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Asthma and COPD appear as a result of different mechanisms triggered by different pathogeneses and
although they present different features and symptoms of airway inflammation and airway obstruction,
there are also cases that present the features of both asthma and COPD. This type of pathology is known
as asthma-COPD overlap syndrome (ACOS). Asthma-COPD overlap is identified in clinical practice by the
features that it shares with both asthma and COPD. This is not a definition, but a description for clinical

use, as asthma-COPD overlap includes several different clinical phenotypes and there are likely to be
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several different underlying mechanisms”. In this paper, the disease that shares several features of both

ACO asthma and COPD will be referred to as asthma-COPD overlap (ACO). In this article, we describe the

Asthma
British hypothesis

pathogenesis of ACO for understanding the mechanism in asthma and COPD overlap.
Copyright © 2018, Japanese Society of Allergology. Production and hosting by Elsevier B.V. This is an open access
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Dutch hypothesis

Introduction

Bronchial asthma (asthma) is defined as follows: “Asthma is a
heterogeneous disease, usually characterized by chronic airway
inflammation. It is defined by the history of respiratory symptoms
such as wheeze, shortness of breath, chest tightness, and cough
that vary over time and in intensity, together with variable expi-
ratory airflow limitation”.! And chronic obstructive pulmonary
disease (COPD) is defined as follows: “Chronic obstructive pulmo-
nary disease (COPD) is a common, preventable and treatable dis-
ease that is characterized by persistent respiratory symptoms and
airflow limitation that is due to airway and/or alveolar abnormal-
ities usually caused by significant exposure to noxious particles or
gases”.”> Asthma and COPD appear as a result of different mecha-
nisms triggered by different pathogeneses and although they pre-
sent different features and symptoms of airway inflammation and
airway obstruction, there are also cases that present the features of
both asthma and COPD. This type of pathology is known as asthma-
COPD overlap syndrome (ACOS). In 2014 the GINA & GOLD Joint
Committee defined it as follows: “Asthma-COPD overlap syndrome
(ACOS) is characterized by persistent airflow limitation with several
features usually associated with asthma and several features usu-
ally associated with COPD. ACOS is therefore identified by the
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features that it shares with both asthma and COPD”.> However,
subsequently for a variety of reasons the term “syndrome” — a term
that is normally used to refer to an idiopathic (in some cases, the
term continues to be used even after the cause is identified) pa-
thology with features in common (e.g. clinical symptoms, test
findings) — came to be considered inappropriate in this context.
Those reasons included the fact that the pathogeneses of asthma
and COPD are not a single phenomenon but rather are formed due
to a variety of mechanisms and the fact that the clinical features are
highly diverse. As a result, it has been recommended that the term
“syndrome” be dropped and that the disease name be changed to
“asthma and COPD overlap (ACO)”. The disease then was described
as follows: “Asthma-COPD overlap (ACO) is characterized by
persistent airflow limitation with several features usually associ-
ated with asthma and several features usually associated with
COPD. Asthma-COPD overlap is therefore identified in clinical
practice by the features that it shares with both asthma and COPD.
This is not a definition, but a description for clinical use, as asthma-
COPD overlap includes several different clinical phenotypes and
there are likely to be several different underlying mechanisms”.! In
this paper, the disease that shares several features of both asthma
and COPD will be referred to as ACO.

History

It was previously known that a disease that shared the features
of both asthma and COPD existed, but it was described using a
variety of names. For example, the American Thoracic Society used
a Venn diagram to identify the existence of a disease with
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overlapping features of emphysema, chronic bronchitis, and
asthma. It described this disease as follows: “Because in many cases
it is virtually impossible to differentiate patients with asthma
whose airflow obstruction does not remit completely from persons
with chronic bronchitis and emphysema who have partially
reversible airflow obstruction with airway hyperreactivity, patients
with unremitting asthma are classified as having COPD (subsets 6, 7
and in Fig. 1)".# Subsequently, interest in such cases increased and
research that analyzed its pathophysiology and clinical features
reached a peak in activity.

Overlapping mechanisms
The overlapping mechanisms hypothesis

Two explanations of the mechanism by which a disease with the
characteristics of both asthma and COPD forms have been pro-
posed: The Dutch Hypothesis and the British Hypothesis.

1) The Dutch Hypothesis

The Dutch Hypothesis was first proposed by the Dutch
researcher Dick Orie in 1961. He hypothesized that “asthma, chronic
bronchitis, and pulmonary emphysema (COPD) is a single disease
(chronic non-specific disease) that occurs as a result of the same
genetic factors (atopic status, promotion of airway hyperreactivity),
and only presents different clinical phenotypes due to different
environmental factors (allergens, smoking, and infections).” This

Chronic

bronchitis Emphysema

COPD

-— Airflow
obstruction

L — — — —

Asthma

Fig. 1. Non-proportional Venn diagram of chronic obstructive pulmonary disease
(COPD) produced by the American Thoracic Society. The subsets comprising COPD are
shaded. Subset areas are not proportional to the actual relative subset sizes. Asthma is
by definition associated with reversible airflow obstruction although, in variant
asthma, special manoeuvres may be necessary to make the obstruction evident. Pa-
tients with asthma whose airflow obstruction is completely reversible (subset 9) are
not considered to have COPD. Because in many cases it is virtually impossible to
differentiate patients with asthma whose airflow obstruction does not remit
completely from persons with chronic bronchitis and emphysema who have partially
reversible airflow obstruction with airway hyperreactivity, patients with unremitting
asthma are classified as having COPD (subsets 6, 7 and 8). Chronic bronchitis and
emphysema with airflow obstruction usually occur together (subset 5), and some
patients may have asthma associated with these two disorders (subset 8). Individuals
with asthma who have been exposed to chronic irritation, as from cigarette smoke,
may develop chronic productive cough, which is a feature of chronic bronchitis (subset
6). Persons with chronic bronchitis and/or emphysema without airflow obstruction
(subsets 1, 2 and 11) are not classified as having COPD. Patients with airway
obstruction due to diseases with known aetiology or specific pathology such as cystic
fibrosis or obliterative bronchiolitis (subset 10) are not included in this definition.

hypothesis was referred to as the Dutch Hypothesis by Fletcher, who
laid the basis for the disease concept of chronic non-specific lung
disease (CNLD).”> According to this hypothesis, an individual with
certain genetic factors presents the clinical phenotype of COPD
when exposed to smoking and the clinical phenotype of asthma
when exposed to allergens. Additionally, there is ACO, which is
characterized by the fact that the patient has features of both COPD
and asthma as a result of having been exposed to both environ-
mental factors and therefore the two cannot be separated (as
described by Orie et al.).

2) The British Hypothesis

The British Hypothesis was first proposed in 1965 by Charles
Fletcher, who described it as “A disease in which asthma and COPD
occur as a result of different mechanisms triggered by different
pathogeneses”.® Unlike the Dutch Hypothesis in which asthma and
COPD are described as being impossible to separate, the British
Hypothesis proposes that ACO is a pathophysiology that has fea-
tures of both asthma and COPD in cases in which factors such as
smoking contribute to asthma and in cases in which factors related
to asthma, including antigen sensitization, contribute to COPD.

The major cause of COPD onset is smoking. However, only
approximately 10%—15% of smokers develop COPD. This is thought to
be due to whether or not the individual has disease susceptibility
genes for smoking and other factors in addition to smoking. Genetic
and other factors identified in smokers who experience major de-
creases in respiratory function over time include airway hyperreac-
tivity, peripheral eosinophilia, and elevated IgE. In addition, it has been
indicated that, in addition to smoking, COPD onset requires genetic
factors such as atopy and promotion of airway hyperreactivity. In
other words, individuals who have these genetic factors will develop
COPD as a result of smoking. In contrast, those who are exposed to
allergens or allergen stimulation will develop bronchial asthma.

As the validity of the Dutch and British hypotheses as regards
the mechanism by which features of both asthma and COPD are
presented simultaneously are still subject to debate, no conclusion
has yet been reached.

Factors that tend to increase the probability of asthma and COPD
overlap

Factors that tend to increase the probability of asthma and COPD
overlap — i.e. risk factors — include atopy and airway hyperreac-
tivity. Promotion of airway hyperreactivity, which is a feature of the
pathophysiology of asthma, is a risk factor for COPD. Pulmonary
hypoplasia, which is greatly affected by the intrauterine environ-
ment and the external environment up to the age of 5 years, is a risk
factor for both asthma and COPD. Thus, in the presence of these risk
factors, the probability of asthma and COPD overlap onset tend to
increase.

1) Airway hyperreactivity

Orie et al. indicated that airway hyperreactivity, which is a ge-
netic condition, is a risk factor that is common to both asthma and
COPD onset. Research outcomes that support this hypothesis are as
follows. A 24-year-long follow-up study of healthy adults that
investigated the relation of airway hyperreactivity to the appear-
ance of symptoms such as coughing, phlegm, difficulty breathing,
and asthma attacks indicated that airway hyperreactivity was a
predictive factor for the appearance of those symptoms. In addition,
airway hyperreactivity is a factor that accelerates decreased pul-
monary function (estimated %FEVg; Fig. 2).

Airway hyperreactivity is regulated by both reversible and irre-
versible factors. The reversible factors include mediators that
accompany airway inflammation and changes in the autonomic
nervous system. Irreversible factors include changes in airway
diameter. The reversible factors are associated with airway
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Fig. 2. Growth pattern of expected FEV;/FVC ratio in boys and girls with and without AHR. Expected FEV/FVC ratio was calculated as the ratio of expected FEV; and expected FVC.

hyperreactivity caused by airway inflammation in cases of asthma.
The irreversible factors are associated with constricted airway
diameter caused by airway remodelling in cases of asthma or con-
stricted airway diameter caused by histopathological changes in
cases of COPD.® It has been reported that in cases of COPD neutro-
philic inflammation is also related to airway hyperreactivity.'” In
general, airway diameter is a regulatory factor for COPD-related
airway hyperreactivity® (Fig. 3), but since airway hyperreactivity is
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Fig. 3. Relationship between air flow obstruction and FEV;, bronchial responsiveness
to methacholine (PCyo, mg/ml). Patients responsive to cold air. The solid line represents
the regression line (r = 0—86, p < 0.001).

related to accelerated pulmonary function decrease, the accelera-
tion may more likely result in obstructive ventilatory defect.
Moreover, atopy has been alternately reported to be a risk factor for
COPD onset and not a risk factor for COPD onset.'°

2) Genetic background

Genetic analysis associated with asthma and COPD onset has
identified several disease susceptibility genes that are common to
both asthma and COPD. In recent years, comprehensive genetic
analysis had led to the identification of disease susceptibility genes
associated with COPD and asthma, and the functions of these genes
are currently in the process of being elucidated.!" Orie sought a
common genetic factor for both atopy and promotion of airway
hyperreactivity, and Orie's hypothesis was confirmed by molecular
functions elucidated by comprehensive analysis of disease sus-
ceptibility genes and molecular biological techniques. What follows
is a description of some of those molecules.

(1) ADAM33 (A Disintegrin and Metalloprotease Domain)

The ADAM gene is a gene that encodes the ADAM (A Disintegrin
and Metalloprotease Domain) family of genes. It suppresses
cell—cell and cell-matrix interactions and is related to a variety of
biological process, including fertilization, muscle development, and
neurogenesis. In recent years, the ADAM gene has been identified
as a gene related to asthma susceptibility and airway hyperreac-
tivity.!”> ADAM33 is expressed in tracheal smooth muscle and
epithelial cells and is involved in airway remodelling. The ADAM33
genotype is related to pulmonary function in infancy, the course of
pulmonary function in cases of bronchial asthma, and the course of
pulmonary function in cases of COPD.'>'4

(2) Orosomucoid like 3(ORMDL3)

ORMDLS3 is present in endoplasmic reticulum (ER) membranes.
It is a membrane protein that contributes to the accumulation of
proteins with folding anomalies or structural anomalies (unfolded
protein) in the ER as a result of intra-and extracellular stimuli that
inhibit protein modification, i.e. a membrane protein involved in ER
stress response. When under ER stress, GRP78/BiP separates, ATF6,
IRE, and PERK are activated, and metalloproteases (MMP-9, ADAM-
8), CC chemokines (CCL-20), CXC chemokines (IL-8, CXCL-10, CXCL-
11), oligoadenylate synthetases (OAS) genes, and SERCA2b are
expressed.””'® Genome-wide association (GWA) analysis has
identified ORMDL3 as a gene that is related to paediatric asthma.'®
ORMDL3 expression is promoted by smoking, antigen stimulus, and
IL-4/IL-13 stimulus.'®
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Table 1
Risk factors for chronic obstructive pulmonary disease that have a role during
different stages of life.

Host factors Childhood exposure

o Family history of COPD o Respiratory tract infection

o Family history of asthma/atopy e Maternal smoking

Genetic constitution Indoor and outdoor pollution
Bronchial hype-responsiveness Obesity/nutritional development
Atopy Childhood asthma

Low lung function Airrway failure to thrive
Prenatal factors Adult exposures

e Maternal smoking e Occupational exposures

e Maternal exposure to air pollution ¢ Indoor biomass exposure
¢ Antibiotic use o Cigarette smoking

e Mode of delivery e Outdoor air pollution

e Preterm birth o Indoor air pollution

e Childhood exposures

Peak FEV,

o] 5 10

T T
15 20 30 40 B0 60 70 80
Age (years)

Fig. 4. Early origins of adult lung disease. In healthy children, continuous growth of the
lungs and thorax throughout childhood results in maximum lung function at around
22 years of age (solid blue line). Subsequently, despite gradual age-related changes,
considerable reserves are maintained into old age unless there is an accelerated rate of
decline (dashed blue line) because of, for example, the effects of smoking. If a child is
born with either suboptimum lung function due to intrauterine insults (red solid line),
or has impaired airway lung and airway growth during the first 5 years of life (dashed
red line) because of early postnatal insults, lung function might remain diminished
throughout childhood. Failure to achieve optimal lung function as a young adult means
that even in the absence of any further insults, such individuals will be prone to
developing symptomatic respiratory disease as they age. Onset of such symptoms can
occur much earlier in the presence of any additional risk factors for accelerated lung
ageing (red dashed line).
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(3) IL-17

IL-17 is produced by Th17 cells that were differentiated and
induced from ThO by TGFp. IL-17 plays an important role in the
onset of neutrophilic inflammation in cases of bronchial asthma
and is involved in matrix metalloproteases (MMP) from macro-
phages in cases of COPD. MMP are related to the formation of COPD
lesions, and the MMP-12 polymorphism is related to the onset of
copp.'®

3) Viral infection

Viral infections during early childhood are risk factors for the
onset of asthma and COPD. As mentioned above, ORMDLS3 is a factor
that increases the likelihood of viral infections during early child-
hood. ORMDL3 is also a risk factor for bronchiolitis caused by
rhinovirus infection and for the onset of asthma.'”

4) Pulmonary hypoplasia

Genetic factors and growth promoting factors influence the
growth of the airway and lungs from the time a child is still in the
uterus until the age of five years, with bronchus and lung growth
continuing until it reaches its maximum level of development at
around the age of 22%° (Fig. 4). Dysfunctional bronchus and lung
growth particularly during the period of time from the fetal period
until the age of five years has an effect on airway and lung growth
during childhood and youth, and this may lead to the so-called
“reduced lung growth” that occurs when the lungs are smaller as
compared to the maximum under normal growth at around the age
of 22. Respiratory function is also reduced as compared to normal
FEV1. Thereafter (i.e. after the age of 22), respiratory function con-
tinues to gradually decline year by year (Fig. 4). The factors that
affect lung growth and respiratory function?' are shown in Table 1.
Impeded growth of the airway and lungs caused by a variety of
factors associated with an early life event — that is, from the fetal
stage to early childhood — of asthma and COPD is related to sub-
sequent onset of asthma and COPD. For example, smoking by the
mother during the child's fetal stage is a risk factor for onset of
paediatric asthma, and paediatric asthma is a risk factor for onset of
COPD.

(1) Lung growth during the fetal stage/early childhood and
respiratory dysfunction

a) During pregnancy

Atmospheric contaminants (benzene concentration, nitric oxide
concentration) during mid-pregnancy is related to respiratory
function at the age of 4 years 6 months, with higher concentrations
leading to reduced respiratory function?? (Fig. 5). This type of res-
piratory dysfunction during early childhood leads to “reduced lung
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Fig. 5. The relation (and 95% confidence levels) of air pollutant levels during the second trimester of pregnancy with FEV; in preschoolers aged 4.5 years. General additive models
adjusted for area of study, child's sex, and child's age, height and weight at assessment and ethnic background, birth weight, maternal social class, maternal education level,
maternal smoking in pregnancy and paternal smoking in pregnancy, environmental tobacco smoke 0—14 months, and lower respiratory tract infections 0—14 months. The symbols

(+) on the X-axis indicate air pollutant observations.
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Fig. 6. Forced expiratory volume in1 s (FEV;) by age according to number of childhood disadvantage factors in (A) men and (B) women (adjusted for smoking and height); in (C)
never smokers and (D) current smokers (adjusted for sex and height); and in (E) non-symptomatic subjects and (F) subjects who had never had asthma (childhood asthma excluded
from childhood disadvantage factors) (adjusted for smoking, sex, and height). The curves were fitted using generalised additive models, based on FEV; measurements from both
ECRHS I and ECRHS II for the age range 26—44 years, only ECRHS I measurements at ages 20—26 years and only ECRHS Il measurements at age 45—56 years.

growth and function” during adulthood, when these concentra-
tions reach their highest levels and is a risk factor for the onset of
COPD.

b) Risk factors during pregnancy and early childhood

A study of the respiratory function of adults aged between 20
and 45 years at the start of the survey and again nine years later
that investigated the relation between risk factors during

pregnancy and early childhood (asthma in the mother, asthma in
both parents, paediatric asthma, smoking by the mother, and res-
piratory infections during early childhood) and the course of res-
piratory function during and after adulthood found that the
number of risk factors during pregnancy and early childhood
influenced decreases in respiratory function during adulthood,
when respiratory function is at its peak, and later in life, regardless
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of sex, smoking, symptoms, and presence or absence of asthma®*
(Fig. 6).

¢) The relation between respiratory function immediately after
birth and respiratory function at age 22

The Tucson Children's Respiratory Study investigated the
changes in respiratory function at ages 11, 16, and 22 after dividing
patients into four groups (High, Medium-high, Medium-low, Low)
based on the respiratory function outcomes at the age of two
months, which reflects the lung and respiratory function during the
fetal stage. The results indicated that respiratory function at the age
of two months was reflected in the respiratory function at the age
of 22 years®* (Fig. 7).

d) Changes in respiratory function from the early childhood
stage to adulthood and thereafter

The CAMP study analyzed the factors that influence and changes
FEV1 in 684 children aged between 5 and 12 years until they reached
adulthood (mean age of 26)> (Fig. 8). The results indicated that
reduced growth was related to factors such as low FEV; at the time of
participation in the study, reduced bronchodilation response,

(B) Reduced Growth

FEV: (liters)
n

O T T T T T T
0 5 10 15 20 25 30
Age (yr)
(D) Reduced Growth, Early Decline
4 -
8 .

FEV: (liters)
n

0 5 10 15 20 25 30
Age (yr)

— - —-- 2b5th percentile

Fig. 8. Average Prebronchodilator FEV; Trajectories for 684 Study Participants According to Pattern Classification, as Compared with FEV; in Persons without Asthma. Values for
prebronchodilator FEV; in the study participants are group averages and are based on robust, locally weighted scatterplot smoothing regression. Also shown are percentiles of FEV
in persons without asthma who were participants in the third National Health and Nutrition Examination Survey (NHANES III) and were matched to our study participants for sex,
race or ethnic group, age, and height at each spirometric session. Panel A shows the average FEV; trajectory for participants classified as having normal lung-function growth
without an early decline (170 participants), Panel B shows the trajectory for participants who had reduced growth without an early decline (160 participants), Panel C shows the
trajectory for participants with normal growth and an early decline (178 participants), and Panel D shows the trajectory for participants who had reduced growth and an early

decline (176 participants).
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promoted airway hyperreactivity, male, and young age at the time of
participation in the study.

e) Asthma status during early childhood and prognosis

The asthma status of children aged 6—7 years was classified into
mild wheezy bronchitis, wheezy bronchiolitis, asthma, or severe
asthma and their respiratory function was surveyed every seven
years until they reached the age of 50 (Melbourne Asthma Cohort).
Their status at the age of 50 was classified as non-asthmatic,
asthma remission, current asthma, or COPD, and the relation be-
tween this status and their respiratory course from early childhood
was investigated (Fig. 9).2° The results indicated that at the age of
50, approximately 50% of the subjects classified as mild wheezy
bronchitis or wheezy bronchiolitis were remitted, but 44% of the
subjects classified as severe asthma were diagnosed with COPD.

(2) Reduced pulmonary function in late adulthood

After airway and lung growth and function reach a peak at
around the age of 22, respiratory function starts to gradually
decline. The factors that influence reduced pulmonary/respiratory
function in cases of smaller than normal lungs that eventually
reached normal growth are shown in Table 1. The degree of
reduction in function affects the progression to airway obstruction
(FEV10 < 70%) in cases of both normal growth and reduced growth.

As can be seen from the above, lung growth from the fetal stage
particularly until the age of 5 years and the environment during
early childhood have a strong relation to the formation of asthma
and COPD pathophysiology. Thus, the mother herself and the
environment during early childhood have an extremely important
effect on lung growth. In addition, genes that are associated with
lung growth, such as HHIP and SOX5, are known to be disease
susceptibility genes for COPD, and epigenetic changes due to the
environmental factors of other genes that regulate lung growth are
also thought to be involved.

The course of overlap

In general, there are cases of asthma in which COPD overlaps —
e.g. “cases with a history of asthma or currently diagnosed with
asthma that have a history of smoking or currently smoke and
present chronic and gradual progressive shortness of breath during
exertion as well as chronic coughing and phlegm” — and cases of
COPD in which asthma overlaps — e.g. “cases with a history of
smoking or current smokers that become sensitized to an inhala-
tion antigen and develop asthma.” As mentioned above, early
childhood asthma is a cause of reduced lung growth and function

due to its effect on lung growth, and in such cases there is a like-
lihood that the individual will develop a pathophysiology that has
features of both asthma and COPD. These, therefore, are issues that
require careful attention in cases that develop the pathophysiology
of ACO.

Conclusion

Epidemiological and clinical research continues to elucidate the
pathophysiology and clinical features of asthma and COPD overlap.
However, a large number of studies do not use a common definition
and are not based on common diagnostic criteria for asthma, COPD,
and ACO. In addition, many cases are undergoing treatment. ACO is
a disease which has both features of asthma and COPD. While
remodelled asthma, COPD and ACO are diagnosed from among
cases of chronic obstructive airway disease that present an FEV; of
under 70% after administration of fast-acting B2 agonist after
differentiated from other diseases, when making such diagnoses, it
is important to understand the pathophysiology of ACO.
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