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ABSTRACT

Asthma-chronic obstructive pulmonary disease overlap: Results from a
national-multicenter study

Introduction: Patients with asthma-chronic obstructive pulmonary disease
(COPD) overlap (ACO) have a greater disease burden than those with COPD
or asthma alone. In this study, it was aimed to determine the prevalence, risk
factors, and clinical features of ACO because there are limited national data
in Turkiye.

Materials and Methods: The study was conducted in a cross-sectional design
in nine tertiary-care hospitals. The patients followed with a diagnosis of asth-
ma or COPD for at least one year were enrolled in the study. The frequency
of ACO and the characteristics of the patients were evaluated in the asthma
and COPD groups.
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INTRODUCTION

Results: The study included 408 subjects (F/M= 205/203, mean age= 56.24
+ 11.85 years). The overall prevalence of ACO in both groups was 20.8% (n=
85). The frequency was higher in the COPD group than in the asthma group
(n=55; 33.3% vs. n=22; 9.8%), respectively (p= 0.001). Patients with ACO
had similarities to patients with COPD in terms of advanced age, sex, smoking,
exposure to biomass during childhood, being born in rural areas, and radio-
logic features. Characteristics such as a history of childhood asthma and
allergic rhinitis, presence of chronic sinusitis, NSAID hypersensitivity, atopy,
and high eosinophil counts were similar to those of patients with asthma (p<
0.001). The annual decline in FEV, was more prominent in the ACO group
(mean= -250 ml) than in the asthma (mean change= -60 mL) and COPD
(mean change=-230 mL) groups (p= 0.003).

Conclusion: This study showed that ACO was common among patients with
asthma and COPD in tertiary care clinics in our country. ACO should be
considered in patients with asthma and COPD who exhibit the abovemen-
tioned symptoms.

Key words: Asthma; COPD; overlap; ACO

0z
Astim KOAH overlap: Ulusal cok merkezli bir calisma sonuclari

Giris: Astim-kronik obstriiktif akciger hastaligi (KOAH) overlap (AKO) olan
hastalarin hastalik yiikii, yalnizca KOAH veya astimi olan hastalara gére daha
fazladir. Tirkiye'de ulusal veriler sinirli oldugundan AKO’nun prevalansini, risk
faktorlerini ve klinik 6zelliklerini belirlemeyi amagladik.

Materyal ve Metod: Arastirma, dokuz ligtincii basamak saglik hastanesinde
kesitsel olarak gerceklestirildi. Calismaya astim veya KOAH tanisiyla en az bir
yil takip edilen hastalar alindi. Astim ve KOAH gruplarinda AKO sikhigi ve
hastalarin ézellikleri degerlendirildi.

Bulgular: Calismaya 408 kisi dahil edildi (K/E= 205/203, ortalama yas= 56,24
+ 11,85 yil). Her iki grupta da AKO’nun genel prevalansi %20,8 (n= 85) idi.
KOAH grubunda siklik astim grubuna gore daha yiiksekti (sirasiyla n= 55;
%33,3% karsi n=22; %9,8) (p= 0,001). AKO’lu hastalarin ileri yas, cinsiyet,
sigara kullanimi, cocuklukta biyomas maruziyeti, kirsal bolgede dogmus olma
ve radyolojik ozellikler acisindan KOAH'li hastalarla benzerlikleri vardi.
Cocukluk ¢caginda astim ve alerjik rinit 6ykiisi, kronik sintizit varlig, NSAID
asir duyarlihgi, atopi, eozinofil sayisinin yiiksek olmasi gibi ézellikler astimli
hastalarla benzerdi (p< 0,001). FEV deki yillik disis AKO grubunda (ortala-
ma= -250 ml), astm (ortalama= -60 mlL) ve KOAH (ortalama= -230 mlL)
gruplarina gore daha belirgindi (p= 0,003).

Sonug: Bu calisma dlkemizde (ciinci basamak kliniklere bagvuran astim ve
KOAH hastalarinda AKO’nun yaygin oldugunu gésterdi. Yukarida belirtilen
semptomlari gosteren astim ve KOAH hastalarinda AKO dtstnilmelidir.

Anahtar kelimeler: Astim; KOAH; astim-KOAH overlap; AKO

asthma COPD overlap (ACO) (2). These patients

In recent years, data have accumulated on the
coexistence of asthma and chronic obstructive
pulmonary disease (COPD) in the same patient. This
clinical entity was first noted several years ago and
was referred to as the Dutch hypothesis (1). More
recently, the Global Initiative for Asthma (GINA) and
the Global Initiative for Chronic Obstructive Lung
Disease (GOLD) reports labeled it first as asthma
COPD overlap syndrome (ACOS) and finally as
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display features of both asthma and COPD. Currently,
a great variety exists in the prevalence rates of ACO
(between 0.9 and 20%) in different countries (3-7).
This can be attributed to the different diagnostic
criteria used and the lack of consensus for ACO
diagnosis (8-11).

The importance of ACO is mainly attributed to its
poor prognostic features as well as a higher disease
burden with lower quality of life (12-14). Therefore,
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determining ACO is particularly important to
introduce new health policies, which would provide
early diagnosis and better disease management. In
terms of early diagnosis, ACO is based on the
suggestion that a proportion of patients with COPD
with asthma-like inflammation and eosinophilia
respond to inhaled corticosteroid (ICS) therapy.
However, because excessive use of ICS drugs can
cause adverse effects in patients with COPD,
physicians need to be sure about the diagnosis of
ACO to ensure a balance between treatment and
adverse effects (15). The determination of airway
hyperreactivity, which may be predictive of
accelerated forced expiratory volume in one second
(FEV,) decline and increased mortality in patients
with COPD, makes the ACO diagnosis an important
issue for preventing future risks (16). Therefore, it is
important to determine patients who are at risk for
the development of ACO as early as possible to
introduce protective measures.

Potential risk factors for ACO have been studied in
many studies from many countries. Importantly, these
results show that individual risk factors vary among
different countries. Considering our country, asthma
and COPD are among the most common chronic
respiratory airway diseases with high morbidity and
burden (17). However, we have insufficient national
data on the epidemiology, risk factors, clinical
characteristics, and treatment issues in ACO to deal
with this disease.

In this study, patients with a diagnosis of asthma or
COPD who were followed in specialized centers for
diagnosis and management of these diseases were
evaluated using a standard approach to determine
the prevalence of ACO in asthma and COPD groups,
as well as to determine risk factors and clinical
features in our country. By doing this, it was aimed to
determine predictive factors for the existence of ACO
in our patients with asthma and COPD and provide
data for policymakers to guide the development of
national strategies.

MATERIALS and METHODS

The study was conducted in a cross-sectional design
in nine tertiary care hospitals in our country. The
study centers were in Marmara (three centers),
Central Anatolia (three centers), and the Egean (three
centers) regions. Each center is specialized in asthma
and COPD care. The study protocol was approved by

the local ethics committee (Date: July 23t 2012;
Approval number: 12-396-12). Patients who gave
informed consent to participate in the study were
included.

The Patient Population

The study included all patients aged over 17 years
who had a diagnosis of asthma or COPD and who
had been followed up in the study center for at least
one year with the relevant diagnosis. Co-existence of
other diseases, including bronchiectasis or
malignancy, was not considered an exclusion
criterion if the patient already had a physician-
confirmed diagnosis of asthma or COPD.

Forty patients per study parameter were estimated to
show relevant statistical results; and therefore, an
equal number of patients from each center with a
total of 750 patients was planned to be included in
the study. After enrollment, demographics [age, sex,
birthplace, educational status, occupation, cigarette
smoking, body mass index (BMI)], childhood risk
factors (e.g., childhood exposures and childhood
diseases), comorbidities, and disease characteristics
(e.g., clinical presentations, laboratory findings,
pulmonary function tests, chest X-ray, oxygen
saturation), primary diagnosis (asthma, COPD, or
ACO), and medications were recorded.

Disease activity was determined for asthma and
COPD by the number of severe attacks, number of
emergency room (ER) visits, hospitalizations, and use
of oral corticosteroids in the last year. For patients
with yearly records of spirometry, current and past
(one year ago) FEV, levels were also recorded.

The data were mainly gathered from the hospital
records. No additional diagnostic or therapeutic
interventions were made for the study.

The diagnosis of asthma and COPD was based on
current guidelines (18,19). The diagnosis of ACO was
made according to the presence of the following (2):

1. Fixed airflow obstruction (post bronchodilatory
FEV, <80% and FEV,/FVC <70%)

2. Variable airway obstruction (positive reversibility
testing or positive bronchial provocation tests)

3. Clinical presentations compatible with ACO
(presence of atopy, age over 40 years, and
smoking history of more than 10 pack-years)

27 [H]
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Statistical Analysis

Statistical analyses were performed using the
Statistical Package for the Social Sciences software
(SPSS version 16.0; Chicago, lllinois). Numeric values
are expressed as mean + standard error of the mean
(SEM), and nominal values are given as numbers (n)
and percentages (%). Normality assumption for
continuous variables was assessed using the Shapiro-
Wilk test. One-way analysis of variance (ANOVA)
was used to test differences between three groups for
normally distributed continuous variables and Tukey’s
honestly significant difference (HSD) test was
preferred as the post-hoc test. Differences between
three groups for non-normally distributed variables
were evaluated using Kruskal-Wallis variance
analysis. When the p-value from the Kruskal-Wallis
test was statistically significant, multiple comparison
tests were used to determine which group differed
from the others. Categorical variables were assessed
using the Chi-square test. P-values less than 0.05
were considered statistically significant.

RESULTS
Study Subjects

Initially, a total of 610 patients were recorded to have
a diagnosis of COPD or asthma. Of these, 408
patients (F/M= 205/203) who had at least one
acceptable spirometry performed during the previous
year were included in the study and constituted the
final study group. There were 225 patients in the
asthma group and 165 patients in the COPD group.
Eighteen (4.4%) patients were diagnosed as having
ACO based on diagnostic criteria. The prevalence of
ACO according to guideline criteria was 20.8% (n=
85) in the entire study population. The prevalence
was 9.8% (n= 22) and 33.3% (n= 55) in the asthma
and COPD groups, respectively.

Demographics

The ACO group had similar age and sex distributions
to the COPD group, but different than those of
patients with asthma (p< 0.001, for both) (Table 1).

Table 1. Demographics of the study groups

Asthma COPD Overlap p
n 205 118 85
Age (years, mean + SD) 50.7 + 11 63.2 + 8.7 59.7 + 10.9 <0.001
Sex (F/M) 164/41 (80/20%) 14/104 (11.9/88.1%) 27/58 (31.8/68.2%) <0.001
Education 0.04
Illiterate 13 (6.4%) 4 (3.4%) 3 (3.5%)
Primary school 89 (43.4%) 51 (44.1%) 39 (45.9%)
Secondary school 20 (9.8%) 23 (19.5%) 10 (11.8%)
High school 42 (20.6%) 27 (22.9%) 17 (20%)
University 40 (19.6%) 12 (10.2%) 16 (18.8%)
BMI <0.001
Lean-Normal 41 (20%) 50 (42.4%) 26 (30.6%)
Overweight 71 (34.6%) 46 (39%) 32 (37.6%)
Obese 93 (45.4%) 22 (18.6%) 27 (31.8%)
Occupation <0.001
Housewife 104 (50.7%) 6 (5.1%) 18 (21.2%)
Working at any job 44 (21.5%) 5 (4.2%) 7 (8.2%)
Retired 32 (15.6%) 84 (71.2%) 45 (52.9%)
Other 25 (12.2%) 23 (19.5%) 15 (17.7%)
Smoking status <0.001
Non-smokers 145 (70.7%) 12 (10.1%) 23 (27.1%)
Ex-smoker 49 (23.9%) 89 (75.4%) 51 (60%)
Current smoker 11 (5.4%) 17 (14.4%) 11 (12.9%)
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The patients with COPD or ACO were older and
mostly male. Patients with ACO and COPD had a
higher pack-year smoking history than patients with
asthma. Obesity rate was higher among patients with
asthma (p< 0.001) (Table 1).

Childhood exposures/conditions and diseases

The rate of the patients with ACO who were born in
rural areas was similar to those with COPD but higher
than that of asthmatics (p= 0.04) (Table 2). Patients
with COPD and ACO were also more likely to have
lived with farm animals and/or pets during childhood
than those with asthma (p= 0.001]). Exposure to
tobacco smoke during childhood was high, around
65% for each group, with no differences between the
groups. The patients with COPD and ACO had more
exposure to biomass during childhood than those with
asthma (p= 0.019). Regarding childhood diseases, a
history of childhood asthma was more frequent in
patients with asthma and ACO than in patients with
COPD (p= 0.01). Measles was more common among
patients with asthma than in those with COPD or ACO
(p= 0.021). Patients with ACO tended to have similar
histories of allergic rhinitis to patients with asthma,
and a history of childhood pneumonia similar to that
of patients with COPD (Table 2).

Comorbidities

Patients with ACO had similar rates of chronic
sinusitis, nasal polyps, and non-steroidal anti-
inflammatory drug (NSAID) hypersensitivity to
patients with asthma, and the rates of ischemic heart
diseases were comparable to those of patients with
COPD. Hypertension, bronchiectasis, anxiety, and
depression were similar across all groups (Table 3).

Clinical presentations

The frequency of symptoms of phlegm (COPD: n=
58, 49.2% vs. ACO n= 38; 44.7%), dyspnea on
exertion (COPD: n= 76, 64.4% vs. ACO n= 50,
58.8%), and progressive dyspnea (COPD: n= 73,
61.9% vs. ACO n= 51, 60%) were similar in patients
with COPD and ACO and higher than those with
asthma (phlegm: n= 39, 19%; dyspnea on exertion:
n= 99, 48.3%; progressive dyspnea: n= 49, 23.9%)
(p< 0.001, p= 0.015, and p< 0.001, respectively).

Laboratory findings

Atopy rates as well as eosinophil levels of the patients
with ACO were similar to those with asthma, whereas
hemoglobin and hematocrit levels were similar in
those with COPD (Table 4). In pulmonary function
tests, the degree of airway obstruction and airway
trapping were similar in patients with COPD and

Table 2. Childhood risk factors and diseases of the study groups

Asthma COPD ACO p

Childhood Conditions/Exposures
Birthplace

Urban 86 (42.4%) 38 (32.2%) 26 (30.6%) 0.04

Rural 117 (57.6%) 80 (67.8%) 9 (69.4%)
Breastfeeding 195 (95.6%) 109 (92.4%) 1(95.3%) >0.05
Attendance to preschool 10 (4.9%) 3 (2.6%) 2 (2.4%) >0.05
Pet at home 69 (34%) 8 (49.2%) 7 (31.8%) 0.011
Childhood exposure to ETS 135 (66.5%) 9 (66.9%) 9 (67.2%) >0.05
Exposure to biomass 47 (23.2%) 8(32.2%) 3 (38.8%) 0.019
Childhood Diseases
Childhood asthma 13 (6.4%) 0 (0) 7 (8.2%) 0.011
Childhood eczema 6 (2.9%) 1 (0.8%) 0 (0) >0.05
Childhood food allergy 4 (2%) 0(0) 0 (0) >0.05
Childhood allergic rhinitis 27 (13.2%) 1 (0.8%) 3 (3.5%) <0.001
Measles 57 (27.9%) 8 (15.3%) 16 (18.8%) 0.021
Tuberculosis 2 (1%) 6 (5.1%) 4 (4.7%) >0.05
Pneumonia 15 (7.4%) 6 (22.2%) 11 (12.9%) 0.001

Tuberk Toraks 2024;72(1):25-36

29 [H]



Asthma-COPD overlap: A multicenter study

Table 3. Comorbid diseases and disorders of the study groups

Asthma COPD ACO p

ACO: Resembling asthma

Chronic sinusitis 43 (21%) 10 (8.5%) 11 (42.9%) 0.009
Nasal polyps 10 (4.9%) 1 (0.8%) 10 (11.8%) 0.002
NSAID hypersensitivity 18 (13.7%) 2 (1.7%) 7 (8.3%) 0.002
ACO: Resembling COPD

Ischemic heart disease 11 (5.4%) 22 (18.6%) 15 (17.6%) <0.001
Higher in COPD

Heart failure 5 (2.5%) 11 (9.3%) 3 (3.5%) 0.016
Lung cancer 0 (0) 3 (2.5%) 0 (0) 0.024
Higher in Asthma

Diabetes mellitus 39 (19%) 14 (11.9%) 5 (6.9%) 0.01
Thyroid disorders 42 (20.5%) 2 (1.7%) 2 (2.4%) <0.001
Allergic rhinitis 92 (44.9%) 5 (4.2%) 7 (8.2%) <0.001
Gastroesaphagial reflux 66 (32.2%) 19 (16.1%) 5 (5.9%) <0.001
Food allergy 14 (6.8%) 1 (0.8%) 1(1.2%) 0.01
Urticaria 17 (8.3%) 2 (1.7%) 0(0) 0.002
Higher in ACO

Tuberculosis 2 (1%) 2 (1.7%) 6 (7.1%) 0.008
Similar in All Groups

Hypertension 65 (31.7%) 41 (34.7%) 33 (38.8%) >0.05
Bronchiectasis 4 (2%) 3 (2.5%) 4 (4.7%) >0.05
Anxiety 7 (3.4%) 1 (0.8%) 3 (3.55) >0.05
Depression 10 (4.9%) 5 (4.2%) 5 (5.9%) >0.05
ACO and were more severe than in those with Medications

asthma (Table 4). In general, the radiologic findings
in patients with ACO were concordant with COPD.
The most common findings shared by patients with
COPD and ACO were hilar enlargement,
bronchiectasis, emphysema, and bronchial wall
thickening (Table 5).

Disease activity

The number of exacerbations, admission to the ER
due to asthma, and use of systemic corticosteroids
due to asthma in the last year were similar in all
groups. However, patients with ACO were
hospitalized more frequently than those with asthma
and COPD (p= 0.029) (Figure 1). The annual decline
in FEV, was more prominent in the ACO group
(mean= -250 mL) than in the asthma (mean change=
-60 mL) and COPD (mean change= -230 mL) groups
(p= 0.003) (Figure 2).
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Long-acting beta-agonists (LABA), short-acting
anticholinergics, long-acting anticholinergics, and
oral theophyllines were used at similar rates in ACO
and COPD and at lower rates in asthma, whereas the
use of leukotriene receptor antagonists and nasal
corticosteroids were at similar rates in ACO and
asthma, but higher than in COPD. Fixed combination
inhaled corticosteroid (ICS) and LABA use was higher
in patients with asthma (Table 6).

DISCUSSION

The results of this study highlighted that ACO existed
in a significant number of patients with obstructive
airway disease, particularly those with COPD in
tertiary care clinics in our country. The patients with
ACO had childhood exposures similar to both asthma
and COPD. In this sense, childhood risk factors of
ACO were being born in rural origins and exposure
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Table 4. Laboratory evaluation of the study groups

Asthma COPD ACO p
Positive prick test (n, %) 97 (58.1%) 6 (23.1%) 16 (61.5%) 0.003
Total IgE level (kU/L) 221.2 + 367 185.5 + 301 268.4 + 304 >0.05
Eosinophil count (count per mm?) 302.7 + 350 190.7 + 133 322.3 =315 >0.05
Eosinophil (%) 39+5.1 2115 3.7 +44 0.027
FEV, (L) 2.19 + 0.69 1.53 £ 0.66 1.36 £ 0.63 <0.001
FEV, (%) 86.4 +21.4 54.5 £ 20.6 49.5 +17.39 <0.001
FEV,/FVC 74.6 £ 8.9 54 +£11.5 52.8 +10.8 <0.001
Inspiratory capacity 2.5+0.85 2.31+0.93 2.36 = 0.81 >0.05
FRC (L) 2.47 +0.92 42 1.7 4.46 + 1.4 <0.001
FRC (%) 86.32 £ 22.4 141.4 + 42 138 + 36 <0.001
TLC (L) 54+1.12 7+£1.3 6.9+1.3 <0.001
TLC (%) 107.6 £ 18.5 112.8 £21.34 1139+ 16.5 >0.05
Post bronchodilator FEV, (L) 2307 1.6 +£0.7 1.6 £0.6 <0.001
Post bronchodilator FEV, (%) 92.6 + 20.22 57.07 £ 22 59.2 +18.2 <0.001
Post bronchodilator FEV,/FVC 77.5 + 8.7 54.7 +12.9 54.9 +10.5 <0.001
FEV, reversibility (L) 159.5 + 143 86.2 +77.9 293.2 + 168 <0.001
FEV, reversibility (%) 7.6 £6.9 5.04 +£3.76 2218 £ 11.2 <0.001
PaO, (mm Hg) 959 + 3.7 92.08 + 4.6 93.1+5.3 <0.001
PaCO, (mm Hg) 363 +3.4 40.4 + 6.6 40.5 £ 10.1 <0.001
6-minute walk distance (m) 439 + 122.6 401 + 151 439 + 121 >0.05

Table 5. Radiographic features of the study groups

Asthma COPD Overlap p

Chest X-ray

Hyperinflation 18 (9.2%) 72 (61%) 33 (38.8%) <0.001
Bronchiectasis 9 (4.6%) 13 (11%) 10 (11.8%) 0.046
Hilar enlargement 11 (5.6%) 31 (26.3%) 16 (18.8%) <0.001
Computed Tomography of the Thorax

Emphysema 4 (9.5%) 37 (75.5%) 26 (70.3%) <0.001
Bullae 7 (16.7%) 12 (24.5%) 9 (24.3%) >0.05
Pulmonary artery enlargement 0 (0%) 12 (24.5%) 6 (16.2%) 0.003
Bronchial wall thickening 4 (9.55) 26 (53.1%) 13 (35.1%) <0.001
Mosaic perfusion 7 (16.7%) 3 (6.1%) 3 (8.1%) >0.05
Bronchiectasis 9 (29%) 19 (44.2%) 13 (38.2%) >0.05

to biomass during childhood; having pets at home
and childhood pneumonia were risk factors of
COPD, and childhood asthma and allergic rhinitis
were risk factors of asthma. Regarding clinical
features of ACO, there were again similarities to both
asthma and COPD. Patients with ACO had advanced
age and male sex like those with COPD, and atopy

and comorbidities such as chronic sinusitis, nasal
polyps, and NSAID hypersensitivity similar to those
with asthma. The pattern of progressive airway
obstruction in ACO like COPD was obvious in
clinical presentations and pulmonary functions. In
this sense, the degree of airway obstruction was
particularly similar to COPD but higher than in
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Figure 1. Disease activity in the last 12 months in the study groups. Values are given

mean + SD.

*p: 0003 (higher in ACO than in asthma).
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Figure 2. Annual FEV, change pattern in the study groups.

asthma. Annual FEV, decline was also the highest in
ACO among the three groups. Radiologic features
also suggested airway obstruction.

Previous studies have reported population prevalence
rates for ACO between 0.9% and 20% (3-7). This
variability can be explained by differences in the
patient populations studied, diagnostic criteria used,
and methodologies of the studies. A study that was
based on Gene-Environment Interactions in
Respiratory Diseases study data showed an ACO
prevalence of 1.6-4.5% in the adult general population
aged 20-84 years (20). In some previous studies, it
has been found that women were more likely to
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report ACO when compared with men (21,22).
On the other hand, studies performed in certain risk
groups have shown higher prevalence rates. As such,
the COPD Gene study has shown that 13% of
patients with COPD had a diagnosis of ACO (23).
Similarly, ACO prevalence has been reported as
24.3% in severe asthmatics (24). The prevalence of
ACO has not previously been studied systematically
in our country. In a single study performed on 338
patients with asthma, 11% of patients have been
shown to have ACO (25). Our results represent the
first multicentered data in our country. In general,
ACO prevalence was found as 20.8% across the
entire population, particularly higher in the COPD
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Table 6. Medication use for upper and lower airway diseases of the study groups

Medications Asthma COPD ACO p
For Lower Airways

Inhaled corticosteroid (ICS) 39 (19.3%) 31 (26.3%) 3(27.7%) >0.05
Long-acting inhaled beta 2 agonists (LABA) 3 (1.5%) 9 (24.6%) 0 (23.8%) <0.001
Short-acting inhaled beta 2 agonists 113 (55.4%) 6 (55.9%) 8 (45.2%) >0.05
Combination of ICS-LABA 165 (80.9%) 8 (66.1%) 0 (70.6%) 0.009
Short-acting anticholinergics 6 (3%) 9 (33.1%) 3 (15.5%) <0.001
Long-acting anticholinergics 4 (2%) 4 (79.7%) 3 (63.1%) <0.001
Oral theophylline 6 (3%) 6 (13.6%) 8 (21.7%) <0.001
Anti-Leukotrienes 101 (49.8%) 5 (4.2%) 7 (20.2%) <0.001
For Upper Airways

Intranasal corticosteroids 52 (25.6%) 4 (3.4%) 9 (10.7%) <0.001
Oral antihistamines 46 (22.7%) 0 (0%) 7 (8.3%) <0.001

group (33.3%). However, the prevalence of ACO
among asthmatics was lower (9.8%) and comparable
with previous data from our country (5,25). Similar to
previous reports, the prevalence was found to be
related to advanced age in our group (6,26). In
contrast to many trials, the prevalence was higher in
men in our study, which may be explained by the
higher frequency of ACO among patients with COPD
in our study group (10). Considering the high
frequency of ACO in the COPD group (approximately
one in three patients), physicians who follow up with
patients with COPD should be aware of the possibility
of the presence of ACO.

We believe that one of the most important findings of
this study is that childhood risk factors appear to be
relevant for predicting ACO development in at-risk
groups. Briefly, if a patient with asthma or COPD has
particular risk factors during childhood for each
disease, the development of ACO seems to be likely.
In this sense, our data indicated that being born in a
rural area and having exposure to biomass during
early childhood in a patient with COPD were
significant risk factors for the development of ACO in
later life. However, our results also showed that
exposure to environmental tobacco smoke (ETS) was
as high as 60% in all groups regardless of underlying
respiratory diseases. History of childhood asthma
and allergic rhinitis have also been shown to be risk
factors for the development of ACO in adulthood.
Moreover, patients with ACO were reported to have
allergies mostly, like patients with asthma (22,27).
Suggesting this, our study showed that most patients
with ACO had allergies, as demonstrated by positive

skin prick tests. Therefore, atopy should be evaluated
in at-risk patients with COPD, particularly those with
childhood asthma or allergic rhinitis. Morgan et al.
have investigated the prevalence and risk factors of
ACO in a total population of 11.900 patients in low-
middle-income countries (28). The prevalence of
ACO has been reported as 3.8%. Similar to our data,
the authors have found that biomass exposure,
smoking history, and low education levels are risk
factors for having ACO. The rate of ACO among
patients with COPD was high (43.8%), which was
also comparable with our data. Sex features,
spirometric measures, and BMI features were also
similar to our data.

Concerning comorbidities, patients with ACO have
been reported to be more likely to have multiple
comorbidities, including obesity, hypertension, and
gastroesophageal reflux disease in previous studies
(5,29). According to primary care research involving
2165 patients, patients with ACO exhibit common
comorbidities such as diabetes (53%), cardiovascular
disease (36%), hypertension (30%), eczema (23%),
and rhinitis (21%) (5). When compared with the
COPD-only sample, people with ACO are less likely
to have rhinitis and more likely to have chronic renal
disease than those with asthma alone. In our study,
the patients with ACO had a similar rate of chronic
rhinosinusitis, nasal polyps, and NSAID
hypersensitivity, like in asthma, and a similar rate of
ischemic heart disease, like in COPD. Therefore,
patients with either asthma or COPD with such
comorbidities should be carefully reviewed for ACO.
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ACO has been defined as a more severe disease than
asthma alone. Our results supported this in several
ways. First, in our series, the patients with ACO had
severe and progressive symptoms of dyspnea,
phlegm, and dyspnea on exertion, which were
similar to those with COPD and different from those
with asthma. Secondly, pulmonary functions also
showed that these patients had severe airway
obstruction like patients with COPD, but also had
highly variable airway obstruction like in asthma.
Radiologic features mostly showed air trapping,
which was suggestive of airway obstruction. Therefore,
the presence of these clinical findings and suggestive
laboratory results, especially in patients with asthma,
should be regarded as a warning sign for the future
development or the presence of ACO.

Laboratory techniques could provide more detailed
data for the diagnosis of ACO. In previous studies,
patients with ACO were reported to have more
bronchial wall thickness and more air trapping or
emphysema on computed tomography scans of the
thorax (30,31). Our results also provided similar data.

ACO is associated with more progressive loss of
airway function than asthma and COPD alone
(32,33). Importantly, our data showed that the annual
FEV, decline was higher in patients with ACO.
Another study from the United States of America also
suggested that ACO was associated with more severe
asthma and COPD, as well as decreased lung
function compared with COPD or asthma alone (7).
This severe airway obstruction has been associated
with airway inflammation (34). This is possibly the
most important reason why patients with COPD or
asthma should be evaluated for the presence of ACO.
These results, therefore, suggest that awareness about
ACO, particularly in at-risk groups, may be associated
with better management and prevention of the
progression of the disease.

Our study has some strengths and limitations. Given
the large population of the included regions and the
size of the study population, the data obtained
should be considered valid concerning the
documentation of risk groups for the development of
ACO in our country. However, for the evaluation of
FEV, decline, most patients had two measurements a
year apart. It would be preferable to follow the
patients for more than a year. This may be considered
a limitation of our study.
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In conclusion, this study showed that ACO was
common among patients with asthma and especially
among patients with COPD, and was associated with
a more severe degree of airway obstruction and
progressive loss of pulmonary function in comparison
with asthma. Therefore, one should be aware of the
existence of ACO in patients with asthma if they have
advanced age, particularly male subjects, with fixed
airway obstruction and a severe airway, with biomass
exposure during childhood, and if they were raised in
a rural area. Patients with COPD should also be
reviewed for the possibility of ACO if the patient has
atopy, eosinophilia, childhood allergic rhinitis/
asthma, and sinusitis or NSAID hypersensitivity.
Strategies to improve the awareness of physicians
about ACO and its diagnostic criteria should be
regularly implemented and relevant treatment should
be started because it appears to be associated with
progressive loss of pulmonary function. Moreover,
considering high exposure to ETS during childhood
in all groups, strategies to reduce passive exposure,
particularly during childhood, seems to be urgently
necessary for national policies.
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