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ABSTRACT

ARTICLE HISTORY

Introduction: Chronic obstructive pulmonary disease accounts for a large burden of lung disease. It can
‘overlap’ with other respiratory diseases including bronchiectasis, fibrosis and obstructive sleep apnea
(OSA). While COPD alone confers morbidity and mortality, common features with contrasting clinical
outcomes can occur in COPD ‘overlap syndromes’.
Areas covered: Given the large degree of heterogeneity in COPD, individual variation to treatment is
adopted based on its observed phenotype, which in turn overlaps with features of other respiratory disease
states such as asthma. This is coined asthma-COPD overlap syndrome (‘ACOS’). Other examples of such
overlapping clinical states include bronchiectasis-COPD (‘BCOS’), fibrosis-COPD (‘FCOS’) and OSA-COPD
(‘OCOS’). The objective of this review is to highlight similarities and differences between the COPD-overlap
syndromes in terms of risk factors, pathophysiology, diagnosis and potential treatment differences.
Expert commentary: As a consequence of COPD overlap syndromes, a transition from the traditional
‘one size fits all’ treatment approach is necessary. Greater treatment stratification according to clinical
phenotype using a precision medicine approach is now required. In this light, it is important to
recognize and differentiate COPD overlap syndromes as distinct disease states compared to individual
diseases such as asthma, COPD, fibrosis or bronchiectasis.
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1. Introduction
1.1. Overlap syndromes in health and disease
An overlap syndrome is a clinical situation where clinical and/or
laboratory signs of two or more separate disease entities exist in a
single patient. This adds complexities to an accurate diagnosis
which in turn impacts therapeutic choices. Complex endophenotypes may emerge in such settings which are refractory to a
conventional therapeutic approach. Whether overlap syndromes
should be recognized as distinct clinical entities, as opposed to a
mix of two separate disease states is an important and oftendebated question, as treatment of individual symptoms may not
suffice in an overlap patient. In addition to respiratory overlap
syndromes, this concept is evident across different medical disciplines particularly rheumatology; where the overlapping symptoms of connective tissue disorders were among the first
described. In mixed connective tissue disorder (MCTD) for instance,
the signs and symptoms of other conditions including lupus,
scleroderma, and polymyositis may occur, an archetypical example
of medical overlap [1]. Examples from gastroenterology include
overlaps between Gastroesophageal reflux disease (GERD), functional dyspepsia (FD), and irritable bowel syndrome (IBS), while
Primary biliary cirrhosis–autoimmune hepatitis overlap syndrome
(PBC-AIH) is an emerging field for hepatology research [2,3].
In this current review, we focus on respiratory overlap
syndromes, namely the overlaps that occur between COPD,
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asthma, bronchiectasis and OSA. Central to most of the
respiratory overlap syndromes is COPD, a chronic inflammatory disease characterized by persistent airflow obstruction,
accelerated loss of lung function, and irreversible pulmonary
damage (Figure 1). Globally, COPD-related morbidity and
mortality is increasing and the World Health Organization
(WHO) estimates that 5% of all deaths worldwide can be
attributed to COPD [4]. Based on current trajectories, COPD
will be the 3rd leading cause of death internationally by
2030, a rank already reported in the USA and South-East
Asia [4–7]. Interestingly, COPD incidence in Asia remains
highest, three times more prevalent when compared to
other continents [8]. While the primary inciter of COPD is
usually tobacco smoke exposure, other risk factors of emerging importance include air pollution and occupational
exposures [9,10]. Importantly, COPD is a heterogeneous disease often clinically presenting as different phenotypes
some of which are now recognized in ‘overlap’ with asthma,
bronchiectasis, and obstructive sleep apnea (OSA).

1.2. Overlap syndromes in respiratory medicine: ACOS,
BCOS, FCOS, and OCOS
Asthma and COPD are among the commonest respiratory
diseases internationally [11,12]. While both share common
features such as airway inflammation and airflow limitation,
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Figure 1. Non-proportional Venn diagram illustrating the centrality of COPD to the main currently described respiratory overlap syndromes including asthma,
bronchiectasis, fibrosis and obstructive sleep apnea. COPD – chronic obstructive pulmonary disease, OSA – obstructive sleep apnea, ACOS – Asthma-COPD overlap
syndrome, BCOS – Bronchiectasis-COPD overlap syndrome, FCOS – Fibrosis-COPD overlap syndrome and OCOS – OSA-COPD overlap syndrome, HRCT – Highresolution computed tomography.

most agree that they are distinct disease states each with
different etiology, pathophysiology, prognosis, and treatment
response (Figure 1) [13]. This was not always the case: in the
1960s, Orie and colleagues proposed that all airway diseases,
including asthma, emphysema, and chronic bronchitis, should
be considered the single entity of ‘chronic nonspecific lung
disease’ that share common genetic origins – this became
known as the ‘Dutch hypothesis’ [14]. Expectedly, there was
opposition from others who argued that asthma and COPD
were distinctly different diseases with dissimilar causal
mechanisms, the ‘British hypothesis’ [15,16]. The debate persists even over half a century later and to some extent both
hypotheses have merit [16–18]. In recognition of the presence
of both distinctive as well as overlapping features, the term
‘asthma–COPD overlap syndrome’ (ACOS) has emerged to
describe patients with clinical features of both diseases
[11,12]. Both GINA and GOLD guidelines have acknowledged
this and proposed that clinicians should assess for features of
both asthma and COPD and where present, a diagnosis of
ACOS considered. Consequently, early work on ACOS assessed
for asthma symptoms in COPD populations however it is also
important to consider the assessment of COPD in asthmatic
populations, the latter being less commonly sought [19–24].
The true prevalence however of ACOS varies considerably
due to the lack of standardized definitions that has more
recently been addressed [19,25]. There is also substantial variation in the reported mortality in ACOS [26–29] due in large
part to differences in study definitions. ACOS is therefore a
heterogeneous group of disorders; where different subtypes
result in diverse clinical outcomes. This is supported by a large
prospective study that subdivided ACOS into early and lateonset asthma groups. Higher mortality was observed in lateonset asthma-related ACOS compared to that in early onset
asthma [29]. The potential difference in intrapulmonary
pathology, delay in diagnosis, and treatment and potential
contribution of comorbidities in the late-onset asthma group
may account for the worse prognosis. Crucially, patients with

ACOS have been excluded from most clinical trials hence the
evidence base to inform optimal treatment for this specific
group is lacking.
Bronchiectasis is an irreversible structural airway dilatation
identified by high-resolution computed tomography (HRCT).
This contrasts to COPD which is physiologically diagnosed on
the basis of poorly reversible airflow obstruction, degree of
symptoms, and frequency of exacerbations [11,30,31].
Changes in the airway wall are usually milder and more diffuse
in COPD as compared to bronchiectasis where etiology, severity, and airway geometry all play important roles. Despite such
differences, both diseases share common symptoms of dyspnea, chronic productive cough, airflow obstruction, and susceptibility to recurrent exacerbations due to new or persistent
infection. The presence of bronchiectasis in COPD is now
recognized as a potential new phenotype of the COPD state
[11]. The overlapping of these two conditions was first
described by Barker in 2002 and since, prevalence has
increased, now reported in up to 57.6% of COPD patients
[32–37]. High levels of proinflammatory cytokines, lower airway bacterial colonization, and longer symptom recovery time
following exacerbation are described in BCOS [35]. Both severity of detected airflow obstruction and at least one hospital
admission for an exacerbation in the previous year have been
associated with bronchiectasis in moderate to severe COPD
[34]. Intubated intensive care unit (ICU) patients with BCOS
experience longer duration of both ICU and hospital stays,
prolonged mechanical ventilation, and increased risks of ventilator-associated pneumonia however no independent effect
on mortality is clearly described [38]. Recent work however
has described high mortality rates (28.5%) in individuals with
BCOS over a prolonged period of 48 months suggestive of a
poorer prognosis [39]. The geometric and anatomical variation
to the bronchiectasis (tubular, varicose and cystic) described in
BCOS has not been highlighted clearly in existing studies,
however, bronchiectasis in BCOS tends to localize to the
lower lobes, is bilateral and spares central regions [34,35].
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Importantly, a single study did show that tubular patterns of
bronchiectasis were predominant over other types in BCOS
but further work is clearly needed to better understand this
relationship [36]. While existing work in this field is varied and
difficult to compare, it is clear that the mere existence of BCOS
is associated with different clinical manifestations, treatment
responses and prognosis compared to COPD alone, all factors
warranting further work to better understand the BCOS state.
Pulmonary fibrosis is an interstitial lung disease resulting in
scarring. Overlap between the clinical features of pulmonary
fibrosis and COPD (herein referred to as ‘fibrosis-COPD overlap
syndrome’ – FCOS) is supported by emerging evidence linking
the shared features of both conditions to a common underlying pathophysiology [40,41]. While FCOS awaits formal clinical definition, and is less broadly acknowledged in the clinical
literature, it is clear that similarities between both idiopathic
pulmonary fibrosis (IPF) and COPD do exist, and that overlap
represents a potentially overlooked clinical phenomenon
(Figure 1). Indeed, overlap between fibrosis and emphysema
(a common diagnostic feature of COPD) has been given recognition as a newly defined ‘combined pulmonary fibrosis and
emphysema syndrome’ (CPFE) [40]. This likely represents an
important subcategory of FCOS encompassing patients with
distinct features such as loss of alveolar parenchyma and
apparent alveolar senescence, strongly associated with inhalation of noxious agents (most frequently tobacco smoke)
[40,42]. Recent evidence further points to overlap between
underlying factors of disease pathogenesis in patients with
symptoms of FCOS [42]. The most striking of these is telomere
length, reduced in familial IPF, and of shorter length in COPD
versus controls. Consequently, the senescence hypothesis has
emerged for both COPD and IPF, highlighting similarities
between the conditions in terms of premature lung aging.
Notably, dysregulation of pathways governing parenchymal
tissue development and remodeling, including NOTCH and
Wingless-related integration site (WNT), are implicated in
both IPF and COPD pointing to a common endotype likely of
relevance for the FCOS-state [42].
Arising from intermittent collapse of the upper airway consequently resulting in reduced or absent inspiratory airflow, OSA
is characterized by obstructive sleep respiratory events (apneas,
hypopneas, and arousals), signs of disrupted sleep and daytime
symptoms of poor sleep [43]. Patients with COPD also suffer
from poor sleep quality primarily due to nocturnal coughing and
breathlessness that hinders sleep initiation and maintenance
[44]. The association of COPD with OSA, first described by
Flenley, identifies patients with overlap to have greater degrees
of nocturnal hypoxemia and hypercapnia when compared to
patients with COPD or OSA in isolation [45]. Subsequent studies
have further shown that daytime oxygen desaturations, hypercapnia and a reduced quality of life are greater in an OSA-COPD
overlap versus COPD alone [46–48]. Patients with overlap
untreated with continuous positive airway pressure (CPAP)
appear to have higher all-cause mortality [49,50]. This is likely
due to cardiopulmonary complications such as pulmonary
hypertension and cardiac arrhythmias arising from prolonged
and profound hypoxemia [51,52]. Clearly, OSA-COPD overlap
syndrome (herein referred to as OCOS) represents an emerging
disease group that requires attention and detailed study.
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2. The challenges of COPD-overlap syndromes for
scientists, clinicians, and patients
The emergence of COPD-overlap syndromes has posed particular, unique, and differing challenges for scientists, clinicians,
and patients (Table 1). The major challenge for scientists in
dissecting COPD-overlap syndromes lies in the ill-defined nature of these conditions. A more precise robust classification is
critical from a research perspective as an inaccurate diagnosis
can complicate cohort selection and confound data interpretation from clinical studies. The overlap patient is often overlooked by study exclusion criteria and as such, patients
suffering from COPD-overlap syndromes have been less studied owing to clinical study design [19,53–55]. The classification of patients into a given disease category may be overly
simplistic because of the heterogeneous clinical phenotypes
observed in routine practice [56]. Therefore, an identification
of distinct reproducible patient biomarkers that can satisfactorily discriminate patient groups remains the holy grail of
scientific efforts dedicated to an improved understanding of
COPD-overlap syndromes. Notwithstanding this and its associated major challenges, promising results from unsupervised
clustering approaches involving proteomic and transcriptomic
data from patient sputum samples have emerged in the context of asthma [57]. While the importance of the microbiome
in predicting outcomes in COPD, asthma, bronchiectasis and
IPF has been documented, a key challenge for future researchers is to distil from such molecularly rich information a more
granular clinician-friendly patient stratification system and
thus provide scope for targeted precision medicine
approaches for COPD-overlap syndromes [58–62].
Table 1. (a) Summary of the major challenges encountered in the
clinical care and research of patients with COPD-overlap syndromes
(b) prevalence rates of COPD-overlap syndromes from the existing
literature base.
a

Challenges for clinicians and scientists when
evaluating COPD – overlap syndromes
•
•
•
•
•
•

Lack of standard diagnostic criteria
Variations in definition
Heterogeneous phenotypes
Patients routinely excluded from clinical
trials
Complex physiological changes
Higher morbidity and mortality

Effects

Diagnosis

Therapy
b

COPD – overlap Syndromes
ACOS
BCOS
FCOS
OCOS

Prevalence rate
1.8–27.4% [20,21,23,63,64]
4–57.6% [33,36,65–67]
Unknown
9.2% [46]
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Overlap syndromes pose several diagnostic and therapeutic challenges for the clinicians involved. The consensus
definition for ACOS is relatively new and the lack of standardization in the past has limited a rigorous discussion of
diagnosis, prevalence, pathophysiology, treatment, and outcomes [19]. Additionally, a high index of suspicion is
required for diagnosis and the monitoring of disease progression in ACOS. Therapeutic response is also more difficult
to monitor due to complexities associated with physiologic
variability in an overlap setting. For instance, detecting a
preserved or slightly reduced lung volume does not rule out
the presence of fibrosis in a patient with COPD or emphysema. Similarly in patients with fibrosis, forced vital capacity
(FVC) and diffusing capacity of the lungs for carbon monoxide (DLCO) measurements, used to monitor disease progression or therapeutic response are different in CPFE
patients who tend to exhibit delays in the reduction of
FVC and DLCO reducing their utility as surrogate markers
for disease progression [68,69]. Serial FVC changes similarly
lack prognostic significance in CPFE unlike other types of
pulmonary fibrosis, and the rate of FEV1 decline is rather the
strongest predictor of mortality in CPFE. Despite this, DLCO
declines are important as they herald the development or
progression of pulmonary hypertension, a feature commonly
encountered in CPFE [68,70]. Patients with overlap syndromes have higher morbidity and mortality. Patients with
ACOS have more frequent exacerbations, greater lung function decline, higher healthcare utilization, and greater economic burden compared to those with asthma or COPD
alone [28,29,71]. However, conflicting results do exist, some
of which report no significant differences [27,72,73]. This
could be explained by smaller patient number, shorter duration of follow up, and importantly differences in ACOS definition. Patients with OCOS illustrate more severe
hypercapnia and pulmonary hypertension versus sleep
apnea–hypopnea syndrome or COPD alone [74]. BCOS is
associated with increased mortality especially in the setting
of reduced FEV1 [75,76]. Compared to COPD, BCOS is twice
more likely to have exacerbations, four times more likely to
isolate potentially pathogenic microorganisms, and also
more likely to have severe airway obstruction and higher
mortality [77].
Patients with overlap syndromes themselves face unique
challenges. Delays in diagnosis can sometimes occur because
of the contrasting opinions from specialists. This results in
both anxiety and potentially extra costs due to additional
investigations and specialist visits. Specifically, ACOS patients
have higher mortality rates [28,29], more frequent exacerbations, healthcare utilization, and economic burden.
Importantly, one must be cautious in the interpretation of
the causal relationship between overlap and cost, given that
patients with higher healthcare utilization may have increased
opportunity for diagnosis leading to bias [78–84]. In this light,
the parameters by which ACOS is defined also merit careful
consideration when trying to quantify healthcare burden [19].
In addition to these increased challenges, patients also experience for unknown reasons higher risks of pulmonary embolism and tuberculosis [85,86]. OCOS patients have greater
sleep disturbance, nocturnal desaturation, higher Epworth

sleepiness scores, lower total sleep time and efficiency, higher
arousal, and poorer sleep quality [46,87]. Resting and exertional hypoxemia are more common in FCOS translating to
greater symptomatology and poorer 6-minute walk distances
as compared to smokers without interstitial lung abnormalities
[40,88]. Patients with COPD-overlap syndromes are generally
excluded from clinical trials and consequently do not benefit
from newer drugs or available interventions which, in turn, has
been one reason for the lack of tangible progress in our
understanding of these recognized syndromes.

3. The epidemiology of COPD-overlap syndromes
Some key issues must be considered in the interpretation of
epidemiological studies addressing COPD-overlap syndromes.
First, the definitions of such overlap syndromes need greater
clarity as currently no clear consensus exists on what specifically constitutes an overlap syndrome. An operational definition has recently been proposed [19] based on three major
criteria and at least one minor criterion (Table 2), but this
awaits wider adoption by future studies. Second, epidemiological studies addressing this field are heterogeneous particularly in their methodology and specifically case definitions. For
example, in the case of ACOS, most studies have employed
use of physician diagnoses, claims data, self-reported diagnosis or questionnaires, and few base their case definitions on
spirometry. Even in cases of the latter, diverse pulmonary
function criteria have been employed to diagnose ACOS.
ACOS itself may also comprise of multiple phenotypes, for
example, asthma preceding COPD, or COPD preceding
asthma, or both diagnosed at the same time.
Epidemiological work addressing ACOS also differs based on
the population that forms the denominator, for instance
whether it is an entire population, or a base population of
COPD or asthma patients. There are further variations in the
origin of the population being studied and whether this originates from primary or secondary care. Different case definitions therefore generate different prevalence estimates. The
PLATINO study is a multicenter population-based study of
ACOS where COPD was defined as post bronchodilator FEV1/
FVC <0.7 and asthma was defined as wheezing or having a
significant bronchodilator response (>12% and >200 ml) [89].
Table 2. Criteria for diagnosis of asthma-COPD overlap syndrome.
3 major criteria
Either one minor criteria
• ≥40-years old
• Recorded history of atopy or allergic
• Persistent airflow limitation (postrhinitis
bronchodilator FEV1/FVC <0.70 or
lower limit of normal)
Note: Preference using lower limit of
normal
• ≥10 pack-years of tobacco smoking • Bronchodilator response of
OR equivalent indoor or outdoor air
FEV1 ≥ 200 mL and 12% from
pollution exposure (e.g. biomass)
baseline values from ≥2 visits
• Recorded history of asthma before • Eosinophil count of ≥300 cells/µL in
40-years old
peripheral blood.
OR
Bronchodilator response of >400 mL
in FEV1
FEV1: forced expiratory volume in the 1st second; FVC: forced vital capacity; bronchodilator response using 400 µg of albuterol/salbutamol (or equivalent) [19].
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ACOS prevalence was 1.8% (Table 1). A Spanish EPI-SCAN
study, whose study met the proposed definition of ACOS
[19], found that 17.4% of patients with spirometry-defined
COPD had a prior asthma diagnosis [23]. Studies by Golpe
et al.found the prevalence of ACOS to be different where
they assessed COPD caused by the effects of tobacco smoke
versus that from biomass exposure (5% vs. 21.3%, respectively)
[21]. Reported prevalence of ACOS ranges from 6.5% to 13%
[63,64]. As compared to prevalence data derived from COPD
populations, studies to determine ACOS prevalence using
asthmatic populations are far less common. In a primary care
setting, asthma patients with no prior reported history of
COPD, but who were current or ex-smokers illustrated a high
ACOS prevalence of 27.4% [20]. It should be noted that cohort
studies of asthma or COPD patients are also enriched patient
populations and therefore vulnerable to selection bias. This
could account for the interstudy discrepancies in prevalence
estimates of ACOS, in contrast to random sampling methods
of population-based epidemiological work.
Less is known about the prevalence of BCOS, attributable at
least in large part to a lack of uniform definition. Whether
bronchiectasis and COPD are interrelated or independent entities that develop concurrently remains unclear, for example
traction bronchiectasis cannot strictly be termed BCOS
because of the interdependence of one process on the
other. Wide varying prevalence rates of BCOS are reported
(Table 1). In the ECLIPSE study, a longitudinal, observational,
multinational COPD cohort, only 4% had radiological evidence
of bronchiectasis as adjudicated by two independent radiologists [33]. In a separate primary care cohort of n = 110 patients
who received an initial diagnosis of acute exacerbation of
COPD, 29% had HRCT evidence of coexisting bronchiectasis
[36]. Importantly, 12.3% of this cohort did not have spirometric evidence of airflow limitation and 5% of these patients
received a final diagnosis of chronic asthma. A similar retrospective study found that 69% of those admitted for the first
time with a diagnosis of COPD exacerbation had radiological
evidence of bronchiectasis [65]. Interestingly, in Asian COPD
studies, up to 50% have been documented to have BCOS most
likely because of the high population prevalence of postinfectious bronchiectasis [66,67].
The prevalence of OCOS is difficult to estimate (Table 1).
Sleep disordered breathing occurs secondary to COPD itself
and hence definitions require clarity and specificity. Early studies that reported a strong overlap between OSA and COPD
suffered from selection bias because such patients were
already referred to a sleep clinic at the time of data collection.
The most significant study to estimate the prevalence of
OCOS, the Sleep Heart Health Study, found no difference in
the prevalence of OSA among patients with and without an
FEV1/FVC ratio <0.7. This applied spirometry-based criterion
encompasses a broader group of obstructive lung disease
rather than specifically COPD per se, and the study population
importantly consisted solely of individuals with relatively mild
obstruction [46]. A European community population-based
study reported that only 1% of the total population and
9.2% of those with OSA, confirmed on polysomnography,
had COPD based on spirometry. While COPD was frequently
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detectable in OSA patients in the general population, those
with overlap had a more severe course of sleep-disordered
breathing suggestive of the disadvantageous effects from
overlap between the two clinical states [46].
FCOS has been described more specifically as CPFE, with
upper lobe emphysema coupled to lower lobe fibrosis and
honeycombing [40]. The precise prevalence is unknown
(Table 1) and almost all patients with CPFE have a smoking
history, a mutual risk factor for both IPF and emphysema.
Interestingly, connective tissue disease has also been
described as a major risk factor suggestive of an autoimmune
component to its etiology [90].

4. What predisposes to COPD-overlap syndromes?
Shared risk factors coupled to common pathways of pathogenesis predispose particular individuals toward the development
of certain COPD-overlap syndromes. Once widely regarded as
having distinct inflammatory patterns, more recent work has
demonstrated several common inflammatory pathways in both
asthma and COPD. Asthmatic patients with late-onset disease
or a positive smoking history can exhibit COPD-associated characteristics such as airway neutrophilia, abundance of macrophages, high CD8 counts and airway epithelial remodeling
[91–93]. Conversely, a subset of COPD patients may demonstrate a Th2-type eosinophilic inflammatory profile, a traditional
asthma characteristic [94,95]. It however remains to be elucidated whether such inflammatory pathways translate and can
explain some of the overlapping features of ACOS. Bronchial
hyperresponsiveness, a recognized asthmatic feature, is in part
driven by eosinophilic inflammation and predicts a greater rate
of FEV1 decline in early COPD [96]. In long-standing and more
severe asthma, structural factors such as fixed airway obstruction are detectable due to a loss of reversibility, decreased lung
elastic recoil, and the development of microscopic centrilobular
emphysema [97]. Such pathophysiologic mechanisms occur in
the absence of smoking and predispose to clinical features
similar to that observed in COPD (Figure 2). Several risk factors
are recognized in the pathogenesis of ACOS. Smoking promotes airway inflammation, increases bronchial hyperresponsiveness, and confers steroid resistance [93,98,99]. Over the long
term, smoking accelerates lung function decline and increases
respiratory symptoms [100]. Recent population-based work has
detected that high level exposures to air pollution increases the
risk of developing ACOS in an asthmatic cohort independent of
smoking [101]. While allergic phenotypes are well recognized in
asthma, up to 30% of COPD sufferers demonstrate aeroallergen
sensitization [102]. The presence of such allergic sensitization in
COPD is independently associated with worse respiratory symptoms and more exacerbations [102,103].
Chronic airway inflammation, genetics, and environmental
influence all have important and independent roles in the
pathogenesis of both bronchiectasis and COPD. The inflammatory response, in both cases, involves neutrophils, macrophages, and CD8+ T cells, which are responsible for
attenuating airway damage [104]. In bronchiectasis, pathology
is largely attributed to recurring infection and inflammation
that leads to neutrophil proteinase extravasation.
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Predisposition

COPD-Overlap
syndrome

Th-2 & eosinophilic
inflammation[94-96]

ACOS

Chronic infection &
colonization[105-112]

BCOS

Complications
↑Exacerbations
↑Healthcare utilization
[28-29,71]

Severe airflow obstruction
Severe exacerbations
↑Hospitalization
↑Mortality
[75-77]

COPD
Accelerated &
abnormal biological
lung aging [42, 125]

FCOS

↑Symptoms
↓6MWT
↑PHT
↑Hypoxemia
[40,68,70,88,162,173]

Upper airway
resistance &
obesity[136]

OCOS

↑Hypoxemia
↑Hypercapnia
↓QOL
↑Mortality
↑PHT
[45-52]

Figure 2. Predisposing risk factors and their associated complications in the development of the various COPD-overlap syndromes. COPD – chronic obstructive
pulmonary disease, OSA – obstructive sleep apnea, ACOS – Asthma-COPD overlap syndrome, BCOS – Bronchiectasis-COPD overlap syndrome, FCOS – Fibrosis-COPD
overlap syndrome, OCOS – OSA-COPD overlap syndrome, ↑ – increased, ↓ – decreased, 6MWT – 6 min walk test, PHT – Pulmonary hypertension and QOL – Quality
of life.

Consequently, bronchial damage ensues impairing host
defenses and permitting further bacterial colonization and
dilatation which in turn incites the process again [105]. Risk
factors for COPD include cigarette smoking; exposure to
indoor air pollution, occupational risks, and recurrent childhood lower respiratory tract infections [106]. Whilst some have
suggested that outdoor air pollution and COPD are linked,
large prospective epidemiological studies are required before
causality can be established. Inhalation of noxious aerosols
leads to mucociliary dysfunction and loss of tight junctions
between airway epithelia consequently resulting in inflammation, bacterial colonization, and subsequent exacerbations.
This repeated cycle of chronic infection and inflammation
leads to microbe persistence that causes further tissue
damage and airway remodeling (Figure 2). Pseudomonas aeruginosa is a key gram-negative organism of importance in
both bronchiectasis and COPD. It is associated with disease
severity: up to one-third of patients with bronchiectasis are
colonized while it may be recovered from up to 20% of COPD
airways conferring more exacerbations and worse prognosis
[107–112]. The role of P. aeruginosa in the context of BCOS has
yet to be elucidated [34,109]. Alpha-1 antitrypsin (AAT) deficiency (AATD) is a known genetic risk factor for COPD. The
prevalence of COPD in AATD ranges from 1% to 4.5% in the
homozygous PI*ZZ phenotype and 17.8% in heterozygous
PI*MZ phenotype [113]. Importantly there are considerable
discrepancies in pulmonary function abnormalities and the
development of COPD in AATD, suggesting involvement of
other risk factors such as cigarette smoking and environmental
exposures. AATD is detectable in bronchiectasis however
BCOS has not been specifically examined [114–117]. A significant association between emphysema and bronchiectasis
caused by AATD has been described, suggestive that bronchiectasis could be a consequence of emphysema [114].
Importantly, some patients with bronchiectasis do not

demonstrate obvious emphysema and the precise mechanisms driving bronchiectasis in the context of COPD remain ill
defined. AATD patients with an element of reversibility also
appear to have poorer prognosis suggestive of the key influence conferred when an overlap pattern exists [118]. Detailed
and well-designed future studies targeting mechanisms to
better understand the pathogenesis of BCOS are clearly
warranted.
Smoking has deleterious effects on both COPD and IPF
[11,119]. Both conditions increase with age and have a male
preponderance [24,40,120–122]. Despite the distinctive nature
of both conditions, striking similarities exist. Both diseases
occur later in life [24,120] with episodes of exacerbation punctuating their clinical course [123,124]. Deposition of collagen
and the existence of fibrosis (small airways in COPD and the
lung parenchyma in IPF) coexist in the setting of FCOS. It has
therefore been hypothesized that an accelerated biological
lung aging or abnormal aging process predisposes individuals
to either or both diseases concurrently resulting in FCOS
(Figure 2) [42,125]. Mechanisms underlying FCOS remain
poorly characterized however several factors, common to
both diseases, likely play key roles that include smokinginduced oxidative stress [126,127], telomere length abnormalities or mutation [128–135], accelerated cellular and immunosenescence [122], and altered anti-aging molecular and
extracellular matrix markers such as klotho and sirtuins [125].
Clearly, much is still to be done and remains unknown within
the FCOS field.
The pathogenesis of OCOS is multifactorial. Mechanical
factors predispose and play a significant and more prominent
role in OCOS as compared to other overlap pathologies. Upper
airways resistance is accentuated in both COPD and OSA such
that a longer time constant is required for lung emptying
(Figure 2) [136]. Lung hyperinflation produces diaphragmatic
flattening and decreases its efficiency for generating sufficient
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inspiratory force. A greater reliance on accessory inspiratory
muscles increases both the work and oxygen requirements for
breathing [136]. During rapid eye movement (REM) sleep, a
decreased accessory muscle tone further compromises a
patient’s ability to maintain ventilation. Obesity, commonly
associated with both OSA and the ‘blue-bloater’ COPD clinical
phenotype, can further exacerbate upper airway obstruction,
respiratory muscle weakness, and chest wall restriction [137].
Overall, more sustained and excessive hypoxemia and hypercapnia develop [87]. Consequently, hypoxemia predisposes to
increased sympathetic activity and a higher frequency of cardiac dysrhythmias [138,139]. Pulmonary hypertension is also
more pronounced and develops in the presence of factors
such as airflow obstruction, hypoventilation, hypoxemia, and
obesity [51,87,140]. Increased right ventricular hypertrophy
and remodeling with resultant right heart failure have been
demonstrated in OCOS patients [52]. Systemic inflammation
also contributes to OCOS. Elevated C-reactive protein (CRP),
interleukins-6 (IL-6) and -8 (IL-8), and tumor necrosis factoralpha (TNF-α) have all been found in OCOS patients and may
be associated with cardiovascular disease [141–144]. In
response to hypoxemia and smoking, oxidative stress leads
to increased reactive oxygen species (ROS) production and
resultant pulmonary vascular endothelial damage, an important vascular consequence of the overlap state [145].
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COPD-overlap syndromes and therefore permit a more refined
patient stratification.
In tandem, the gut microbiome has also been implicated in
disease pathogenesis via a gut-lung axis. This has been evaluated in asthma and work continues in other chronic respiratory disease settings making the gut microbiome a potentially
key biomarker for lung disease including that in overlap syndromes [150]. Other sites, such as the oral cavity, may also
prove important. For instance, it has been shown that the oral
microbiome is significantly altered on exposure to cigarette
smoke – a major risk factor for COPD – and that infiltration of
these oral microbiota into the lung leads to increased inflammation [153]. Such metagenomic studies build on our knowledge base of associations between microbiome status and
adverse clinical outcomes in lung diseases such as COPD
where the presence of specific organisms can trigger acute
exacerbations in addition to perpetuating immune responses
during chronic colonization. As the pathogenesis likely proceeds along several microbiome axes, an analysis of the microbiome at multiple body sites may ultimately provide the most
informative picture. In addition, sampling of the patient’s
environment such as the home using metagenomic sequencing technologies may also be useful in terms of identifying
known allergens such as fungi, contributing to disease pathogenesis in overlap syndromes [154]. Geographic variability in
the respiratory human microbiome is another consideration as

5. The microbiome in COPD-overlap syndromes
Host–microbe interactions are important drivers of respiratory
disease, with the presence of pathogenic organisms often
serving as prognostic markers for disease progression [146].
Respiratory pathogens such as Pseudomonas aeruginosa can
precipitate exacerbation and predict poorer clinical outcomes
in bronchiectasis and COPD while stronger evidence surrounds the role of viral infection in the pathogenesis of IPF
[146,147]. In asthma, infection by common respiratory viruses
is often associated with exacerbations, while bacteria and
even fungi are associated with severe forms of disease such
as severe asthma with fungal sensitization (SAFS) [93,148].
As well as recognizing specific pathogenic organisms, a
growing appreciation exists for the role of the microbiome in
human disease, laying the foundations for the development of
novel diagnostic and therapeutic approaches [149]. This is
becoming evident in respiratory medicine, where the composition of the microbiome (and perturbations therein) clearly
play an important role in respiratory infections, and is now
also implicated in asthma and COPD [122,150,151]. The pathogenesis of COPD, asthma, bronchiectasis, and IPF has been
subjected to lung-microbiome studies, with likely implication
for the detection and management of COPD-overlap syndromes. Microbiome analysis has revealed the healthy lung
to be predominated by bacterial genera including
Pseudomonas, Streptococcus, Prevotella and Fusobacterium as
well as Haemophilus, Veillonella, and Porphyromonas [152].
Changes in composition, bacterial load or the presence of
specific pathobiont species within the microbiome may
accompany chronic lung conditions including COPD, asthma,
bronchiectasis, and IPF [58,59,61,150]. It follows that specific
changes may also predict subcategories of disease including

Table 3. Summary of the diagnostic criteria and treatment approach for the
various COPD-overlap syndromes.
COPDoverlap
syndrome
Diagnosis
ACOS
• GINA and GOLD guidelines
[11,12]
• Persistent airflow limitation
with several features
associated with both asthma
and COPD [11,12]
BCOS
• History of exposure to inciting
agents e.g. tobacco smoke,
post-tuberculosis,
immunodeficiency, etc. [34,53]
• Severe fixed airflow
obstruction [34,53]

FCOS

OCOS

Treatment
• Commence standard asthma
treatment [11,12]
• Inhaled corticosteroid
followed by a long acting
bronchodilator (LABA/LAMA)
[11,12]
• Antibiotics for airway
infection and exacerbations
[38]

• Inhaled corticosteroids and
bronchodilator therapy
[38,161]
• CT abnormalities suggestive of • Role of long-term macrolide
bronchiectasis e.g. signet ring, therapy requires further
tubular, varicose, cystic [34,53] study [161]
• CPFE → upper lobe
• Oxygen therapy [162]
emphysema with lower lobe
fibrosis [40]
• Antifibrotic agents (e.g.
pirfenidone and nintedanib)
require further evaluation
[54,163]
• Corticosteroid and
immunosuppressive therapy
useful in CTD-related FCOS
[90]
• OSA → AHI>5 with symptoms • CPAP [49,50]
or AHI>15 and COPD [164]

CT: computed tomography, CPFE: combined pulmonary fibrosis and emphysema, OSA: obstructive sleep apnea, COPD: chronic obstructive pulmonary
disease, – GINA: Global Initiative for Asthma, GOLD: Global Initiative for
Chronic Obstructive Lung Disease and AHI: Apnea–Hypopnea Index, LABA:
long-acting beta adrenoceptor agonists, LAMA: long-acting muscarinic receptor antagonists and CPAP: continuous positive airway pressure.
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results must be interpreted in the context of regional and
population-specific microbiome signatures that vary considerably [155].

6. The diagnosis and management of COPD-overlap
syndromes
6.1. Asthma-COPD overlap syndrome (ACOS)
GINA and GOLD guidelines focused on asthma and COPD,
respectively, outline a description of ACOS as an ‘asthmaCOPD overlap syndrome (ACOS) characterized by persistent
airflow limitation with several features usually associated with
asthma and several features usually associated with COPD
(Table 3). ACOS is therefore identified by the features that it
shares with both asthma and COPD.’ The key variables to
consider for diagnosis include age of onset, pattern and time
course of symptoms, personal or family history of atopy, variable or persistent airflow limitation, symptomatic lung function change, and the presence of hyperinflation on chest
radiography [11,12,156,157]. More recently, a group of global
experts agreed a consensus definition of ACOS that includes
the presence of all three major criteria and at least one minor
criterion for ACOS (Table 2) [19]. As opposed to traditional
clinically driven phenotypes, ACOS may be better defined by
biological tools, such as fractional exhaled nitric oxide (FENO)
and/or blood eosinophils. Three recent studies have found
FENO to be a potential surrogate biomarker for identification
of patients with ACOS [158–160]. Patients with ACOS differing
by study definition had significantly higher FENO levels than
those with COPD alone. In addition, blood eosinophils were
also ascribed as a potential biomarker in a Japanese COPD
cohort [158] with a blood eosinophil count of ≥300 cells/µL as
a minor criteria in the recent consensus definition
(Table 2) [19].
The presence of different ACOS phenotypes, such as eosinophilic, neutrophilic, asthma in smokers or nonsmokers
exposed to biomass has been suggested by Bateman et al.
[165] while Barnes challenges the term ‘syndrome,’ referring to
it as misleading because it encompasses these particular phenotypes under a single umbrella (e.g. COPD and eosinophilic
inflammation, smoking asthmatics or those with severe disease and predominantly neutrophilic inflammation, and
patients with asthma and irreversible airway obstruction due
to structural change). He importantly proposes that it may be
better to use asthma-COPD overlap (ACO), rather than ACOS
to describe this clinical state [166]. Clearly, the concept of
ACOS or ACO is evolving and further work including unbiased
phenotyping studies of broad populations with chronic airways disease may prove useful for identifying ACOS phenotypes. ACOS patients have greater comorbidities (such as
allergic rhinitis, anxiety, GERD, and osteoporosis) compared
to COPD alone and the presence of cardiovascular diseases
in ACOS patients is associated with hospitalization in a single
study [167].
According to GINA guidelines, if syndromic assessment is
equally balanced between asthma and COPD in ACOS, then
treatment should be commenced as it would for asthma alone
with low or moderate doses of ICS followed by the addition of

a long-acting β-agonist (LABA) and/or long-acting muscarinic
antagonists (LAMA) (Table 3). Critically, a lack of comprehensive therapeutic trial data persists in ACOS, except for a single
study comparing the efficacy of once-daily fluticasone furoate/
vilanterole (FF/VI) with twice-daily fluticasone propionate/salmeterol (FP/SAL) [168]. This 12-week, randomized, open-label
cross-over trial studied 16 patients and described a significant
FEV1 improvement after four weeks of FF/VI treatment compared to the run-in period. Importantly, however other
assessed parameters including FeNO levels, CAT scores, ACT
scores, and other blood tests were not significantly different
over the same period.
Of note, however, regular use of ICS in ACOS is associated
with an increased risk of pneumonia especially in those with
severe COPD [11]. A recent study suggests that omalizumab
improves asthma control and health-related quality of life in
individuals with severe allergic asthma and overlapping COPD.
These findings provide the first real-world efficacy data for this
patient population and suggest that omalizumab may be
useful in the management of severe asthma with COPD overlap [169]. Despite the existing evidence base, much work
remains to better understand the optimal methods for both
the diagnosis and the effective treatment of ACOS.

6.2. Bronchiectasis-COPD overlap syndrome (BCOS)
This syndrome is a particular clinical challenge to diagnose, as
both conditions present with cough, sputum production,
repeated exacerbations, and dyspnea [11,31,170]. Obstructive
airflow physiology is required for a COPD diagnosis but this
may not be always be present in bronchiectasis. As a suppurative structural lung disease, bronchiectasis is largely dependent on radiological evidence to detect features of airway
dilatation, lack of peripheral airway tapering and cystic or
varicose airway change. This is in contrast to COPD, where
airway wall changes are more subtle, manifesting as generalized and mild thickening. It is therefore proposed that BCOS
should have the following diagnostic features: history of exposure to inciting agents such as tobacco smoke, severe fixed
airflow obstruction and airway wall CT abnormalities (Table 3)
[34,53]. Microbiological investigations are useful in this particular overlap syndrome as the detection of colonization or
infection by organisms such as P. aeruginosa may portend
greater pulmonary function decline, more frequent exacerbations and higher mortality [146,171]. The optimal management of BCOS requires further work although antibiotics
should certainly be considered if airway infection with P.
aeruginosa is detected due to the higher risks of pneumonia
and hospitalizations associated with this BCOS subgroup [38].
However, the route of administration and duration of such
antibiotic therapy remain uncertain [53]. Long-term macrolide
therapy for anti-inflammatory and antimicrobial effects may
also reduce infectious bronchiectasis exacerbations, although
the risk of antibiotic resistance is presumably high but remains
uncertain (Table 3) [161]. Treatment options targeted at COPD,
including inhaled corticosteroids and bronchodilators, may be
indicated in BCOS particularly if patients frequently
exacerbate.
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6.3. Fibrosis-COPD overlap syndrome
FCOS has male preponderance, and symptoms of exertional
dyspnea and cough are its most common presentation [90].
The radiological appearance is distinct with features of upper
lobe emphysema and lower lobe fibrosis, traction bronchiectasis and honeycombing [40]. Due to the combined effects of
pulmonary fibrosis and emphysema on pulmonary function,
FCOS is characterized by normal to reduced lung volumes
with disproportionately low oxygen saturation and severely
reduced diffusion capacity (Table 3) [41,90,172]. Associations
with connective tissue disease (CTD) are described and a CTD
assessment should be performed in all cases [90]. Evaluation
for pulmonary arterial hypertension (PAH) should be pursued
due to its higher incidence in FCOS patients [173]. To date, no
established treatment regime exists for FCOS. The deleterious
effects of smoking on COPD and IPF are recognized and
smoking cessation is therefore recommended [119]. In the
presence of significant hypoxemia and pulmonary hypertension, oxygen therapy should be prescribed based on its benefits demonstrated in COPD [162]. The role of corticosteroids
and immunosuppression remains unclear but may be a therapeutic option in CTD-related FCOS [90]. Newer antifibrotic
agents such as pirfenidone and nintedanib have recently been
approved for the treatment of IPF however their role in FCOS
requires dedicated evaluation and clinical study [54,163].
Despite a poor prognosis, there is currently insufficient evidence to recommend the use of pulmonary hypertension
specific therapies in the setting of FCOS (Table 3) [174].

6.4. OSA-COPD overlap syndrome (OCOS)
Typically, OSA is defined as an Apnea-Hypopnea Index (AHI) of
5 or greater with associated symptoms (e.g. excessive daytime
sleepiness, fatigue, or impaired cognition) or an AHI of 15 or
greater, regardless of symptoms [164]. Generally, a high index
of clinical suspicion is required to both consider and diagnose
OCOS (Table 3). The presence of hypoxemia, hypercapnia, and
pulmonary hypertension that is out of proportion to severity
of either disease should prompt further assessment for the
other disorder [175]. CPAP is the first-line treatment for OCOS
(Table 3). Two large observational cohort studies have demonstrated its mortality benefit in this setting when compared to
medical therapy alone [49,50]. Interestingly, CPAP-treated
OCOS patients were less likely to have severe COPD exacerbations requiring hospitalization [49]. In stable chronically hypercapnic COPD patients, the use of bi-level positive airway
pressure (BIPAP) is preferred to CPAP. This therapy targets a
reduction of hypercapnia and improved survival particularly in
GOLD stage IV COPD [176]. Importantly, no controlled studies
have been performed in an OCOS population therefore limiting the evidence base available for clinicians.

7. Expert commentary
COPD-overlap syndromes are clearly emerging as a major
challenge in respiratory medicine. Affecting clinicians, allied
health professionals, scientists and most of all patients, the
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forthcoming decade will undoubtedly reveal novel features
of these disease overlaps with the potential for paradigm
shift in our understanding of pulmonary health and disease
trajectory. Only time will tell whether these overlap syndromes truly represent separate disease entities to the traditional classification of individual respiratory disease states
such as asthma or COPD. What is more likely however is
that they are mixed phenotypes, a combination of one or
more established disease entities in a single individual.
There are several important challenges and opportunities
for both clinicians and scientists as this field evolves. An
improved clinical and molecular phenotyping method is
required to better stratify these challenging patient cohorts
and understand disease pathogenesis, one that could be
addressed with a systems biology approach and the use of
emerging ‘omics’ technologies including genomics, metabolomics and proteomics. We must however be extremely cautious
that our increasing recognition of COPD-overlap syndromes in
clinical practice does not simply result in greater patient
‘labeling.’ It is critical that this improved endophenotyping of
overlapping respiratory disease states translates to better
patient management and facilitates the practice of precision
medicine. One potential method by which this may occur is to
focus on risk factors or co-morbidities unique to each ‘overlapping’ COPD-related state creating a management plan that
is both patient and situation specific [177]. To better understand the clinical course and improve diagnostic and subsequently therapeutics for COPD-overlap syndromes, we must
consider (a) challenges that currently exist for recruitment into
both clinical trials and molecular studies, where to date most
overlap patients have largely been excluded and (b) how to
interpret results from large cohort studies where COPD-overlap syndromes may be present or have not been assessed for.
Clearer guidelines based on definitions of these overlap states
are now necessary to aid clinicians better identify and subsequently stratify these challenging patients with mixed pathologies. This work has already commenced for ACOS but is
similarly necessary for other COPD-overlap states [19]. For
instance, consensus is required in FCOS to determine what
percentage or pattern of fibrosis constitutes an overlap syndrome and what does not. In BCOS, what is the role of dry
bronchiectasis if clinical criteria to determine its existence are
based on clinical symptoms such as cough productive of
purulent sputum and how is this differentiated from chronic
bronchitis? These are critical, difficult but key challenges that
must be addressed if we are to make progress in better
understanding COPD-overlap syndromes and more importantly pathogenic mechanisms common to a variety of respiratory disease states.

8. Five-year view
It is now clear that in addition to genetic predisposition and
environmental influences, that many other factors such as the
host microbiome play a role in both the development and
progression of a variety of respiratory pathologies (Figure 3).
How such factors influence COPD-overlap syndromes are yet
to be elucidated and future work should focus on this area.
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syndrome (BCOS), fibrosis-COPD overlap syndrome (FCOS)
and OSA-COPD overlap syndrome (OCOS)
● COPD-overlap syndromes represent distinct and unique
challenges for clinicians, scientists and patients
● A need for clear evidence-based approaches to diagnosis
and treatment (including the development of guidelines)
are now necessary for COPD-overlap syndromes to aid
clinicians and scientists better identify, stratify and research
this challenging patient group
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