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Background: Patients with features of both asthma and chronic obstructive pulmonary
disease (COPD) are seen commonly in the clinic but less is known in the general
population. We investigated the prevalence and the heterogeneity of COPD with
concomitant features of asthma in Chinese adult population.

Methods: COPD was defined as post-bronchodilator ratio of forced expiratory volume
in 1s (FEV4) to forced vital capacity of less than the lower limits of normal. COPD with
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concomitant features of asthma was defined as either COPD with asthma diagnosed by
self-reported physician-diagnosis or by presence of current wheeze, or as COPD with
high bronchodilator response (HBR) defined as an increase in FEV¢{ >15% and >400ml
after bronchodilator.

Results: COPD with concomitant features of asthma was found in 1.62% (95% CI 1.31-
2.00) of adults (=20 years) orin 15.2% (95% Cl 13.0-17.7) of COPD patients. Compared
with COPD with HBR, COPD with asthma diagnosis or wheeze were older (61.8 + 1.1
years vs. 47.4 + 2.8 years, P < 0.001), and with a lower post-bronchodilator FEV4 %pred
(68.2 + 2.3 vs. 96.6 + 3.4, P < 0.001). Age, smoking status, biomass use and allergic
rhinitis were associated with increasing prevalence of COPD with asthma diagnosis or
wheeze, and had greater impaired health status, more comorbidities and more acute
exacerbations in the preceding 12 months.

Conclusions: COPD with concomitant features of asthma is common in people with
COPD and those with COPD with asthma diagnosis or wheeze experience worse clinical
severity than COPD with HBR. These findings will help toward the definition of the
asthma-COPD overlap condition.

Keywords: asthma, bronchodilator response, chronic obstructive pulmonary disease, general population, wheeze

INTRODUCTION

Chronic  obstructive pulmonary disease (COPD) is a
heterogeneous disease that is characterized by persistent
respiratory symptoms and airflow limitation (1). 384 million
adults worldwide have prevalent COPD and 3.2 million deaths
were estimated to be due to COPD in 2015 (2). In China, COPD
is reported in ~100 million of the adult population (3), and was
the third leading cause of disability-adjusted life-years (DALYs)
in 2017 (4). Between 15 and 55% of patients with COPD have
some features of asthma with the proportion increasing with age
(5, 6), a group that has been named previously as the asthma-
COPD overlap (ACO) (6). These ACO patients represent a subset
of COPD patients that had a poorer quality of life, a more rapid
decline in pulmonary function, and a higher risk of exacerbation,
compared to those with COPD alone (5, 6). However, these data
have generally been obtained from hospital-based typical COPD
patients, who were usually smokers and characterized by more
severe disease and by those older than 40 years. In these studies,
asthma was diagnosed from a previous physician-diagnosis of
asthma or the occurrence of current asthma symptoms, such
as wheezing. On the other hand, bronchial reversibility to a
p-adrenergic agonist bronchodilator has been used as a typical
trait of asthma, but its use to support an asthma diagnosis in
ACO has been limited (7).

Previous studies have indicated that COPD is becoming more
prevalent among young adults or never smokers (3, 8). In
addition, the prevalence of COPD with concomitant features of
asthma and its heterogeneity in the general population has not
been reported previously.

To address these knowledge gaps, we used data from
the national cross-sectional China Pulmonary Health (CPH)
study, where COPD was defined by spirometric measurements

(1), while asthma-like features were defined either as a
previous physician-diagnosed asthma or with the presence of
wheezing in the preceding 12 months, or by the presence of
high bronchodilator responsiveness (HBR). Because this was
a population-based study, we estimated the prevalence and
examined the heterogeneity of COPD with concomitant features
of asthma across the whole adult age range of over 20 years old.

METHODS
Study Design and Population

The CPH study enrolled a nationally-representative sample
of 57,779 adults aged 20 years or older in China between
June 2012 and May 2015 and its study design and sampling
methodology have been previously described (3). A multi-stage
stratified cluster sampling procedure was utilized, which took
into consideration geographic region, degree of urbanization,
economic development status, and the sex and age distribution
derived from the 2010 China census data (9). Briefly, in
Stage one, we selected ten provinces, autonomous regions and
municipalities (only regions below 1,500 meters of altitude
were included), which represented the socioeconomic statuses
and lifestyles of six major geographical regions in China. We
randomly selected a large city, a midsize city, an economically-
developed county, and an underdeveloped county from each
province or autonomous region in Stage two. We randomly
selected two urban districts from every city and two rural
townships from every county in Stage three. We further
randomly selected two urban residential communities or rural
village communities (about 1,000-2,000 households) from the
urban districts or rural townships, respectively in Stage four.
Finally, we randomly selected individuals aged 20 years or
older from the selected communities stratified by sex and age
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distribution based on the 2010 China census data. We selected
only one participant from every household, without replacement.
Temporary residents (living in their current residence <1 year);
those who were physically incapable of taking a spirometry test;
those admitted to hospital for any cardiac condition in the past
3 months, or with treated tuberculosis; or women who were
pregnant or breastfeeding were excluded.

The questionnaire used in the CPH study was a revised form
of the international BOLD study (10) and incorporated parts
of questionnaires from the European Community Respiratory
Health Survey (ECRHS) (11), the Allergic Rhinitis and its Impact
on Asthma questionnaire (12), and the 12-item Short Form
Health Survey (SF-12) (13). Trained interviewers administered
the questionnaire with the aim of obtaining information
regarding demographic characteristics, medical history, parental
history of respiratory disease, and risk factors. Blood cell count
data were also collected.

The study protocol was approved by the ethics committees
of the Capital Medical University (Beijing, China) and all other
participating institutes. Written informed consent was obtained
from all participants.

Lung Function Measurements

Trained and certified technicians carried out pulmonary function
tests before or after bronchodilator inhalation (salbutamol 400
pg) on all participants using a MasterScreen Pneumo PC
spirometer (CareFusion, Yorba Linda, CA, USA) according to
a standard protocol (14). We did daily calibration with a 3L
syringe. Participants were required to do up to eight forced
expiratory maneuvers until FVC and FEV; were reproducible
within 150 mL. We administered a bronchodilator (salbutamol
400 pg) by inhalation through a 500 mL spacer and repeated
spirometry 20 min later, using the same criteria. Test results
were stored in the spirometer and downloaded them daily to a
central computer system. All the spirometric data were reviewed
centrally by an expert panel on the basis of the criteria of the
American Thoracic Society and European Respiratory Society
(14). Poor-quality data were excluded.

Definitions of COPD, Asthma and HBR

We defined COPD as a post-bronchodilator forced expiratory
volume in one second (FEV) to forced vital capacity (FVC) ratio
of less than lower limits of normal (LLN) (1), using Chinese
reference values to define airflow limitation (15). We defined
asthma based on self-reported asthma diagnosis by a physician
or by wheeze symptom in the preceding 12 months, which has
been widely used in large-scale epidemiological studies (2, 16,
17). HBR was defined as an increase in FEV; of >15% and
>400 ml from baseline value, measured 20 min after inhalation
of salbutamol (400 pg) (18).

COPD with concomitant features of asthma was defined as
COPD with asthma or with HBR. Therefore, we defined 3 types of
COPD with concomitant features of asthma (Figure 1): (i) COPD
with asthma only (ii) COPD with HBR only and (iii) COPD with
both asthma and HBR. Finally, those COPD subjects without
concomitant features of asthma were defined as ‘pure COPD’.

The definitions of ever-smoker, biomass use, exposure to
ambient particulate matter with a diameter <2.5pum (PM2.5),
occupational exposure and allergic rhinitis have been previously
reported (3).

Statistical Analysis

All calculations were weighted to represent the general adult
population aged 20 years or older in China, according to the 2010
population census (9). A technique appropriate for the complex
survey design, the Taylor series linearization method, was used
to calculate standard errors (SEs) (19). We used all participants
for whom the variables of interest were available, and we did not
impute missing data.

Characteristics of participants were compared across different
groups using ANOVA or t-test for continuous variables and by
¥’ test for categorical variables. The trend of prevalence by co-
variables was tested using Cochrane-Armitage test. We examined
the association between risk factors and different subtypes of
COPD with concomitant features of asthma by multivariable
logistic regression analyses.

All statistical analyses were performed with SUDAAN
(Version 11.0; Research Triangle Institute, Research Triangle
Park, NC) and SAS 9.4 (SAS Institute Inc., Cary, NC).

RESULTS

Prevalence of COPD With Concomitant

Features of Asthma

The final analysis included 50,991 subjects (21,446 men and
29,545 women) who completed the questionnaire survey and
provided reliable pulmonary function tests before and after
a bronchodilator. Of the 5,402 COPD patients, 863 with
concomitant features of asthma were identified with a prevalence
of 1.62% (95% CI 1.31-2.00). The prevalence for COPD with
asthma only, COPD with HBR only, COPD with both asthma
and HBR were 1.08% (95% CI 0.83-1.40), 0.45% (95% CI 0.30—
0.68), and 0.09% (95% CI 0.05-0.15), respectively (Figure 1).
The group of COPD with concomitant features of asthma
consisted of 630 (66.7 %) with COPD with asthma only, 181
(27.8%) as COPD with HBR only, and 52 (5.5%) as COPD with
both asthma and HBR. Compared with pure COPD, overall
COPD people with concomitant features of asthma were older
(57.1 years vs. 51.7 years, P < 0.001), showed a higher blood
eosinophil percentage (3.3 vs. 2.7%, P = 0.015), had reduced
lung function and impaired health status as measured by the
SE-12 questionnaire, were more frequently treated with inhaled
corticosteroids, inhaled bronchodilators and aminophylline, and
experienced more exacerbations of respiratory symptoms in the
preceding 12 months (P <0.05 for all) (Table 1).

The prevalence of overall COPD with concomitant features
of asthma increased with age from 0.57% (95% CI 0.42-0.79) in
individuals aged 20 to 39 years to 4.64% (95% CI 3.50-6.13) in
those aged 60 years or older. Its prevalence was higher in ever-
smokers compared to never-smokers (2.61 vs. 1.27%, P = 0.003).
Similarly, the prevalence of overall COPD with concomitant
features of asthma increased in those who used biomass fuel (2.25
vs. 1.44%, P =0.016), as well as in those with allergic rhinitis (2.95
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FIGURE 1 | Venn diagram of weighted population prevalence of asthma, COPD, and HBR. Definition of abbreviations: COPD, chronic obstructive pulmonary disease;
HBR, high bronchodilator responsiveness; LLN, lower limit of normal. Asthma was defined as physician-diagnosed asthma and/or wheeze in the preceding 12
months. COPD was defined as post-bronchodilator FEV1/FVC of less than LLN. HBR was defined as an increase in FEV4 of more than 15% and more than 400 ml
from baseline, 20 min after bronchodilator with 400 g salbutamol. COPD with concomitant features of asthma was defined as COPD with asthma or with HBR.

COPD
«—— 5402 (10.6%)

General Population
50991

vs. 1.62%, P = 0.001). The effect of age, smoking status, biomass
use, occupational exposure and allergic rhinitis on the prevalence
was also observed in those with COPD with asthma only, but
not in those with COPD with HBR only, with the exception of
smoking status (Table 2).

The age-specific and age-standardized prevalence of COPD
with concomitant features of asthma in the ever-smoker is
showed in Supplementary Table 1. The prevalence of COPD
with concomitant features of asthma in ever-smoker aged > 40
was 4.12% (95% CI 3.06-5.52).

Distribution of Asthma Features in COPD

The proportion of overall COPD with concomitant features of
asthma in COPD was 15.2% (95% CI 13.0-17.7), and it increased
with age, from 9.8% (95% CI 6.7-14.2) in COPD people aged
20 to 39 years to 20.4% (95% CI 16.6-24.8) in those aged
60 years or older. Similarly, the proportion increased with the
increasing severity of COPD, from 12.4% (95% CI 9.4-16.2) in
GOLD stagel to 27.5% (95% CI 16.1-42.8) in GOLD stage IV
(Table 3). Among the COPD group, proportion of COPD with
asthma only was 10.1% (95% CI 8.1-12.7), COPD with HBR
only was 4.3% (95% CI 2.9-6.1) and COPD with both asthma
and HBR was 0.8% (95% CI 0.5-1.4). The proportion of these
three subtypes did not differ in sex distribution or smoking
status. However, the proportion of COPD with asthma increased

with age (P < 0.001) and with decreasing lung function (P =
0.002), whereas the proportion of COPD with HBR decreased
with age (P = 0.001) and with severity of lung dysfunction (P <
0.001) in the entire COPD population (Table 3). The distribution
of asthma features in ever-smokers with COPD is shown in
Supplementary Table 2. And among ever-smokers with COPD
aged >40 years, overall COPD with asthma was 16.8% (95%
CI 12.9-21.6) with the proportion of COPD with asthma only
was 12.0% (95% CI 8.5-16.7).

Risk Factors for COPD With Features of
Asthma

In the multivariate-adjusted analysis, the effects of age, smoking
status, biomass use and allergic rhinitis on prevalence were also
observed in overall COPD people with concomitant features
of asthma and COPD with asthma only (P < 0.05 for all),
but not in those with COPD with HBR only. However,
PM2.5 exposure was a risk factor in those with COPD with
HBR (P < 0.01) (Figure 2).

Subtypes of COPD With Concomitant
Features of Asthma

In contrast to COPD with HBR only, those with COPD and
asthma only were older (61.8 £ 1.1 vs. 474 £+ 28, P <
0.001), had a lower lung function (P < 0.001), and more
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TABLE 1 | Risk factors and clinical characteristics of COPD with concomitant features of asthma and pure COPD.

COPD Overall COPD with Pure COPD P-value
(n = 5,402) concomitant features of (n = 4,539)
asthma
(n = 863)

Men, % 3,200 (65.8%) 505 (64.5%) 2,695 (66.0%) 0.793
Age, years 52.5(1.5) 57.1(1.4) 51.7 (1.6) <0.001
Body mass index, 23.5(0.2) 23.3(0.2) 23.6 (0.2) 0.236
kg/m?
Ever smoker*, % 2,518 (48.8%) 431 (50.8%) 2,087 (48.5%) 0.686
Biomass use, % 1,810 (38.3%) 334 (41.5%) 1,476 (37.8%) 0.188
Annual mean PM2.5 72.7(4.1) 72.2(4.0) 72.7(4.1) 0.750
exposure (Lg/m?°)
Occupational 1,461 (31.2%) 290 (31.5%) 1,171 (31.2%) 0.953
exposured, %
Allergic rhinitis 567 (13.2%) 170 (17.7%) 397 (12.4%) 0.097
Eosinophil percentage 2.8(0.1) 3.3(0.9) 2.7 (0.1) 0.015
in peripheral blood (%)
Lung function
Post-BD FEV1/FVC, % 63.4 (0.6) 58.5(1.1) 64.3 (0.6) <0.001
Post-BD FEV+1% pred 83.1 (1.5) 76.4 (2.7) 84.3 (1.5) 0.002
Short form (SF)-12 scores
PCS scores 50.7 (0.5) 46.0 (0.6) 51.5(0.5) <0.001
MCS scores 53.9 (0.4) 51.7 (0.5) 54.3 (0.4) <0.001
Comorbidities
Hypertension 535 (9.6%) 124 (13.2%) 411 (8.8%) 0.238
Coronary heart disease 130 (2.7%) 55 (4.8%) 75 (2.2%) 0.061
Diabetes 151 (2.0%) 31 (3.8%) 120 (1.6%) 0.333
Medication usage
Inhaled corticosteroid 100 (3.9%) 75 (10.6%) 25 (0.6%) 0.010
Inhaled bronchodilator 146 (5.9%) 122 (156.3%) 24 (1.2%) 0.004
Aminophyliine 166 (19.0%) 141 (21.4%) 25 (7.1%) 0.004
Systemic corticosteroid 85 (10.3%) 71 (11.1%) 14 (6.5%) 0.175
Exacerbation of respiratory symptoms in the preceding 12 months
Emergency, % 269 (4.3%) 181 (18.8%) 88 (1.6%) <0.001
Hospital admission, % 145 (2.5%) 101 (10.7%) 44 (1.0%) <0.001

Values are weighted and shown as number (%) or mean (SE). FEV, forced expiratory volume in 1second; FVC, forced vital capacity; MCS, mental component summary; PCS, physical
component summary; PM2.5, ambient particulate matter with a diameter <2.5 um.

*Ever smoker was defined as having smoked equal to or >100 cigarettes in his/her lifetime.

8Occupational exposure was defined as exposed to gas, smoke, chemical vapors or fumes in work above 3 months in his/her lifetime.

impaired health state as measured by the PCS of the SF-12
questionnaire (43.3 vs. 52.1, P < 0.001) than COPD and HBR
only. Compared with COPD and HBR only, COPD and asthma
only had more comorbidities, including hypertension (15.6 vs.
4.1%, P = 0.024) and coronary heart disease (6.3 vs. 1.1%, P
= 0.002). Among COPD and asthma only, 24.7% reported at
least one emergency room visit and 13.4% reported at least
one hospital admission in the preceding 12 months due to
an exacerbation of respiratory symptoms, compared to 0.1%
and 0.02% among COPD and HBR only, respectively (P <
0.001 for all) (Table 4); similar results were also observed in
the ever-smokers with COPD people with features of asthma
(Supplementary Table 3). Interestingly, compared with the pure
COPD, COPD with HBR only had fewer emergency visits and

hospital admissions in the preceding 12 months in the entire
population (Supplementary Table4) or in the ever-smokers
(Supplementary Table 5).

DISCUSSION

In this large survey of a nationally-representative sample of
Chinese adults, we report that 1.62% of the Chinese adult
population had COPD with concomitant features of asthma,
representing 15.2% of people with COPD. 66.7% of those
consisted of COPD with asthma only, while only 27.8% had
COPD with HBR. Thus, COPD with asthma had a greater
clinical severity than COPD with HBR in terms of greater
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TABLE 2 | Age-specific and age-standardized prevalence of COPD with concomitant features of asthma in the general adult population.

Overall COPD with

COPD with asthma only

COPD with HBR only

COPD with both asthma

concomitant features of (n = 630) (n =181) and HBR

asthma (n=52)

(n =863)
Age (years)
20-39 0.57 (0.42,0.79) 0.14 (0.07, 0.32) 0.40 (0.26, 0.63) 0.03 (0.01, 0.10)
40-59 1.42 (1.00, 2.01) 0.82 (0.60, 1.14) 0.43(0.24, 0.79) 0.16 (0.08, 0.33)
>60 4.64 (3.50, 6.13) 3.95 (2.96, 5.25) 0.62 (0.30, 1.28) 0.07 (0.02, 0.23)
P-value for trend <0.001 <0.001 0.304 0.371
Sex
Men 2.28 (1.66, 3.13) 1.50 (1.13, 2.00) 0.65 (0.37, 1.14) 0.13(0.07, 0.24)
Women 1.21(0.88, 1.68) 0.89 (0.57, 1.40) 0.27 (0.17,0.44) 0.05 (0.02, 0.12)
P-value for trend 0.026 0.059 0.054 0.097
Body mass index, kg/m?
<18.5 2.67 (1.73, 4.09) 2.33(1.49, 3.62) 0.34 (0.09, 1.25) 0.01(0.00, 0.07)
18.5-24.9 1.80 (1.47, 2.20) 1.23(0.96, 1.59) 0.49(0.32,0.77) 0.07 (0.08, 0.16)
>25 1.55(1.07, 2.22) 0.98 (0.69, 1.38) 0.46 (0.22, 0.93) 0.11(0.05, 0.25)
P-value for trend 0.051 0.007 0.671 0.021
Cigarette smoking
Never smoker 1.27 (0.93, 1.73) 0.83 (0.54, 1.27) 0.36 (0.21, 0.62) 0.08 (0.04, 0.14)
Ever smoker* 2.61(2.00, 3.40) 1.88 (1.43, 2.48) 0.62 (0.42, 0.93) 0.11(0.05, 0.24)
P-value for trend 0.003 0.005 0.032 0.407
Biomass use
Yes 2.25(1.68, 3.03) 1.79 (1.40, 2.28) 0.41(0.21, 0.81) 0.06 (0.02, 0.14)
No 1.44 (1.18, 1.75) 0.86 (0.70, 1.05) 0.48 (0.30, 0.77) 0.10(0.06, 0.18)
P-value for trend 0.016 0.001 0.501 0.224
Annual mean PM2.5 exposure (ng/m?)
<50 1.42 (0.69,2.91) 1.29 (0.59,2.81) 0.12 (0.06,0.24) 0.01(0.00,0.10)
50-75 1.81(1.30,2.54) 1.08 (0.81,1.45) 0.61(0.34,1.09) 0.12(0.06,0.23)
>75 1.74 (1.36,2.22) 1.40 (1.00,1.95) 0.29 (0.16,0.50) 0.05 (0.03,0.11)
P-value for trend 0.556 0.839 0.071 0.052
Occupational exposure®
Yes 2.08 (1.69, 2.56) 1.70 (1.29, 2.25) 0.31(0.19, 0.51) 0.06 (0.03, 0.16)
No 1.61(1.21, 2.14) 1.01(0.78, 1.29) 0.51(0.29, 0.88) 0.10(0.05, 0.19)
P-value for trend 0.170 0.007 0.270 0.417
Allergic rhinitis
Yes 2.95 (2.44, 3.57) 2.14(1.69, 2.71) 0.56 (0.28, 1.12) 0.26 (0.07, 0.87)
No 1.62 (1.24, 2.11) 1.09 (0.82, 1.45) 0.46 (0.28, 0.76) 0.06 (0.08, 0.13)
P-value for trend 0.001 0.002 0.668 0.225

Values are % (95% Cl). HBR, highly bronchodilator responsiveness. PM2.5, ambient particulate matter with a diameter <2.5 pum.

*Ever smoker was defined as having smoked equal to or >100 cigarettes in his/her lifetime.

8Occupational exposure was defined as exposed to gas, smoke, chemical vapors or fumes in work above 3 months in his/her lifetime.

degree of airflow obstruction, more impairment of quality of life,
more exacerbations needing emergency room or hospitalization,
and more comorbidities such as hypertension and coronary
artery disease.

The most important finding is the distribution of
these two types of COPD people with asthma features.
Overall, COPD people with concomitant features of asthma
were more prevalent in the older age group as has been
reported previously (20, 21). We found that it is COPD
with asthma only that reflects this increase in prevalence,

while, surprisingly, in the COPD with HBR only group,
there was an inverse relationship with increasing age. The
decrease of bronchodilator responsiveness with age has
also been reported in COPD patients (7) and in healthy
subjects (22).

A criticism of studying younger individuals (<40 years) is that
anyone defined as COPD according to our criteria would likely
represent obstructive asthma, rather than clinically-diagnosed
COPD which is usually made in those above 40 years old with
a smoking history or exposed to other risk factors. However,
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TABLE 3 | Proportion of COPD with concomitant features of asthma in COPD by sex, age, body mass index, smoking, allergic rhinitis and lung function.

Overall COPD with

COPD with asthma only

COPD with HBR only

COPD with both asthma

concomitant features of (n = 630) (n =181) and HBR
asthma (n=52)
(n =863)
Sex
Men 12.2(8.5,17.1) 6.7 (5.0, 8.9) 4.6(2.4,8.7) 0.9(0.4,1.7)
Women 14.8 (11.5, 18.8) 9.1(6.4,12.7) 49(3.4,7.2) 0.8(0.3,2.2)
P-value 0.413 0.237 0.869 0.888
Age (years)
20-39 9.8(6.7, 14.2) 2.3(0.9,5.7) 7.2 (4.8,10.6) 0.4 (0.1,1.5)
40-59 13.4(10.9, 16.3) 7.8(5.9,10.2) 4.0(2.4,6.5) 1.6 (0.9, 3.0)
>60 20.4 (16.6, 24.8) 17.4 (14.2,21.2) 2.7(1.5,4.8) 0.3(0.1,1.3)
P-value <0.001 <0.001 0.001 0.937
Body mass index, kg/m?
<18.5 18.1 (13.1, 24.5) 11.6 (7.9, 16.6) 6.4 (3.0, 13.1) 0.1 (0.0, 0.7)
18.5-24.9 13.9(10.8,17.7) 7.5(5.6,9.9 5.7 (3.6, 8.7) 0.8(0.3,2.1)
>25 13.6 (9.7, 18.6) 7.1(5.4,9.2) 5.5(2.6,10.9) 1.0(0.5,2.2)
P-value 0.1893 0.0539 0.7306 0.0223
Smoking status
Ever smokers* 11.8 9.4, 14.7) 7.8(5.7,10.6) 3.2(2.1,4.9) 0.7 (0.3, 1.6)
Never smokers 13.8(10.8, 17.4) 7.0(5.0,9.7) 5.8(3.8,8.7) 1.0(0.6,1.7)
P-value 0.360 0.655 0.061 0.365
Allergic rhinitis
Yes 19.9 (13.5, 28.4) 14.7 (9.4, 22.1) 3.5(2.0,6.2) 1.7 (0.4,7.3)
No 12.5(10.0, 15.6) 6.4 (5.0, 8.1) 5.4 (3.8,7.8) 0.7 (0.3, 1.6)
P-value 0.053 0.014 0.121 0.439
Gold stage
| (FEV1 >=80% predicted) 12.4(9.4,16.2) 5.1(3.6,7.1) 6.9 (4.5,10.6) 0.4 (0.1,1.0)
I1(50% <FEV1 < 80% 12.4 (9.8, 15.6) 8.4 (6.6, 10.6) 1.8(0.9, 3.6) 2.3(1.0,4.9
predicted)
II1(30% <FEV1 < 50% 20.1(13.2, 29.5) 18.5(11.8, 27.8) 0.9(0.1,5.6) 0.8(0.2,3.4)
predicted)
IV (FEV1 <30% predicted) 27.5(16.1,42.8) 27.5(16.1,42.8) 0.0(.,.) 0.0(.,.)
P-value 0.018 0.002 <0.001 0.061
Total 15.2 (13.0, 17.7) 10.1 (8.1, 12.7) 4.3(2.9,6.1) 0.8 (0.5, 1.4)

Values are % (95% Cl). FEV/1, forced expiratory volume in 1 sd; FVC, forced vital capacity; HBR, highly bronchodilator responsiveness.

*Ever smoker was defined as having smoked equal to or > 100 cigarettes in his/her lifetime.

there still exist the potential for such a COPD phenotype in the
less than 40 year old age group (23), because there are other
causes of airflow obstruction apart from chronic asthma such as
poor lung development and bronchopulmonary dysplasia (24).
We have not been able to further investigate these possibilities in
our study.

We have chosen not to use the term ACO to define our
COPD subjects with features of asthma because of the several
definitions of ACO and the current lack of consensus (25). In
our adult population-based study, we did not limit our analysis
to those above 40 years old with a smoking history. One of the
challenges of comparing the prevalence of ACO with previous
publications (Supplementary Table 6) is that these studies have
used different criteria for ACO, reflecting the lack of consensus
on the ACO definition. While ACO has been defined mostly
as physician-diagnosed asthma or current wheeze in individuals

with post-bronchodilator airflow limitation, other studies used
bronchodilator responsiveness in the diagnosis or as a separate
definition on its own in those with post-bronchodilator airflow
limitation. Other additional criteria have been used, such as
a history of smoking with at least 10 pack-years or exposure
to indoor or outdoor air pollution, an asthma diagnosis made
before the age of 40 years, and presence of peripheral blood
eosinophilia (5, 20, 25). We have preferred to link these criteria
to the two defined subgroups of COPD with asthma features.
The reported prevalence of ACO has ranged from 1.6% to 4.5%
of the different population studied (20, 21, 26) compared to our
reported prevalence of 1.62% in general population, or 4.12%
in those of ever-smoker aged >40 years based on the ACO
definition (25).

A significant bronchodilator response considered as a
feature of asthma, has been used to distinguish asthma from
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FIGURE 2 | Forest plot of multiple adjusted odds ratios for COPD with concomitant features of asthma. Multivariable-adjusted analyses included all co-variable listed
in the figure. ORs are represented by black blot while the 95% Cl is presented by horizontal bars. 1.00 indicates reference values. HBR, highly bronchodilator
responsiveness. PM2.5, ambient particulate matter with a diameter <2.5 um. +Ever smoker was defined as having smoked equal to or >100 cigarettes in his/her
lifetime. *+Occupational exposure was defined as exposed to gas, smoke, chemical vapors or fumes in work above 3 months in his/her lifetime.

COPD (18,27) or the diagnosis of ACO (25, 28), and this
recommendation has been widely used (26, 29-31). How this
reversibility is related to symptom burden and phenotypic
characteristics in COPD is unclear. Findings from population
studies showed bronchodilator reversibility was not associated
with symptom burden, exacerbations or health status in COPD
patients (32). A cohort study for subjects with asthma or
COPD from a chest clinic in Copenhagen showed that, after
controlling for baseline FEV;, those of bronchodilator and
corticosteroid reversibility, were significantly associated with
better survival (33). Our present study shows that lung function
and exacerbation events in people with COPD with HBR were
better and less frequent than in COPD with asthma (Table 4),
even better than in pure COPD (Supplementary Table 4), similar
to the results of the Spanish study of Toledo-Pons and colleagues,
where patients with COPD with HBR had better quality of life
and fewer exacerbations than smoking asthmatics with airflow
limitation, and patients with pure COPD (non-ACO) (29).
The more favorable clinical outcome might, at least partly be
contributed by the milder pulmonary function impairment and
the younger age of those of COPD with HBR.

Previous study has suggested that patients with COPD
demonstrating reversibility represent a subset of patients with
evidence of increased airway eosinophilic inflammation (34),
and that such patients may respond better to corticosteroid
therapy (35). However, in our present study from the general
population, we did not observe any difference on blood
eosinophil percentage between COPD with HBR only, and pure
COPD (Supplementary Table 4). There are at least two possible
explanations for this inconsistency. First, the COPD people in
the present study comes from the general population, not from
hospital-based cohorts, and those of COPD with HBR did not
include those with the previous physician-diagnosed asthma
or current wheezing symptom. Second, blood eosinophil count
has been reported not to correlate with airway eosinophilic

inflammation in COPD patients (36). Thus, the airway
pathophysiological characteristics of COPD with HBR need to be
further explored.

Our study showed that COPD with asthma had a greater
clinical severity than COPD with HBR in terms of greater degree
of airflow obstruction, more impairment of quality of life, and
more exacerbations needing emergency room or hospitalization.
In addition, COPD with asthma had more comorbidities such
as hypertension and coronary artery disease, which is consistent
with the previous report from Zhu and colleagues, who have
identified evidence of shared genetics between COPD and cardiac
traits in a set of large-scale genome-wide association studies
(GWAS) (37). These findings would indicate that those with
COPD with asthma, rather than COPD with HBR would fit in
more with the traditional label of ACO.

The multivariate-adjusted analysis showed that those with
COPD and asthma had similar risk factors as we previously
reported for COPD or asthma patients from the same population,
such as age, smoking status, biomass use and allergic rhinitis
(3, 17). Although the prevalence of COPD with HBR only
was higher in ever-smokers than in never-smokers, we did not
observe that smoking status was associated with COPD and
HBR in the multivariate analysis, which is consistent with the
report of Miiller and colleagues who reported that smoking status
did not influence bronchodilator reversibility of patients with
COPD (38). We also did not observe that allergic rhinitis was
a significant risk factor for COPD with HBR, while it was for
those COPD with asthma. This was supported by the findings
of a GWAS study that showed a strong genetic correlation
between asthma and allergic diseases (39). We observed that
higher exposure to PM2.5 was significantly associated the COPD
with HBR; this may be partly contributed by pollution-induced
airflow obstruction (40). Thus, our multivariate-adjusted analysis
indicate that COPD with HBR was linked to risk factors
distinct from those of COPD with asthma labeled as traditional
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TABLE 4 | Comparison of clinical characteristics among the three subtypes of COPD with concomitant features of asthma in the general adult population.

COPD with COPD with HBR COPD with both P-value
asthma only only asthma and HBR
(n = 630) (n=181) (n=52) COPD with COPD with COPD with HBR
asthma only vs. asthma only vs. only vs. COPD
COPD with HBR COPD with both with both

only asthma and HBR asthma and HBR
Men, % 341 (62.2%) 125 (68.6%) 39 (71.4%) 0.390 0.578 0.866
Age, years 61.8(1.1) 47.4 (2.8) 48.0 (2.2) <0.001 <0.001 0.883
Ever smoker* 312 (54.4%) 90 (43.5%) 29 (43.0%) 0.165 0.438 0.968
Eosinophil percentage 3.3(0.4) 3.0(0.2) 3.8(1.0) 0.554 0.625 0.453
in peripheral blood (%)
Lung function
Post-BD FEV/FVC, % 55.2 (1.3 66.1(1.0) 59.7 (2.2) <0.001 0.059 0.038
Post-BD FEV% pred 68.2 (2.3) 96.6 (3.4) 73.8(2.8) <0.001 0.033 <0.001
Short form (SF)-12 scores
PCS scores 43.3 (0.6) 52.1(0.5) 47.5 (2.1) <0.001 0.046 0.035
MCS scores 50.9 (0.8) 53.8 (0.9) 50.2 (2.5) 0.073 0.743 0.240
Comorbidities
Allergic rhinitis 135 (18.7%) 20 (13.3%) 15 (29.5%) 0.361 0.532 0.378
Hypertension 1083 (15.6%) 13 (4.1%) 8(19.1%) 0.024 0.822 0.374
Coronary heart disease 48 (6.3%) 5(1.1%) 2 (1.0%) 0.002 0.010 0.939
Diabetes 25 (4.6%) 4 (1.8%) 2 (1.3%) 0.350 0.255 0.729
Medication use
Inhaled corticosteroid 63 (11.6%) 3(1.6%) 9 (11.5%) 0.016 0.984 0.226
Inhaled bronchodilator 102 (15.7%) 3(8.7%) 17 (21.2%) 0.105 0.693 0.406
Aminophyliine 125 (20.7%) 2 (4.7%) 14 (31.8%) 0.008 0.288 0.016
Systemic corticosteroid 62 (11.9%) 2 (4.7%) 7 (2.2%) 0.118 <0.001 0.592
Exacerbation of respiratory symptoms in the last 12 months
Emergency, % 162 (24.7%) 3(0.1%) 16 (43.1%) <0.001 0.145 0.001
Hospital admission, % 89 (13.4%) 1(0.02%) 11 (832.4%) <0.001 0.113 0.008

Values are weighted and shown as number (%) or mean (SE). FEV/1, forced expiratory volume in 1s; FVC, forced vital capacity; HBR, highly bronchodilator responsiveness; MCS, mental

component summary; PCS, physical component summary.

*Ever smoker was defined as having smoked equal to or >100 cigarettes in his/her lifetime.

ACO, implying that there are different origins or pathological
mechanisms in those with COPD and HBR.

There are some limitations of our study. First, similar to
other large-scale population-based surveys, the diagnosis of
asthma was based mainly on current wheezing symptom using
a standardized questionnaire, which could potentially have led to
the misclassification of COPD as asthma because both diseases
may present with wheezing, especially in people aged 40 years or
older or in cigarette smokers. On the other hand, the diagnosis of
COPD was based solely on spirometric measurements regardless
of the presence of respiratory symptoms and the exposure of
risk factors. Therefore, the spirometry-defined COPD in our
study may not be clinically-diagnosed, especially in those of 20-
40 years age, and in all likelihood would have been missed by
clinicians. Second, the bronchodilator responsiveness defined as
improvement of >12% and >200ml after bronchodilator has
previously been shown to be unstable with significant changes
in this response between visits, as reported previously (41).
This is a potential concern in this cross-sectional analysis, even
though there was a strong effect of HBR in distinguishing
asthma from COPD. Third, by design, the present cross-sectional
study was not powered enough to capture clinical outcomes

among the different subtypes of COPD people with asthma-like
characteristics. A follow-up cohort study is needed to address
this question.

CONCLUSION

In a representative population of China, COPD with concomitant
features of asthma is common in people with COPD and those
with a previous physician diagnosis of asthma or the presence of
current wheeze were more consistent with the traditional label
of ACO, but those with COPD and HBR were not. Our findings
contribute further to the definition of ACO in that HBR may not
be a valid representation of asthma in this definition. Further
progress will be achieved by identifying the treatable traits of
chronic airways diseases without arbitrary disease labels (25, 29).
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