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Background: Asthma—COPD overlap (ACO) is difficult to diagnose because it is characterized
by persistent airflow limitation, and patients present with several manifestations that are usually
associated with both asthma and COPD. In this retrospective study, we aimed to evaluate the
diagnostic accuracy of fractional exhaled nitric oxide (FeNO) and blood eosinophil counts for
the clinical diagnosis of ACO.

Patients and methods: A total of 121 patients were divided into two study groups, COPD
alone or ACO, which was based on criteria from the joint document by the Global Initiative
for Asthma and the Global initiative for chronic Obstructive Lung Disease. From July 2014 to
April 2017, FeNO levels and blood eosinophil counts were measured in specimens from patients
naive to inhaled corticosteroids (ICS) and those using ICS. Receiver operating characteristic
curve analysis was used to determine the cutoff values of FeNO and blood eosinophil levels
that provided the best differential diagnosis between ACO and COPD.

Results: Among a total of 121 patients, 65 patients were diagnosed with COPD and 56 patients
with ACO. The FeNO level was higher in patients with ACO than in patients with COPD
(median 24.5 vs 16.0 ppb, respectively; P<<0.01). Among patients naive to ICS, the area under
the receiver operating characteristic curve of FeNO values was 0.726, and the optimal diag-
nostic cutoff level of FeNO was 25.0 ppb, with 60.6% sensitivity and 87.7% specificity for
differentiating ACO from COPD. FeNO (=25.0 ppb) combined with blood eosinophil counts
(=250/uL) showed 96.1% specificity.

Conclusion: These results demonstrate that the FeNO level combined with blood eosinophil
count is useful for the differential diagnosis between ACO and COPD.

Keywords: asthma—COPD overlap, fractional exhaled nitric oxide, blood eosinophil counts

Introduction

Asthma—COPD overlap (ACO) is characterized by persistent airflow limitation and
several manifestations usually associated with both asthma and COPD.' There is broad
agreement that patients with ACO have worse outcomes than patients with COPD
or asthma alone, unless they receive adequate treatment, which includes inhaled
corticosteroids (ICS).%* Although the Global Initiative for Asthma (GINA) and the
Global initiative for chronic Obstructive Lung Disease (GOLD) proposed a stepwise
approach for the diagnosis of ACO,' the diagnostic criteria were based on syndromic
features and lacked objective indicators, such as results from lung function testing,
imaging, and testing for inflammatory biomarkers. A GINA/GOLD document on ACO
recommended that both fractional exhaled nitric oxide (FeNO) and blood eosinophils
be used as inflammatory biomarkers for differentiating ACO from COPD.!
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Although previous studies have reported that FeNO**¢
and blood eosinophil levels* were good parameters for dif-
ferentiating between ACO and COPD, several limitations
were identified. First, ACO was not defined according to the
universally accepted definition.>® Second, these studies**
included patients receiving ICS, which affect FeNO levels’®
and blood eosinophil counts.” Taking these limitations into
account, we performed a retrospective study that aimed to
evaluate the diagnostic accuracy of FeNO levels and blood
eosinophil counts for the clinical diagnosis of ACO.

Patients and methods

Patient population

Patients with COPD who underwent FeNO testing at
Kochi Medical School Hospital from July 2014 to April
2017 were retrospectively enrolled in this study. COPD
patients were diagnosed according to the following GOLD
criterion: a forced expiratory volume in 1 second/forced vital
capacity ratio of <0.70 after bronchodilator use. Subjects
were excluded if they had used oral corticosteroids during
the previous 4 weeks. The ethical review board of Kochi
Medical School approved this study protocol and waived
written informed consent from patients, because this was
a noninterventional trial and the study was retrospective
(approval number: 29-124). We confirmed that the patient
confidentiality in this study was maintained.

Methods

Patients were divided into two study groups, COPD alone and
ACO according to syndromic and spirometric features of the
ACO from the GINA/GOLD joint document.! The features
of the ACO took into consideration the following general
categories: age at onset, pattern of symptoms, lung func-
tion, patient or family history, time course, and chest X-ray.
Participants in this study fulfilled three or more features of
COPD. Among patients with COPD, we further identified
ACO patients as those with three or more features of asthma
as follows: onset before age 20 years, family history of
asthma or allergic rhinitis or eczema, normal findings on chest
X-rays without severe hyperinflation, common time course in
asthmatic patients, variable respiratory symptoms, and vari-
able expiratory airflow limitation. The common time course
included spontaneous improvement and immediate response
to bronchodilator or to ICS over weeks. Variable respiratory
symptoms included wheezing and shortness of breath that
varied over minutes, hours, or days and worsened during the
night or early morning. Variable expiratory airflow limitation
was defined as improvement in forced expiratory volume in
1 second =200 mL and =12% from baseline immediately

after the use of a bronchodilator or several weeks after the
use of ICS. We evaluated these diagnostic features, which
were extracted from the patients’ medical records.

Inflammatory biomarkers

FeNO was measured using the NIOX MINO device
(Aerocrine AB, Solna, Sweden), according to the recom-
mendations of the American Thoracic Society/European
Respiratory Society.!® FeNO results are reported as parts
per billion (ppb).

Blood eosinophil counts were determined from peripheral
blood samples; absolute blood eosinophil counts are reported
as cells/uL. Blood eosinophil counts were acquired from 110
of the 121 patients enrolled in this study.

Data on these biomarkers were extracted from the
patients’ medical records. In patients who were measured
for these biomarkers before and after the use of ICS, we
extracted data at any two time points.

Statistical analysis

Data are shown as medians (interquartile range) or mean *
SD, unless otherwise specified. Differences between groups
were assessed by the Mann—Whitney U test and Fisher’s
exact test. The relationship between FeNO levels and blood
eosinophil counts was assessed by determining Spearman’s
rank correlation coefficients. Receiver operating character-
istic (ROC) curve analysis with measurements of area under
the curve (AUC) was used to evaluate the diagnostic value of
FeNO and blood eosinophil levels for differentiating ACO
from COPD. We performed the analysis with different cutoff
values for FeNO and blood eosinophils, and an optimal cut-
off value was obtained from the highest value for the sum
of sensitivity and specificity. All statistical analyses were
performed with EZR software (Saitama Medical Center,
Jichi Medical University, Saitama, Japan), a graphical user
interface for R (The R Foundation for Statistical Computing,
Vienna, Austria). Briefly, the EZR software is a modified
version of R commander that was designed to add statistical
functions frequently used in biostatistics.!! P-values <0.05
were considered significant.

Results

Characteristics of the study patients

A total of 121 patients were enrolled in this study. According
to the diagnostic criteria, 65 (53.7%) patients had COPD
alone and 56 (46.3%) patients had ACO. The characteristics
of the study patients are shown in Table 1. Patients with
ACO had fewer tobacco smoking pack-years (P=0.048) than
patients with COPD. In addition, the proportion of patients
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Table | Characteristics of the study patients (N=121)

Characteristics COPD (n=65) ACO (n=56) P-value
Age (years) 72.3 (£9.8) 723 (£7.8) 0.608
Sex (M/F) 54/11 42/14 0.368
BMI (kg/m?) 23.0 (£3.7) 22.6 (£5.6) 0.679
Smoking status

Current smoker 14 (21.5%) 12 (21.4%) 1.000

Ex-smoker 48 (73.8%) 40 (71.4%)

Pack-years 56.0 (£31.6) 46.4 (£30.0) 0.048
FVC (L) 3.15 (+0.80) 3.04 (+0.77) 0.464
FEV, (L) 1.72 (£0.56) 1.55 (£0.51) 0.141
%FEV, (%) 69.7 (£21.1) 64.9 (£17.6) 0.283
ICS use 8 (12.3%) 23 (41.1%) 0.0004
Comorbidity

Hypertension 35 (53.8%) 31 (55.4%) 1.000

Diabetes mellitus 16 (24.6%) 12 (21.4%) 0.829

Cardiovascular disease® 8 (12.3%) 6 (10.7%) 1.000
FeNO (ppb) 16.0 (12.0-20.0) 24.5 (14.0-39.5) 0.0012
Eo (cells/uL) 138.0 240.0 0.0142

(90.0-207.5) (127.5-310.0)

Notes: Data are shown as medians (interquartile range) or means + SD or
number (%). *Cardiovascular disease includes coronary artery diseases such as
angina and myocardial infarction.

Abbreviations: ACO, asthma—COPD overlap; BMI, body mass index; Eo, eosino-
phils; FeNO, fractional exhaled nitric oxide; FEVI, forced expiratory volume in
| second; FVC, forced vital capacity; ICS, inhaled corticosteroids.
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with ACO who were treated with ICS at the time of FeNO
measurement was higher than the proportion of patients with
COPD treated with ICS at the time of FeNO measurement
(41.1% vs 12.3%, respectively; P<<0.001). The difference
between the frequency of comorbidities in patients with
COPD and ACO was not significant.

Inflammatory biomarkers in patients

with COPD and ACO

The FeNO levels were higher in patients with ACO than in
patients with COPD (median 24.5 ppb [14.0-39.5 ppb] vs
16.0 ppb [12.0-20.0 ppb], respectively; P<0.01). Among
patients naive to ICS, the difference between the FeNO levels
of the two patient groups (median 27.0 ppb [15.0-44.0 ppb]
vs 15.0 ppb [11.0-19.0 ppb]; P<<0.001) was notable when
compared to the differences between all patients in the two
groups. The difference between the FeNO levels of patients
being treated with ICS in both the ACO and COPD groups
was not significant (median 21.0 ppb [12.5-35.0 ppb] vs
19.0 ppb [15.3-31.5 ppb], respectively; P=0.95; Figure 1A).
In addition, among current smokers, the FeNO levels were
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Figure | Inflammatory biomarkers in patients with COPD and ACO.
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Notes: (A) FeNO levels, (B) blood eosinophil counts. Data are shown as medians (interquartile range). Differences between groups were assessed by the Mann—Whitney

U test.

Abbreviations: ACO, asthma—COPD overlap; FeNO, fractional exhaled nitric oxide; ICS, inhaled corticosteroids; ICS treatment (=), patients naive to ICS; ICS treatment (+),

patients treated with ICS.
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higher in patients with ACO than in patients with COPD
(median 24.0 ppb [13.8-39.3 ppb] vs 14.0 ppb [9.5-16.0 ppb],
respectively; P<<0.05). Similarly, the blood eosinophil counts
were higher in patients with ACO than in patients with COPD
(median 240.0 cells/uL [127.5-310.0 cells/uL] vs 138.0
cells/uL [90.0-207.5 cells/uL], respectively; P<<0.05). How-
ever, among patients treated with ICS, the difference between
the blood eosinophil counts of the patients in each group
was not significant (Figure 1B). Moreover, FeNO levels
were significantly reduced from a baseline median value of
36.0 ppb (25.0-46.0 ppb) to 21.0 ppb (15.0-36.0 ppb) after
ICS treatment (P<<0.05; Figure 2A). The median treatment
duration of ICS in patients whose FeNO levels are shown
in Figure 2A was 18 weeks. In addition, blood eosinophil
counts were also significantly reduced from a median
baseline value of 294.0 cells/uL (177.5-347.5 cells/uL) to
185.0 cells/uL (120.0-269.5 cells/uL) after ICS treatment
(P<0.05; Figure 2B). The median treatment duration of ICS
in patients whose eosinophil counts are shown in Figure 2B
was 23 weeks. Although both FeNO levels and blood eosino-
phil counts were higher in patients with ACO than in patients
with COPD, the correlations between FeNO levels and blood
eosinophil counts in patients with either COPD or ACO were
not significant (Figure 3).

Diagnostic accuracy of biomarkers
ROC curve analysis demonstrated that 21.0 ppb was the best
diagnostic cutoff value of FeNO for differentiating ACO
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from COPD (AUC: 0.671). The sensitivity and specificity at
21.0 ppb for the diagnosis of ACO were 62.5% and 75.4%,
respectively. Among patients naive to ICS, the AUC for FeNO
was calculated to be 0.726, and the optimal diagnostic cut-
off level was 25.0 ppb, with 60.6% sensitivity and 87.7%
specificity for differentiating ACO from COPD (Figure 4A).
On the other hand, ROC curve analysis demonstrated that
250 cells/uL was the best cutoff value for blood eosinophil
counts in differentiating ACO from COPD. However, the
AUC for blood eosinophil counts was relatively low, even
among patients naive to ICS (Figure 4B). Unlike blood eosino-
phil counts, FeNO was thought to be useful for differentiating
ACO from COPD, especially among patients naive to ICS.

Diagnostic accuracy of FeNO levels and

blood eosinophil counts combined

We examined the diagnostic accuracy of FeNO levels
combined with blood eosinophil counts, since each bio-
marker showed relatively low sensitivity and specificity.
The combination of an FeNO level =21.0 ppb and a blood
eosinophil count =250 cells/uL showed 35.4% sensitivity
and 96.8% specificity. Among patients naive to ICS, an
FeNO level =21.0 ppb plus a blood eosinophil count =250
cells/uL showed 25.9% sensitivity and 96.1% specificity
(Table 2). These data show that the biomarkers combined
led to increased specificity and decreased sensitivity for
the diagnosis of ACO compared to the use of either bio-
marker alone.
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Figure 2 Effects of ICS on FeNO levels and blood eosinophil counts in patients with ACO.
Notes: (A) FeNO levels, (B) blood eosinophil counts. Data are shown as medians (interquartile range). The median treatment duration of ICS was 18 weeks (A) and

23 weeks (B). Differences between groups were assessed by the Mann—Whitney U test.

Abbreviations: ACO, asthma—COPD overlap; FeNO, fractional exhaled nitric oxide; ICS, inhaled corticosteroids; post-ICS, after ICS treatment; pre-ICS, before ICS

treatment.

submit your manuscript

2528

Dove

International Journal of COPD 2018:13


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

Utitlity of FeNO level and blood eosinophil counts in asthma—COPD overlap diagnosis

A COPD
1,200 -

-

= 1,000 1 5

) r=—0.085

< 8009 P=0.512

o

© 6001

<= o o °

§- 400 - o o

— o

®» 2004 e38°

I'a °° 8;:08:%%0 e %

0 v TV T 1
0 20 40 60
FeNO (ppb)

C 500 COPD

j o

=

o 6001 r=—0.126

c P=0.379

g o

: 400 - o o

s 8°

2 2004 ec2¥

— o ©

» o g o °®8 o

o # oooo ° ° o

i ) oo % o

0 > . )
0 25 50
FeNO (ppb)

ACO
2,000 A
- °
=
=
& 1,500 1 r=0.196
c P=0.183
>
o
2 1,000 A
=
g o
£ 5004 o o o o
-]
2 foegnar.o .
w 2 %, ,
0 +2.2, T T T ]
0 50 100 150 200
FeNO (ppb)
D ACO
2,000 -
- °
=
=
@ 1,500 1 r=0.068
c P=0.736
S
[]
2 1,000 4
=
o
)
£ 50049 o °
(72} ° ° o °
o ® °
w °° ® D 4 00 °
0 > o0 i
0 25 50 75
FeNO (ppb)

Figure 3 Correlation of FeNO levels with blood eosinophil counts in patients with COPD and ACO.

Notes: Correlation of FeNO levels with blood eosinophil counts in all patients with COPD (A), all patients with ACO (B), patients with COPD naive to ICS (C), and patients
with ACO naive to ICS (D). The correlations between FeNO levels and blood eosinophil counts were determined by calculating Spearman’s rank correlation coefficients.
Abbreviations: ACO, asthma—COPD overlap; FeNO, fractional exhaled nitric oxide; ICS, inhaled corticosteroids.

Discussion

We performed a retrospective study to assess whether
inflammatory biomarkers were useful for the diagnosis
of ACO. ROC curve analysis demonstrated that 25.0 ppb
was the best diagnostic cutoff level of FeNO, with 60.6%
sensitivity and 87.7% specificity for differentiating ACO
from COPD in patients naive to ICS. In addition, an
FeNO level =25.0 ppb combined with a blood eosinophil
count =250 cells/uL showed high specificity (96.1%). The
results of this study demonstrate the utility of FeNO and
blood eosinophils for the differential diagnosis of ACO in a
population of patients with COPD.

Previous studies*® demonstrated the inflammatory
biomarkers FeNO and blood eosinophil counts supported
the diagnosis of ACO. Chen et al® reported that the best
diagnostic cutoff level of FeNO was 22.5 ppb, with 70.2%
sensitivity and 75.0% specificity for differentiating ACO
from COPD. In addition, Kobayashi et al* reported that an
FeNO level (=23.0 ppb) combined with a blood eosinophil

count (=156.2 cells/uL) showed 59.5% sensitivity and 85.5%
specificity for the diagnosis of ACO. However, the diagnosis
of ACO was not performed using the universally accepted
definition>® and patients using ICS were not excluded
from these studies.*® In our study, we used the universally
accepted definition in the GINA/GOLD joint document' to
perform the diagnosis of ACO.

This study clearly demonstrated that FeNO levels and/or
blood eosinophil counts should be used for differentiating
ACO from COPD in patients naive to ICS treatment, but not
in patients using ICS. We believe that this distinction is the
primary strength of our study. ICS treatment is known to
decrease FeNO levels in patients with asthma.”® Our study
found that FeNO levels were decreased in patients with
ACO after ICS treatment, which could account for the low
diagnostic value of FeNO in the diagnosis of ACO in patients
being treated by ICS.

Interestingly, the correlations between FeNO levels and
blood eosinophil counts in patients with either COPD or
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Figure 4 ROC curve for FeNO levels and blood eosinophil counts for differentiating ACO from COPD.
Notes: (A) ROC curve for FeNO levels, (B) ROC curve for blood eosinophil counts.

Abbreviations: ACO, asthma—COPD overlap; AUC, area under the curve; FeNO, fractional exhaled nitric oxide; ICS, inhaled corticosteroids; ICS treatment (-), patients
naive to ICS; ICS treatment (+), patients treated with ICS; ROC, receiver operating characteristic.
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ACO were not significant. In patients with asthma, a weak-
to-moderate correlation has been observed between FeNO
levels and eosinophil counts in blood or sputum.'?!* On the
other hand, FeNO levels and blood eosinophil counts were
each found to be independently associated with wheezing
and asthmatic events,'* which suggests that FeNO and blood
eosinophils, respectively, relate to two different inflammatory
pathways, interleukin (IL)-4- and IL-13-mediated pathways'®
and the IL-5-mediated pathway.!® Our study found that the
FeNO level combined with a blood eosinophil count showed

Table 2 Diagnostic accuracy of the biomarkers

high specificity for the diagnosis of ACO. We speculate
that the use of two types of inflammatory biomarkers with
different properties led to increased diagnostic specificity
for the ACO.

ICS play a central role in the treatment of ACO because
the asthmatic component of T helper 2 cell-mediated airway
inflammation is observed in patients with ACO. However,
previous studies have reported that ICS treatment was
associated with an increased risk of pneumonia in patients
with COPD.!"!® Therefore, ICS should not be used in patients

Category Sensitivity (%) Specificity (%) PPV (%) NPV (%) PLR
Overall (n=110)
FeNO =21 ppb 62.5 754 68.6 70.0 2.54
Eo =250/uL 50.0 82.3 68.6 68.0 2.82
FeNO =21 ppb+Eo =250/uL 354 96.8 89.5 65.9 11.06
No ICS treatment (n=78)
FeNO =25 ppb 60.6 87.7 74.1 794 4.93
Eo =250/uL 51.4 8l1.5 65.5 71.0 2.78
FeNO =25 ppb+Eo =250/uL 25.9 96.1 77.8 71.0 6.64

Abbreviations: Eo, eosinophil; FeNO, fractional exhaled nitric oxide; ICS, inhaled corticosteroids; NPV,

positive predictive value.

negative predictive value; PLR, positive likelihood ratio; PPV,
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without an asthmatic component. Our study found that the
combination of FeNO (=25.0 ppb) and blood eosinophil
counts (=250 cells/uL) showed high specificity (96.1%)
for differentiating ACO from COPD. This combination of
cutoff values, which showed such high specificity, could be
useful for preventing the inappropriate use of ICS in patients
without an asthmatic component.

This was a retrospective study with several limitations.
First, current smoking has been reported to reduce FeNO
levels."” In our study, the number of smoking pack-years
of patients with ACO was lower than that of patients with
COPD (P=0.048). Although the FeNO levels of ACO patients
were higher than those of COPD patients, even among
current smokers, the smoking history might have affected
the difference between the FeNO levels of the two groups.
Second, the FeNO level has been reported to be increased
in patients with allergic rhinitis.!”” We could not determine if
the coexistence of allergic rhinitis affected the FeNO levels
of the patients in our study. Third, FeNO levels® in healthy
adults and blood eosinophil counts?! in the general population
have been reported to be higher for males than for females.
In the present study, there was a higher proportion of male
patients than female patients in both the COPD and ACO
groups. Additional detailed examinations are required for
the diagnosis of ACO.

Conclusion

The results of this study demonstrated that the inflammatory
biomarkers FeNO and blood eosinophils can support the
diagnosis of ACO. The primary strengths of our study were
that ACO was defined according to the universally accepted
criteria in the joint GINA/GOLD document and that this
study evaluated patients naive to ICS as well as patients using
ICS. For patients naive to ICS, an FeNO level =25.0 ppb
combined with a blood eosinophil count =250 cells/uL
showed high specificity (96.1%) for differentiating ACO
from COPD. Treatment with ICS could be useful for patients
who satisfy the criteria of an FeNO level =25.0 ppb and a
blood eosinophil count =250 cells/uL.
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