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Abstract

Asthma and chronic obstructive pulmonary disease (COPD) are the most common chronic respiratory diseases with significant
morbidity in the world. Although these diseases have different characteristics, some patients share symptoms and clinical findings
of both diseases, so-called asthma-COPD overlap syndrome (ACOS). Although there is no gold standard for the diagnosis of ACOS,
it is usually defined as an increased variability of airflow in the respiratory tract. Patients with ACOS are identified with distinct
phenotypes such as the increased reversibility of airflow obstruction, eosinophilic bronchial and systemic inflammation, and the
increased reaction to inhaled corticosteroids compared to COPD patients. The evidence indicates that ACOS patients are likely to
have more dyspnea and cough, more serious symptoms, more hospital admissions, and higher mortality rate. Despite these com-
plex conditions, ACOS patients have been eliminated from clinical trials of asthma and COPD and there is little evidence about their
clinical decisions. The current study was conducted to review the epidemiology, clinical symptoms, diagnosis, and treatment of
ACOS as the first stage of correct diagnosis and appropriate management of this syndrome in databases such as PubMed, Elsevier,
Google Scholar, SID, Magiran, Google search engine, and so on.
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1. Context

Asthma and chronic obstructive pulmonary disease
(COPD) are identified by airflow limitation and chronic
airway inflammation (1-3). Asthma usually has a sudden
onset, alternate symptoms, and an appropriate response
to inhaled treatments and with other allergic disorders.
In contrast, COPD has a gradual onset and gives a weak
response to inhaled treatments, and is associated with
chronic smoking (4). Most physicians are able to discrimi-
nate asthma from COPD, but it is difficult to reach an ulti-
mate diagnosis in some patients due to sharing the char-
acteristics of both diseases (5-7), which is so-called asthma-
COPD overlap syndrome (ACOS) (4). ACOS was introduced
as a syndrome with asthma and COPD characteristics in
both Global Initiative for Asthma (GINA) and Global Initia-
tive for Chronic Obstructive Lung Disease (GOLD) guide-
lines, as well as in clinical practice guidelines in 2014 (8).
ACOS is a tempting syndrome with distinct phenotypes

such as (1) the first diagnosis of COPD with eosinophilic
inflammation, (2) the first diagnosis of asthma with neu-
trophilic inflammation, serious inhalation disorder, and
the history of smoking cigarettes and, (3) the first diagno-
sis of asthma with irreversible obstruction of the airflow
due to structural changes (4). Indeed, it is difficult to iden-
tify the syndrome with such distinct phenotypes and it re-
quires a comprehensive method such as the assessment
of clinical characteristics, spirometry with bronchodilator
test, diagnosis of eosinophilic inflammation, assessment
of lung volumes, carbon monoxide diffusion capacity, and
CT scan (9).

The prevalence of ACOS has been reported differently
in various studies depending on the given definitions of
the disease. However, in current studies, it is estimated to
be 15% to 25% (10-14). The epidemiologic studies indicated
that ACOS is observed more among women. The mean age
of ACOS patients was 64 years that was greater than the
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mean age of asthma patients and lower than that of COPD
patients (15, 16). An Italian study using the spirometry as-
sessment of 1065 patients revealed that almost 11.1% of the
patients had ACOS, 14.9% had asthma, and 19.3% had COPD
(17). In the United States, the same prevalence of ACOS was
reported in the 15.8% of patients admitted to general pul-
monary clinics (14). The prevalence of ACOS has recently
been reported as 3.2% in the United States (15). As ACOS
patients have acute respiratory symptoms and lower life
quality compared to asthma and COPD patients (12-18) and
they have a greater rate of hospital admission and use of
healthcare services (15), it seems necessary to review the
definitions, pathophysiology, epidemiology, clinical symp-
toms, treatment, and diagnosis of this syndrome as the
first step toward the identification and careful, optimal
recognition of the disease and its correct management.

2. Evidence Acquisition

This literature review was conducted using keywords
such as ACOS, asthma, and COPD in Persian databases, i.e.
SID and Magiran, and keywords such as COPD, asthma,
ACOS, clinical characteristics, diagnosis, epidemiology,
pathology, and treatment in the international databases
such as PubMed, Elsevier, and Google Scholar, as well as
Google search engine, without any time limitation. The in-
clusion criteria included published in English or Persian
language, availability of the full-text, having the given ti-
tles or keywords, and relevancy. The exclusion criteria in-
clude not being published in English or Persian, not having
access to the full text of the article, and being irrelevant to
the field of study. With regard to the purpose of the study,
searching in the Persian databases led to no result and the
results were limited to English databases. As a result, 75 rel-
evant articles were collected by meticulous analysis of arti-
cles obtained from the initial extraction.

3. Results

3.1. The Definition of ACOS

There is no worldwide definition for ACOS, but several
studies have attempted to provide a definition for it. Gib-
son and Simpson considered ACOS as the increased vari-
ability of airflow and incomplete reverse of airflow ob-
struction (5). Brzostek and Kokot defined ACOS as a phe-
notype of characteristics of both asthma and COPD (19).
Louie et al. introduced asthma associated with partial re-
versibility of airflow obstruction with emphysema and re-
duction of carbon monoxide diffusion capacity to less than
80% (13). Chung et al. defined this syndrome as FEV1/FVC
< 0.70 and a historical report of wheeze (20). In contrast,

Izquierdo-Alonso et al. introduced it as COPD and provided
a 40-year history of asthma (21). de Marco et al. defined
ACOS as the diagnosis of both asthma and COPD (COPD
diagnosis, emphysema, or chronic bronchitis) (22). In a
retrospective cohort study, Lee et al. considered ACOS as
the initial diagnosis of asthma (bronchodilator reversibil-
ity test with a 12% or 200 mL increase in FEV1 and pos-
itive methacholine/mannitol challenge test) with 0.70 >
FEV1/FVC after prescription of bronchodilator in the initial
assessment and continuous obstruction of airflow after
three months of follow-up (23). In another study, Kauppi et
al. defined this syndrome as sharing the characteristics of
both asthma and COPD based on the GINA and GOLD guide-
lines (12). Menezes et al. considered patients as ACOS when
they had the asthma disease criteria including wheezing at
least for 12 months and a 12% or 200 mL increase in FEV after
prescription of bronchodilator and the doctor’s diagnosis
of both asthma and COPD with 0.70 > FEV1/FVC after pre-
scription of bronchodilator (24). Pleasants et al. defined
ACOS as sharing the diagnosis of both asthma and COPD
(25). Milanese et al. diagnosed patients with ACOS among
those who were above 65 years of age and associated with
the initial diagnosis of asthma based on the GINA guide-
line and chronic respiratory disease with the total diffu-
sion capacity of lower than 80% (7). In contrast, Miravitlles
defined ACOS patients based on 0.70 > FEV/FVC after pre-
scription of bronchodilator with a diagnosis of asthma be-
fore 40 years of age (26). Zeki et al. defined it as two clini-
cal phenotypes: (1) asthma with partial reversibility of air-
flow obstruction with or without emphysema and reduc-
tion of carbon monoxide diffusion capacity to 80% and (2)
COPD with emphysema and partial reversibility of airflow
obstruction with or without environmental allergy (14).

The ACOS definition has also been given in some guide-
lines. According to the Spanish COPD guideline, four phe-
notypes including non-exacerbator with emphysema or
chronic bronchitis, asthma overlapping with COPD, em-
physema, and exacerbator chronic bronchitis have been
introduced (27). This guideline defines ACOS patients
based on major and minor criteria. The major criteria in-
clude a very positive bronchodilator response (a 15% or 400
mL increase in FEV1), sputum eosinophilia, or a previous
history of asthma. The minor criteria include the increase
of total serum IgE and a previous history of atopy or pos-
itive bronchodilator response (a 12% or 200 mL increase
in FEV1). To recognize ACOS, a patient must have two ma-
jor criteria or one major plus two minor criteria (28, 29).
The Czech Republic and Finnish guidelines have also intro-
duced criteria for ACOS. The major diagnostic criteria in
the Czech Republic guideline include a very positive bron-
chodilator response (a 15% or 400 mL increase in FEV1),
a positive bronbronchial test, sputum eosinophilia > 3%
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(FeNO > 45 - 50 ppb), and a previous history of asthma
while the minor criteria include positive bronchodilator
(a 12% or 200 mL increase in FEV1), the increase of total
serum IgE, and a history of atopy (30). The major diagnos-
tic criteria in the Finnish guideline include very positive
bronchodilator (a 15% or 400 mL increase in FEV1), sputum
eosinophilia or the increase of ENO (> 50 ppb), or previous
asthma symptoms (before the age of 40) while the minor
criteria included the increase of total serum IgE, atopy, a
positive bronchodilator response (a 12% or 200 mL increase
in FEV1), or a previous history of asthma (31). According
to the two guidelines, each patient must have two major
criteria or one major plus two minor criteria to be recog-
nized as an ACOS patient. Recent documents of GINA and
GOLD guidelines on ACOS have defined it as a continuous
obstruction of airflow with prominent characteristics of
asthma and COPD (8, 32).

3.2. Pathogenesis and Pathophysiology

Although ACOS pathogenesis is unknown, it is be-
lieved that ACOS more accompanies respiratory tract dis-
eases than COPD alone. In other words, it shares the
symptoms of both asthma and COPD. Pathophysiologi-
cally, COPD is usually identified with inflammation, wall
thickness changes of the small airway, and destruction of
respiratory and terminal bronchioles, leading to emphy-
sematous changes of the lungs (33). The inflammation
process of COPD includes the increase of the number of
CD8 associated with TC1 lymphocytes in smokers. More-
over, the inflammatory airways of COPD patients include
macrophages, T lymphocytes, and dendritic cells (34). Fur-
thermore, the lack of Alpha 1 antitrypsin, the only known
genetic factor of COPD, can cause emphysema pan lobu-
lar and airway changes (35). Asthma is usually identified
with inflammation and changes of both major and mi-
nor airways. Parenchymal changes are rare in asthma and
can be observed in very serious life-threatening cases (36).
The inflammation in asthma induced by eosinophilic and
the production of pro-inflammatory transmitters and ba-
sic proteins lead to the injury of epithelial cells and airway
remodeling. In addition, other cells such as lymphocytes,
mast cells, dendritic cells, and macrophages play roles in
the inflammation process and help it to occur (34). Over-
all, the inflammation process of airways in asthma differs
from that of COPD; in asthma, it is related to eosinophils
activity and Th2 cells while neutrophils play an important
role in COPD. However, recent evidence indicates that most
asthma patients, especially older patients with moderate
to severe symptoms, have significant neutrophils in their
airways whereas more than 30 to 40% of COPD patients
show many eosinophils in both sputum and blood (37).

Christenson et al. through the assessment of small air-
way piles of COPD patients found out that the genomic
nature of asthma including involved genes in the inflam-
matory route of Th2 in the airways of COPD patients was
enriched compared to health and smoker groups. Gener-
ally, COPD patients who had higher expressions of Th2 gene
on bronchial piles indicated greater bronchodilator re-
versibility, greater environmental and tissue eosinophils,
and more desirable responses to inhaled corticosteroids
compared to other patients who did not have this biologi-
cal indicator (38). These biological indicators in COPD pa-
tients’ airways can be used as criteria for the diagnosis of
ACOS.

ACOS patients may show greater airway disorders com-
pared to emphysemic and smoking counterparts. Genetic
specialists with careful assessment of phenotypes of ACOS
and COPD patients discovered that ACOS patients share
more acute inhalator symptoms associated with more re-
currence periods, lower emphysema, and thicker septum
of the airways. Finally, some researchers such as Hardin
et al. with the application of genetic analysis of ACOS pa-
tients came to significant findings of the relationship be-
tween CSMD, SOX, and GPR (39).

3.3. Epidemiology

In different studies, the reported prevalence of ACOS
was dependent on the given definitions for COPD and
asthma, the population sampled, and age groups (8). In a
cross-sectional study with 279 COPD patients, Miravitlles et
al. reported the prevalence of ACOS as 5% (40). In a wider
measurement survey with 3125 COPD patients with the
same criteria, the prevalence of ACOS was reported as 3.9%,
and regarding the previous diagnostic criteria of asthma,
it rose to 15.9% (41). In a retrospective study on 499 COPD
patients, the same prevalence (5%) was indicated among
smoking patients (42). In addition, in Izquierdo-Alonso et
al. study, a 12% prevalence of ACOS was reported among
331 patients who referred to outpatients pulmonary clinics
(21). In a study, Hardin et al. found out that 13% of COPD
patients shared asthma symptoms (43). In the epidemio-
logic studies such as PLATINO in Latin America, the preva-
lence of 81.6% with the criterion of 0.70 > FEV1/FVC after
prescription of bronchodilator and asthma diagnosis was
reported (24). In another epidemiologic study in Spain, re-
garding COPD patients and previous asthma diagnosis (be-
fore the age of 40), the prevalence of 17.4% was observed
among COPD patients (26). Generally, its prevalence has
been reported about 15 to 20% in the cohort studies of re-
search databases of UK, US, and other Italian and Finnish
studies using more than 40-year samples (10, 25, 44).
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3.4. Clinical Symptoms

Generally, ACOS patients have severe respiratory symp-
toms, greater physical problems, and a higher rate of hos-
pital admission compared to asthma and COPD patients
(22, 26, 41, 45). In a cross-sectional study on 8360 patients
(20 to 84-years-old) in four pulmonary clinical centers of
Italy, de Marco et al. divided patients into four groups
of asthma, COPD, ACOS, and NOD based on questionnaire
data. Their research findings revealed that the prevalence
of dyspnea was greater in ACOS patients (39%) than in COPD
(21%) and asthma (9%) groups. Furthermore, they found
that the prevalence of symptoms such as a cough, sputum,
and wheezing was greater in ACOS patients than in COPD
and asthma patients whereas the asthma group showed a
greater prevalence of rhinitis compared to the ACOS group
(22). Brzostek and Kokot conducted a study on 12103 smok-
ing patients (above 40 years of age) to recognize the spe-
cific symptoms of ACOS patients and found that about
68% of the patients had exertional dyspnea associated with
COPD symptoms while another 68% had exertional dysp-
nea with asthma characteristics such as wheezing. More-
over, 72% of the patients had a chronic productive cough
like COPD patients (19). Milanese et al. conducted a descrip-
tive study on pulmonary and allergenic problems among
350 old patients (age > 65) in 16 clinics for six months in
2012 - 2013. 101 patients were identified with ACOS based
on questionnaire data and clinical examinations. They ob-
served that about 84% of the ACOS patients had chronic
bronchitis and the prevalence of dyspnea was significantly
greater among them compared to the asthma group (P >
0.001) (7).

Miravitlles et al. conducted an epidemiologic study on
3885 patients who referred to seven pulmonary caring clin-
ics. 385 patients were identified with COPD and 67 patients
with ACOS. According to their findings, ACOS patients had
more frequent exertional dyspnea compared to COPD pa-
tients (P > 0.001). In addition, wheezing symptoms were
more reported among these patients (P > 0.001). However,
there was no significant difference between the groups in
terms of coughing and sputum production (26). Menezes
et al. in a cross-sectional study of 5044 patients in Latin
America reported the highest prevalence of coughing and
sputum in the ACOS group. 89 patients were identified
with ACOS while other participants were classified into
COPD, asthma, and NOD groups. According to their report,
the asthma group had the highest prevalence of dyspnea (P
> 0.001). Wheezing was observed in all asthma and ACOS
patients and only in 29% of COPD patients (P > 0.001) (24).

In a retrospective study in North Carolina in 2007 -
2009, Pleasants et al. collected data on asthma and COPD
through phone calls and interviews. 24073 people partici-
pated in the study and they were divided into five groups:

Previous asthma, recent asthma, COPD, no obstructive
lung disease (NOD), and ACOS. 807 patients were identified
with ACOS that had more exertional dyspnea and lower
quality of life compared to other groups (25).

3.5. Diagnosis

There is no comprehensive definition for ACOS and it
is known by different names such as overlap syndrome
of asthma and COPD, mixed asthma-COPD phenotype,
asthma combined with COPD, the coexistence of asthma
and COPD, and COPD with asthmatic features (46). In pre-
vious studies, the prevalence of ACOS varies considerably
because it has been diagnosed based on different criteria
(47-50). ACOS is currently a diagnostic challenge for physi-
cians because there are no definite diagnostic criteria to
differentiate it from asthma and COPD (11). Since a single
factor such as a respiratory symptom or a spirometric pa-
rameter is not able to differentiate between asthma, COPD,
and ACOS (51), some major and minor criteria have been
suggested for diagnosing ACOS (40, 42). However, these
diagnostic criteria are not definitive and physicians usu-
ally change diagnosis during follow-up (46). In addition,
the diagnostic criteria of ACOS advocated by GINA/GOLD
are somewhat complicated and there are limited data re-
garding how ACOS patients respond to current medica-
tions (52). Thus, this paper reviews the diagnostic criteria
and biomarkers of ACOS used in previous studies and pro-
pose practical approaches for diagnosing ACOS.

Most studies defined ACOS as a phenotype of COPD.
The most important diagnostic characteristic of ACOS
in the ACOS patients is the appearance of sputum
eosinophilia. The inflammation in asthma patients is
mainly eosinophilic and induced by T lymphocytes and
CD4 while the inflammation in COPD is neutrophilic and
caused by CD8 (53). In addition, in COPD patients, the
increased reversibility is the key in the diagnosis of ACOS
patients. The significant reversibility is one of the COPD
characteristics usually observed in the patients’ clinical
examinations (54). More than 50% of moderate to severe
COPD patients respond well to bronchodilator in the acute
stages (55).

Since the sputum eosinophilia has not been assessed
in clinical practice, other indirect markers of the inflam-
mation, such as nitric oxide and Immunoglobulin E (IgE),
have been considered (56). Chou et al. indicated the higher
levels of nitric oxide in COPD patients and eosinophilia in-
flammation of the airway (3% < sputum eosinophilia) with
ENO of 23.5 ppb, the sensitivity of 61.2%, and specificity of
70.5% for the diagnosis of eosinophilia inflammation (57).

Other plasma and sputum biomarkers have recently
been considered. According to Iwamoto et al., four
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biomarkers of COPD including surfactant protein A (SP-
A), soluble receptor for advanced glycation end prod-
ucts (sRAGE), myeloperoxidase, and neutrophil gelatinase-
associated lipocalin (NGAL) can help in its diagnosis. The
MPO of sputum and SP-A of plasma in asthma patients
show significant rises compared to ACOS patients whereas
only increases NGAL compared to COPD patients (58).
Huang et al. found that inflammatory cytokines such as IL-
4, IL-8, IL-10, and TNF-a are different in asthma, COPD, and
ACOS patients and can be useful in the assessment of these
diseases (59).

The genetic analysis of COPD gene has identified sev-
eral differences associated with ACOS that indicate genetic
risk factors (39). Christenson et al. considered the in-
crease of gene signatures associated with asthma in COPD
patients and characteristics associated with asthma as
eosinophilic inflammation and Th2. They created 100 gene
signatures from Th2-related gene expression. For example,
they discovered that T2S had a good relationship with Th2
and the increase of T2S-related gene expression was indi-
cated in more than 20% of COPD patients. Generally, T2S
is associated with the increase of bronchodilator response
and the decrease of inflammation after treatment with a
bronchodilator (38).

The diagnosis of ACOS should be considered according
to the following criteria (60):

(1) Clinical manifestations of both asthma and COPD.

(2) Persistent airway obstruction, post-bronchodilator,
and FEV1/FVC < 0.7 evaluated in the period of clinical sta-
bility.

(3) A positive response to the bronchodilator test and
an increase in the volume of FEV1≥ 200 mL or≥ 12% from
baseline.

(4) A history of smoking or exposure to biomass com-
bustion.

Clearly defined criteria for the diagnosis of ACOS are
important. ACOS patients probably demonstrate specific
clinical and functional trajectories with more severe dis-
ease and worse prognosis compared to asthma and COPD
patients. For example, ACOS patients have a higher fre-
quency of exacerbations and subsequent hospitalizations,
which result in significantly higher healthcare costs com-
pared to patients with asthma or COPD (61). There are also
indications that ACOS patients display a systemic disease
with inflammation (50, 62) and may have an increased risk
for the development of non-respiratory cancers (63). In ad-
dition, the societal burden affecting daily activities is be-
lieved to be more important in ACOS compared to asthma
or COPD (64). Finally, physicians are able to build a com-
plete picture of the disease and start to think of individual
disease phenotypes and appropriate treatment (46).

3.6. Treatment

There is no obvious treatment for ACOS. In other words,
there is little data about ACOS patients’ responses to most
pharmacological treatments because they have been elim-
inated from clinical trials of both asthma and COPD re-
cently (65). Overall, the treatment must include smoking
cessation, pulmonary rehabilitation, oxygen supplemen-
tation, vaccination, and disease management (34). Accord-
ing to Japanese COPD guidelines, the first-line treatment
for ACOS includes the combination of long-acting beta-
2agonists (LABA) and inhaled corticosteroids (ICS) with-
out consideration of the obstructive levels of the airway
(66). However, Spanish, Czech Republic, and Finnish COPD
guidelines only focus on the prescription of ICS for ACOS
patients (30, 31).

Several studies have been performed to identify the
most effective pharmacological treatments for this syn-
drome. One clinical trial assessed Tiotropium impacts on
472 ACOS patients. In this study, the improvement of lung
function and the decreased use of rescue medications in
treatment with Tiotropium were revealed (24). Some stud-
ies have indicated that COPD patients with eosinophilic in-
flammation, being treated with ICS, had a significant im-
provement in bronchial inflammation and spirometry re-
sults (67, 68). Two clinical trials indicated that the pre-
scription of corticosteroids (oral or inhaled) based on the
intensity of eosinophilia inflammation in COPD patients
could significantly be effective in the prevention of inten-
sive symptoms and improvement of life quality (69, 70).

Moreover, new treatments are developing to decrease
the density of eosinophilia. However, anti-IL5 benral-
izumab led to the decrease of intensive symptoms and im-
provement of FEV1 findings in patients with a high level of
eosinophilia while it did not decrease the intensive symp-
toms in COPD patients with peripheral eosinophilia; how-
ever, further research is strongly recommended (71).

We can refer to theophylline (72), phospodiasteraze4
inhibitors (PDEI) (73), leukotriene modifiers (74), short-
acting and long-acting muscarinic agents (34), and mast
cell stabilizers (75) as other recommended drugs for the
improvement of ACOS.

4. Conclusions

ACOS patients have three clinical characteristics in-
cluding increased pulmonary and systemic eosinophilic
inflammation, increased reversibility of the airflow, and in-
creased response to ICS compared to COPD patients that
help us to identify them. Although ACOS shares both
asthma and COPD symptoms, some clinical characteristics
and prognosis are different among them and they respond
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better to ICS. Generally, these patients show a higher rate of
intensive risk symptoms, a higher rate of hospital admis-
sions, a lower rate of the rapid pulmonary function, and
higher rate of mortality compared to asthma and COPD pa-
tients. Despite the complex conditions and weak progno-
sis of these patients, there is little evidence on their phar-
macological decisions in the literature. However, accord-
ing to a general agreement, inhaled corticosteroids may
be effective in these patients, but there is little evidence
on this case. With regard to very difficult conditions of
ACOS patients, it seems necessary to conduct further clin-
ical trials to recognize the best medical method for these
patients. In addition, it is necessary to use simple and low-
cost markers to recognize ACOS patients quickly and fi-
nally choose the best medical method.
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