ACO = asthma–COPD overlap; ** = statistically
significant (p<0.01); * = statistically significant (p<0.05)

A

C

B

AUC=0.722

AUC
AUC=0.
AUC=0.781

AUC 0 684
AUC=0.684

Figure 1: ROC curve of blood total count of WBC (A), neutrophil count (B) and eosinophil count
(C) for diagnosis of ACO among COPD patients. ROC = receiver operating characteristic; AUC =
area under the curve
Table III: Diagnostic performance indices of blood cell count at optimal cutoff values
Indices(in %)
Sensitivity
Specificity
Positive predictive value
Negative predictive value

TotalWBC
(at 9.75X103/µL)
72.00
61.50
64.28
69.56

Discussion
In the present study, blood count of total WBC
and neutrophil were significantly lower in our
ACO patients compared to that of COPD-alone,
indicating their supportive role in distinguishing
these two obstructive airway diseases from each
other (Table II). To the best of our knowledge
this is the first study demonstrating their potential
role in diagnosis of ACO among the patients with
COPD.
Volume 15 No. 2 December 2020: 108-114

Neutrophil
(at 7.6X103/µL)
72.00
76.90
75.00
74.07

Eosinophil
(at 527.5 cells/µL)
38.50
92.00
83.33
58.97

It has been reported that, frequency of ACO was
more14, whereas, intensity of inflammation was
less15in biomass smoke-induced COPD than that
of tobacco smoke-induced COPD in Spanish
population. These reports might infer that
inflammation severity would be less in ACO than
that of COPD-alone. Moreover, the increment
of blood pro-inflammatory cytokines occurs in
higher degree of inflammation10, resulting in
profound bone marrow stimulation for
112
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production of leucocytes including neutrophil16.
Therefore, lower grade of inflammation severity
in ACO might explain the findings of lower count
of total WBC and neutrophil count in our ACO
patients than that of COPD-alone.

Conclusion
The present study reveals that, blood count of
total WBC, neutrophil and eosinophil can play
substantial role in diagnosis of ACO among the
stable patients with COPD.

In addition to the above mentioned biomarkers,
blood eosinophil count was significantly higher
in our ACO patients compared to that of COPDalone, indicating their supportive role in
diagnosis of ACO among the patients with
COPD. Similar observation was reported by
different researchers abroad17,18.Since, patients
with ACO has asthmatic component
characterized by type 2 helper T-cell (Th2)
mediated inflammation19 along with neutrophilic
invasion in the airways of COPD20, there is
release of different Th2 inflammatory mediators.
Among them, IL-5 increases the differentiation
and maturation of eosinophils in bone marrow
resulting in high blood eosinophil count21.

However, there were some limitations in our
study. Since, counts of blood cells can be affected
by parasitic infestations, food allergy, drug
allergy, atopic dermatitis, hypereosinophilic
syndrome, any vasculitis and airway
inflammation can be affected by ICS medication,
stable patients of COPD with these comorbidities
and those with ICS medication should be
excluded. But it could not be possible for
unavailability of patients.

Moreover, in our study ROC curve analysis
showedhighest area under the ROC curve in case
of blood neutrophil count, followed by count of
total WBC and eosinophil. These observations
indicate good diagnostic accuracy of neutrophil
count and total count of WBC, as well as
sufficient diagnostic accuracy of blood eosinophil
count for diagnosis of ACO among patients with
COPD 22 . Few researchers abroad reported
similar accuracy of blood eosinophil count17,18
for diagnosis of ACO among the patients with
COPD.
However, at optimal cutoff values of blood
neutrophil count, total count of WBC and
eosinophil count, the sensitivity and negative
predictive value were found <80% (Table III),
indicating more chance of false negative result.
Whereas, the specificity and positive predictive
value were found >80% for blood eosinophil
count, indicating least chance of false positive
result by using it in diagnosing ACO among
patients with COPD. However, no study was
found to support these findings.
113
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