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ABSTRACT

Purpose: Despite the emerging biologics, biomarkers and treatment options for asthma–
chronic obstructive pulmonary disease (COPD) overlap (ACO) are still limited, requiring 
further research.
Methods: We enrolled 378 ACO patients from a multicenter real-world asthma cohort in 
Korea and compared the clinical characteristics, lung function, and exacerbation between 
type 2 (T2)-high and T2-low groups. We used the following comparisons: 1) low vs. high 
immunoglobulin E (IgE) group (≥ 100 IU/mL), 2) non-atopy vs. atopy group (sensitized to 
aeroallergen), 3) low vs. high blood eosinophil group (≥ 150/µL), and 4) low vs. high sputum 
eosinophil group (≥ 2%).
Results: The high sputum eosinophil ACO group (n = 37) showed significantly lower pre- and 
post-bronchodilator (BD) forced expiratory volume in 1 second (FEV1) and FEV1/forced vital 
capacity (FVC) (45.7% ± 15.8% vs. 55.9% ± 16.2%, P = 0.016; 1.3 ± 0.6 L vs. 1.6 ± 0.5 L, P = 0.013 
for pre-BD FEV1; 0.53 ± 0.1 vs. 0.59 ± 0.1, P = 0.018 for post-BD FEV1/FVC) than the low sputum 
eosinophil ACO group (n = 25). When examining changes in lung function at the 3-month 
follow-up, there were significant decreases in FEV1 in the high IgE ACO group (n = 104; −11.4% 
± 16.7% vs. −4.4% ± 9.2%, P = 0.023) and ΔFEV1/FVC in the high sputum eosinophil ACO group 
(−0.049 ± 0.063 vs. −0.004 ± 0.064, P = 0.049) than in the low IgE ACO group (n = 44) and 
in the low sputum eosinophil ACO group, respectively. The risk of asthma exacerbation was 
significantly higher in the atopic ACO group (odds ratio, 4.2; 95% confidence interval, 1.0–17.4; 
P = 0.049) in the adjusted model.
Conclusions: Since ACOs with T2-high profiles may have lower lung function and more 
frequent exacerbations, T2-high specific therapies, such as biologics, should be actively 
considered in T2-high ACO patients.

Keywords: Asthma-COPD overlap; phenotype; biomarkers; inflammation; immunoglobulin E; 
atopy; eosinophils; cohort study; adult; Koreans

INTRODUCTION

Asthma and chronic obstructive pulmonary disease (COPD) are the major 2 chronic 
obstructive airway diseases, and the prevalence of asthma and COPD is reported to be 1% 
to 29%1 and 10.3%, respectively.2,3 Although there has been a perspective, such as the Dutch 
hypothesis, that they are located on a continuum and share some pathogenic mechanisms, 
asthma and COPD are currently considered distinct disease entities with separate approaches 
and treatments.4

Asthma is characterized by wheezing, dyspnea, chest tightness, and cough as the main 
symptoms and its diagnosis requires proven airway hyperresponsiveness or variable airway 
obstruction.1 This is caused by chronic airway inflammation, mainly due to a type 2 (T2) 
immune response, including eosinophils, mast cells, basophils, and type 2 innate lymphoid 
cells, and cytokines such as interleukin (IL)-4, IL-5, and IL-13.1

COPD is a progressive, fixed airway obstructive airway disease mainly caused by exposure 
to harmful biomass smoke and other environmental factors, and includes not only chronic 
bronchitis but also emphysematous changes.4 Cigarette smoking is the leading cause of 
COPD, but exposure to air pollution, secondhand smoke, and workplace dust and chemicals 
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can also contribute to the disease.4,5 Although an increased level of macrophages and 
neutrophils in the sputum and bronchoalveolar lavage of COPD patients was reported, the 
pathogenesis of COPD is still unclear.5

Despite the differences between asthma and COPD, physicians have recognized a 
heterogeneous condition that overlaps both diseases, called asthma–COPD overlap (ACO), 
which affects 2% to 4% of the general population.6,7 For example, some asthmatics have 
fixed airway obstruction and significant smoking history, while some COPD patients 
have increased levels of typical asthma biomarkers such as eosinophils or sensitization to 
aeroallergens.4,7

Although precision medicine has opened a new era in asthma treatment with the application 
of biologics based on inflammatory biomarkers, treatment options for ACO are currently 
limited. Therefore, research on ACO using previously known T2 inflammatory biomarkers 
should be the starting point. In this study, we selected ACO patients from a multicenter 
real-world asthma cohort in Korea based on the presence of a smoking history and fixed 
airway obstruction. Then, we divided them into T2-high and T2-low groups using various T2 
biomarkers and compared their clinical characteristics, lung function, symptom scores, and 
exacerbation rates.

MATERIALS AND METHODS

Study population
The COhort for Reality and Evolution of adult Asthma in Korea (COREA) is a representative 
multicenter asthma cohort in Korea that began in 2005.8 Adult asthmatic patients (≥ 18 years 
old) were recruited from 39 tertiary referral centers by specialists in allergy or pulmonology.8 
Asthma was defined as the presence of at least one symptom, such as dyspnea, cough, or 
wheezing, along with evidence of airway hyperresponsiveness (AHR) or airway reversibility. 
AHR was confirmed by a bronchial provocation test using methacholine chloride when the 
provocative concentration causing a 20% fall in forced expiratory volume in 1 second (FEV1) 
(PC20) was less than 25 mg/mL, and airway reversibility was determined by an increase in 
FEV1 by at least 12% after inhalation of 400 μg of salbutamol or 4 weeks of anti-inflammatory 
treatments with inhaled or systemic steroids.

We obtained the results of AHR and airway reversibility by reviewing electronic medical 
records, and patients with asthma at any Global Initiative for Asthma (GINA) step could be 
enrolled. Physicians followed their usual clinical practice, treating asthma patients according 
to the GINA strategy at that time and adjusting medications based on symptoms, physical 
examination, and spirometry every three months.

We selected ACO patients from the COREA registrants using the following criteria: 1) 40 
years of age or older, 2) a smoking history of at least 10 pack-years, and 3) fixed airway 
obstruction of a post-bronchodilator (BD) FEV1/forced vital capacity (FVC) < 0.7.9,10 Finally, a 
total of 378 ACO patients were enrolled (Fig. 1).

This study was approved by the Institutional Review Boards of Ewha Womans University 
Medical Center (SEUMC 2020-08-022-009) and Asan Medical Center (2012-0234).
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Study exposure
We divided the ACO patients into groups based on the following T2 inflammatory markers: 
1) low immunoglobulin E (IgE) vs. high IgE group (≥ 100 IU/mL),11 2) non-atopy vs. atopy 
group (sensitized to aeroallergens by a skin prick test or multiple allergen simultaneous 
test), 3) low blood eosinophil vs. high blood eosinophil group (≥ 150/µL),1 and 4) low sputum 
eosinophil vs. high sputum eosinophil group (≥ 2%).1 Furthermore, we also investigated high 
blood eosinophil and high sputum eosinophil patients, high blood eosinophil and atopic 
patients, and high blood eosinophil and high IgE patients by combining these conditions. 
These inflammatory markers were assessed at enrollment, and we allowed the use of 
preexisting results by reviewing electronic medical records. T2 inflammatory markers can 
be measured in both stable and exacerbated states in routine practice. We selected positive 
results among multiple measurements, as these markers can vary over time. The GINA 
guidelines also recommend multiple checks of T2 inflammatory markers.1

Outcomes
We defined an asthma exacerbation as an unexpected outpatient clinic visit, emergency room 
visit, hospitalization, or the use of a steroid burst, which is the use of more than 30 mg/day of 
prednisolone or its equivalent for more than 3 days, during patients’ regular clinic visits every 
3 months or at unscheduled visits due to exacerbation.12,13 We compared the differences (Δ) 
in FEV1 and FEV1/FVC between groups at baseline and after 3 months among subjects with 
available 3-month follow-up lung function results.

Statistical analyses
General characteristics among the study population were assessed using Student’s t-test or 
Mann Whitney U-test for continuous variables and Pearson’s χ2 test or Fisher’s exact test for 
categorical variables. To estimate odds ratios (ORs) for asthma exacerbation according to T2 
inflammatory status in ACO patients, we performed binary logistic regression (univariate and 
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COREA study participants
January 2002–December 2019

(n = 5,374)

Asthmatic patient age ≥ 40
(n = 3,889)

Smoking history ≥ 10 PY
(n = 1,167)

Final ACO patients
Post-BD FEV1/FVC < 0.7 (n = 378)

Excluded
Age < 40 (n = 1,485)

Excluded
Smoking history < 10 PY (n = 2,722)

Excluded
Post-BD FEV1/FVC ≥ 0.7 (n = 789)

Fig. 1. Study population flow chart. 
COREA, COhort for Reality and Evolution of adult Asthma in Korea; PY, pack-year; ACO, asthma–chronic 
obstructive pulmonary disease overlap; BD, bronchodilator; FEV1, forced expiratory volume in 1 second; FVC, 
forced vital capacity.



multivariate analyses) in the following ways: no adjustment, confounder adjustment for age 
and body mass index (BMI; model 1), and for age, BMI, and blood eosinophil count (model 
2). The Kaplan–Meier method was used for time analysis of the first asthma exacerbation, 
and the strength of associations was measured as ORs or hazard ratios (HRs) and 95% 
confidence intervals (CIs). A P value of less than 0.05 was considered statistically significant. 
All statistical analyses were performed using R version 4.0.2 (R Foundation for Statistical 
Computing, Vienna, Austria).

RESULTS

General characteristics
A total of 378 ACO patients were enrolled, and their general characteristics are presented 
in Table 1. When comparing low IgE (n = 44) vs. high IgE patients (n = 104), allergic rhinitis 
(AR) was more common in the high IgE group (25.0% vs. 6.8%, P = 0.002) and blood 
eosinophil levels were also higher (4.7% ± 4.1% vs. 3.3% ± 2.4%, P = 0.016; 356.8 ± 320.8/µL  
vs. 242.9 ± 169.7/µL, P = 0.007). When comparing the non-atopic (n = 95) to the atopic patients 
(n = 79), AR was more common (31.7% vs. 11.6%, P = 0.002), and eosinophil counts were 
higher (436.0 ± 589.0/µL vs. 282.9 ± 259.2/µL, P = 0.041) in the atopic patients. The high 
blood eosinophil group (n = 210) had fewer women (6.2% vs. 13.6%, P = 0.048), more allergic 
rhinitis (25.2% vs. 14.6%, P = 0.045), higher serum total IgE (685.0 ± 1,151.4 IU/mL vs. 340.1 
± 526.1 IU/mL, P = 0.016), and lower total white blood cell (8,098.4 ± 2,056.0/µL vs. 8,845.2 ± 
3,497.8/µL, P = 0.047) and neutrophil counts (4,623.4 ± 2,433.3/µL vs. 7,392.6 ± 12,086.3/µL,  
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Table 1. Characteristics of study participants
Variable Low IgE  

ACO  
(n = 44)

High IgE  
ACO  

(n = 104)

P value Atopy (−)  
ACO  

(n = 95)

Atopy (+)  
ACO  

(n = 79)

P value Low blood 
eosinophil 

ACO  
(n = 103)

High blood 
eosinophil 

ACO  
(n = 210)

P value Low sputum 
eosinophil 

ACO  
(n = 25)

High sputum 
eosinophil 

ACO  
(n = 37)

P value

Age (yr) 63.0 ± 11.0 61.6 ± 9.7 0.463 63.4 ± 9.4 60.4 ± 9.9 0.046 64.6 ± 9.9 62.2 ± 10.3 0.047 61.0 ± 9.6 65.0 ± 11.9 0.168
Male 37 (84.1%) 96 (92.3%) 0.224 84 (88.4%) 74 (93.7%) 0.353 89 (86.4%) 197 (93.8%) 0.048 24 (96.0%) 34 (91.9%) 0.905
BMI (kg/m2) 24.7 ± 3.0 24.1 ± 2.7 0.285 24.4 ± 3.0 24.5 ± 2.5 0.719 24.0 ± 3.1 24.6 ± 3.9 0.143 24.2 ± 2.7 25.6 ± 7.4 0.317
Smoking  
(pack-year)

35.5 ± 24.49 34.6 ± 21.0 0.836 37.0 ± 21.7 31.4 ± 17.8 0.067 33.7 ± 20.2 36.0 ± 22.8 0.388 36.3 ± 15.5 35.3 ± 18.9 0.836

Allergic rhinitis 3 (6.8%) 26 (25.0%) 0.02 11 (11.6%) 25 (31.7%) 0.002 15 (14.6%) 53 (25.2%) 0.045 11 (44.0%) 6 (16.2%) 0.034
WBC (/µL) 7,707.1  

± 2,325.9
8,161.7  

± 2,558.2
0.314 8,224.3  

± 2,696.4
8,259.6  

± 2,471.9
0.932 8,845.2  

± 3,497.8
8,098.4  

± 2,056.0
0.047 8,973.0  

± 3,130.3
8,967.6  

± 3,056.6
0.995

Eosinophil  
(/µL)

242.9  
± 169.7

356.8  
± 320.8

0.007 282.9  
± 259.2

436.0  
± 589.0

0.041 81.1  
± 45.9

484.9  
± 467.5

N/A 207.3  
± 181.6

390.6  
± 394.6

0.018

Neutrophil  
(/µL)

4,452.5  
± 1,793.4

6,111.7  
± 12,225.6

0.202 4,900.7  
± 2,304.8

4,856.4  
± 2,093.8

0.902 7,392.6  
± 12,086.3

4,623.4  
± 2,433.3

0.028 6,059.5  
± 3,117.7

5,346.1  
± 2,555.6

0.347

Serum total IgE  
(IU/mL)

52.0 ± 30.4 788.4  
± 1,110.9

0 504.8  
± 799.7

521.0  
± 817.6

0.921 340.1  
± 526.1

685.0 ± 
1,151.4

0.016 279.6  
± 252.0

449.7  
± 810.1

0.385

Sputum eosinophil 
(%)

10.1 ± 9.5 12.0 ± 15.5 0.719 13.9 ± 21.0 15.6 ± 17.0 0.791 8.0 ± 19.6 14.6 ± 20.3 0.252 0.3 ± 0.5 20.2 ± 22.5 N/A

Sputum neurophil (%) 36.0 ± 30.5 25.6 ± 25.4 0.314 42.6 ± 34.0 30.9 ± 28.9 0.263 43.5 ± 36.1 41.8 ± 32.9 0.862 49.5 ± 38.8 40.2 ± 31.0 0.302
FeNO (ppb) 26.0 ± 18.4 86.80 ± 60.2 0.24 41.3 ± 7.2 43.0 ± 31.7 0.879 50.0 ± 39.8 50.4 ± 43.7 0.986 38.3 ± 43.1 32.2 ± 11.26 0.728
Pre-BD FEV1 (%) 60.3 ± 16.7 54.5 ± 18.4 0.073 57.6 ± 18.9 54.2 ± 17.0 0.218 58.0 ± 18.8 55.6 ± 17.7 0.27 56.0 ± 16.2 45.7 ± 15.8 0.016
Pre-BD FEV1 (L) 1.7 ± 0.6 1.7 ± 0.7 0.473 1.7 ± 0.6 1.7 ± 0.7 0.846 1.7 ± 0.6 1.7 ± 0.6 0.961 1.6 ± 0.5 1.3 ± 0.6 0.013
Post-BD  
FEV1/FVC

55.0 ± 8.6 53.9 ± 8.9 0.495 54.8 ± 9.1 54.9 ± 8.9 0.905 55.1 ± 9.5 54.4 ± 9.1 0.557 58.7 ± 8.3 53.1 ± 9.2 0.018

ACT scores  
(total 25)

21.5 ± 3.6 21.1 ± 3.7 0.711 20.3 ± 4.6 21.3 ± 3.0 0.318 19.7 ± 5.3 20.0 ± 4.2 0.761 16.3 ± 6.1 15.8 ± 5.9 0.835

Data are presented as number (%) or mean ± standard deviation. Bold-styled values denote significant ones.
IgE, immunoglobulin E; ACO, asthma-chronic obstructive pulmonary disease overlap; BMI, body mass index; WBC, white blood cell; N/A, not applicable; FeNO, 
fractional exhaled nitric oxide; BD, bronchodilator; FEV1, forced expiratory volume in 1 second; FVC, forced vital capacity; ACT, asthma control test.



P = 0.028) than the low eosinophil patients (n = 103). The high sputum eosinophil group  
(n = 37) showed fewer AR (16.2% vs. 44.0%, P = 0.034), higher blood eosinophil levels (4.7% 
± 5.0% vs. 2.7% ± 2.8%, P = 0.047; 390.6 ± 394.6/µL vs. 207.3 ± 181.6/µL, P = 0.018), and 
lower pre- and post-BD FEV1 and FEV1/FVC (45.7% ± 15.8% vs. 55.9% ± 16. 2%, P = 0.016; 
1.3 ± 0.6 L vs. 1.6 ± 0.5 L, P = 0.013 for pre-BD FEV1; 53.1 ± 9.2 vs. 58.7 ± 8.3, P = 0.018 for 
post-BD FEV1/FVC) than the low sputum eosinophil group (n = 25). The more detailed 
characteristics of the total study population are described in Supplementary Table S1.

Characteristics according to the combination of each T2 biomarker
The high blood and sputum eosinophil patients (n = 30) had lower neutrophil counts 
compared to the low group (n = 11; 4,496.7 [interquartile range {IQR} 3,444.0, 6,060.5] vs. 
6,822.0/µL, [IQR 4,765.6, 8,382.0], P = 0.11), and had lower post-BD FEV1 (49.6% ± 17.3% 
vs. 62.3% ± 16.4%, P = 0.04) and post-BD FEV1/FVC (52.8 ± 8.9 vs. 59.7 ± 6.8, P = 0.025). 
The high blood eosinophil and atopic group (n = 56) was younger (58.2 ± 10.0 years vs. 63.8 
± 10.9 years, P = 0.019), male-predominant (54 [96.4%] vs. 24 [80.0%], P = 0.035), and 
more likely to have allergic rhinitis (35.7% vs. 10.0%, P = 0.021), while it also had lower 
neutrophils (4,693.3 ± 1,576.7/µL vs. 5,904.6 ± 2,962.7/µL, P = 0.047), lower pre-BD FEV1 
(54.1 ± 16.9% vs. 63.0 ± 22.3%, P = 0.043), and fewer hospitalizations for exacerbations 
per year (0.3 ± 0.6 vs. 0.9 ± 0.7, P = 0.036) than the low group (n = 30). The high blood 
eosinophil and high IgE patients (n = 70) had lower neutrophils (55.6% ± 10.1% vs. 65.4% 
± 11.1%, P = 0.001) and lower pre-BD FEV1 (52.4% ± 17.8% vs. 62.4% ± 18.3%, P = 0.041) 
than the low group (n = 17; Supplementary Table S2). There were no significant differences 
in asthma medication use among the groups (Supplementary Table S3). Among the 378 
participants, there was 1 omalizumab user and 1 reslizumab user.

Changes in lung function and ACT score at the 3-month follow-up
When examining changes in the lung function and asthma control test (ACT) score at the 
3-month follow-up, there were significant decreases in FEV1 in the high IgE group (−11.4% 
± 16.7% vs. −4.4% ± 9.2%, P = 0.023) and ΔFEV1/FVC in the high sputum eosinophil group 
(−4.9 ± 6.3 vs. −0.4 ± 6.4, P = 0.049) than in the low IgE and low sputum eosinophil groups, 
respectively (Table 2). Otherwise, there were no significant differences.

The risk of asthma exacerbations
We investigated the risk of annual asthma exacerbations among the groups. The proportion of 
individuals experiencing exacerbations was significantly higher in the atopic group compared 
to the non-atopic group (60.8% vs. 29.4%, P = 0.025), with no significant differences in the 
other groups. The risk of asthma exacerbation was also significantly higher in atopic patients 
in the unadjusted model (OR, 3.7; 95% CI, 1.1–12.2; P = 0.03), and this remained significant 
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Table 2. The changes in lung function and ACT score at the 3-month follow-up
Variable Low IgE ACO 

(n = 22)
High IgE ACO 

(n = 60)
P value Atopy (−) 

ACO  
(n = 60)

Atopy (+) 
ACO  

(n = 47)

P value Low blood 
eosinophil 

ACO  
(n = 62)

High blood 
eosinophil 

ACO  
(n = 116)

P value Low sputum 
eosinophil 

ACO  
(n = 25)

High sputum 
eosinophil 

ACO  
(n = 37)

P value

ΔFEV1 (mL) −0.2 ± 0.5 −0.3 ± 0.5 0.467 −0.4 ± 0.6 −0.5 ± 0.5 0.589 −0.3 ± 0.6 −0.3 ± 0.5 0.583 −0.3 ± 0.3 −0.3 ± 0.3 0.995
ΔFEV1 (%) −4.4 ± 9.2 −11.4 ± 16.7 0.023 −11.9 ± 18.0 −13.5 ± 15.8 0.628 −11.0 ± 17.3 −9.5 ± 14.9 0.549 −8.4 ± 13.1 −11.4 ± 11.2 0.488
ΔFEV1/FVC −4.8 ± 12.0 −6.1 ± 12.9 0.682 −7.2 ± 9.6 −6.1 ± 10.5 0.578 −5.5 ± 11.5 −5.3 ± 10.3 0.885 −0.4 ± 6.4 −4.9 ± 6.3 0.049
ΔACT −0.8 ± 1.0 −0.2 ± 5.3 0.685 −1.3 ± 5.3 −0.6 ± 4.5 0.757 −1.8 ± 6.3 −1.1 ± 3.6 0.654 −3.3 ± 4.5 −5.0 ± 10.4 0.809

The changes (Δ) were calculated by 3 months to baseline. P value was calculated with Student’s t-test for continuous variables. Bold-styled values denote 
significant ones.
ACT, asthma control test; IgE, immunoglobulin E; ACO, asthma–chronic obstructive pulmonary disease overlap; FEV1, forced expiratory volume in 1 second; FVC, 
forced vital capacity.



after adjustment (OR, 4.2; CI, 1.0–17.4; P = 0.049; Table 3). Next, we examined the time to first 
asthma exacerbation (TFE) in each group using the Kaplan–Meier method. The atopic group 
had a shorter TFE than the non-atopic group (P = 0.01; Fig. 2), yielding an HR 0.39 for TEF 
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Table 3. Risk of asthma exacerbation in T2-high ACO and T2-low ACO
Acute exacerbation Model 1: unadjusted Model 2: age, BMI adjusted Model 3: age, BMI, blood eosinophil 

adjusted
Crude OR 95% CI P value Adjusted OR 95% CI P value Adjusted OR 95% CI P value

Low IgE ACO Reference Reference Reference
High IgE ACO 0.47 0.05–4.43 0.507 0.52 0.05–5.33 0.579 0.54 0.05–5.78 0.503
Atopy (−) ACO Reference Reference Reference
Atopy (+) ACO 3.72 1.14–12.17 0.03 3.87 1.09–13.68 0.036 4.19 1.01–17.42 0.049
Low blood eosinophil ACO Reference Reference Reference
High blood eosinophil ACO 0.84 0.33–2.12 0.715 0.8 0.3–2.12 0.653 1.47 0.19–11.35 0.713

All adjusting variables were measured at the baseline visit. Bold-styled values denote significant ones.
T2, type 2; ACO, asthma–chronic obstructive pulmonary disease overlap; BMI, body mass index; OR, odds ratio; CI, confidence interval; IgE, immunoglobulin E.
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Fig. 2. Kaplan–Meier curves for the time to the first asthma exacerbation, according to each group. 
(A) High IgE ACO vs. Low IgE ACO. (B) Atopic ACO vs. Non-atopic ACO. (C) High blood eosinophilic ACO vs. Low blood eosinophilic ACO. (D) High sputum 
eosinophilic ACO vs. Low sputum eosinophilic ACO. 
IgE, immunoglobulin E; ACO, asthma–chronic obstructive pulmonary disease overlap.



(95% CI, 0.18–0.82; P = 0.013). There was no significant difference in TFE among the other 
groups (Supplementary Fig. S1).

DISCUSSION

In this study of ACO patients, high sputum eosinophil patients showed decreased lung 
function, with lower FEV1 and FEV1/FVC. When combining each T2 marker, the high blood 
and sputum eosinophil, high blood eosinophil and atopic, and high blood eosinophil 
and high IgE patients showed a lower FEV1. We found that patients with T2 dominance 
demonstrated a more pronounced decrease in lung function. At the 3-month follow-up, high 
IgE patients showed a significant decrease in FEV1, and high sputum eosinophil patients 
exhibited a significantly greater decrease in FEV1/FVC. Here, as well, some T2-dominant 
patients showed a more pronounced decline in lung function. Regarding exacerbations, 
atopic patients had a higher risk of asthma exacerbation and a shorter time to first 
exacerbation. Collectively, among all of the groups, patients with T2 dominance showed 
lower lung function, a more pronounced decline in lung function, and a higher risk of 
exacerbation.

ACO has various definitions, and from an asthma perspective, it is generally defined as 
a persistent airflow limitation with a post-BD FEV1/FVC < 0.7 in individuals aged 40 or 
older, having a history of smoking at least 10 pack-years or more, or significant other 
biomass smoke exposure.9,14,15 In the COPD population, ACO can usually be characterized 
by a substantial bronchodilator response (an increase in FEV1 of over 400 mL and 15%), 
the presence of atopy, elevated serum IgE levels, sputum eosinophils of 2% or more, or an 
increase in fractional exhaled nitric oxide (FeNO) levels. It denotes COPD accompanied by 
typical asthma features.9,14,15

ACO patients are known to exhibit more wheezing and sputum production compared to 
patients with asthma or COPD alone and have been reported to have more severe dyspnea 
as measured by the Medical Research Council score.16-18 Meta-analyses indicate a higher 
exacerbation rate in ACO than in asthma alone or COPD.16,19,20 Patients with eosinophilic 
ACO have been reported to have significantly higher rates of asthma exacerbations and oral 
corticosteroid (OCS) requirements compared to patients with severe eosinophilic asthma only.21 
Regarding lung function, there are studies reporting no significant differences in FEV1 decline 
among ACO, asthma, and COPD,17,18 while another study suggested a slower decline in ACO.22 
Additionally, the Copenhagen City Heart Study revealed a lower FEV1 decline in ACO with 
concomitant early-onset asthma and a higher FEV1 decline in ACO with late-onset asthma.23

The absence of a universally accepted definition for ACO poses a challenge in comparing 
research and study outcomes. Thus far, comparative studies have mainly compared ACO 
to asthma or COPD, and there is a lack of comparison within ACO based on phenotypes 
or endotypes. In this regard, this study aimed to investigate whether there are differences 
in clinical manifestations among ACO phenotypes and endotypes using established T2 
biomarkers, revealing that overall, T2-dominant ACO tends to be more severe in terms of 
lung function, lung function decline, and exacerbations. In particular, individuals with ACO 
and high sputum eosinophil levels demonstrated lower lung function, with a faster decline in 
FEV1/FVC. ACO patients with high IgE levels exhibited a faster decline in FEV1, and in cases 
of atopic ACO, there was a higher risk of asthma exacerbation.
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Blood and sputum eosinophil, one of the typical markers for T2-high asthma, are 
increasingly recognized for their importance in COPD.24,25 Elevated blood eosinophils have 
been significantly associated with acute COPD exacerbations, mortality, reduced FEV1, and 
responsiveness to inhaled corticosteroids (ICS) and systemic corticosteroids.26,27 FeNO is 
also a well-known biomarker for airway T2 inflammation.1 Previous studies indicated higher 
FeNO levels in COPD patients with concomitant allergic rhinitis,28 and COPD patients with 
consistently elevated FeNO levels above 20 ppb were at a higher risk of acute exacerbations.29 
Additionally, severe COPD patients responding to ICS treatment exhibited higher FeNO 
levels.30 A meta-analysis showed that ACO patients, although lacking a standardized 
definition, demonstrated higher FeNO levels compared to those with COPD alone.31 However, 
a defined cut-off value to distinguish ACO from COPD has not been established.

Serum IgE serves as a marker associated with various typical allergic diseases such as allergic 
rhinitis, asthma, atopic dermatitis, and chronic urticaria.32 Studies focused on IgE in COPD 
populations are scarce. In a previous cross-sectional observational study, COPD accompanied 
by late-onset asthma exhibited elevated total IgE, whereas ACO with early-onset asthma 
showed relatively lower IgE levels.33 For allergic sensitization, so-called atopic, there is limited 
research on allergic sensitization in ACO, although one study reported more wheezing, night 
cough, and acute exacerbations in atopic COPD patients,34 when comparing COPD and atopic 
ACOs, there were lower FEV1 and more exacerbations in atopic ACOs.11

Recently, there has been an emergence of biologics in the treatment of severe asthma, in 
addition to the conventional use of medium-to-high dose ICS-long-acting β2 agonist.1,35 
These biologics are now being considered based on various biomarkers, usually T2, to 
determine their administration and predict their treatment response.1,35 However, research on 
the use of biologics in ACO is currently limited.36 This is mainly due to the exclusion of ACO, 
rather than pure asthma or COPD, from most clinical trials on biologics.37

A previous study on omalizumab, an anti-IgE monoclonal antibody, showed comparable 
improvements in symptom scores and exacerbation rates up to 48 weeks in both asthma and 
ACO groups,38 while another study demonstrated that omalizumab did not show significant 
improvements in lung function in ACO compared to asthma.39 Mepolizumab, an anti-IL-5 
monoclonal antibody, has been reported to reduce exacerbation rates and decrease OCS use 
in patients concurrently diagnosed with both severe asthma and COPD in Medicare data 
research.40 Other studies on mepolizumab reported positive responses in blood eosinophil 
levels, OCS use, and exacerbation rates in both asthma and ACO patients,41 and significant 
improvements in exacerbation rates and symptom scores in ACO patients.42 In COPD with 
increased eosinophils, mepolizumab demonstrated efficacy in reducing exacerbations 
compared to a placebo.43 Benralizumab, an anti-IL-5 receptor α monoclonal antibody, 
showed less clear effects on exacerbation reduction in moderate to severe COPD with 
elevated eosinophils,44 while other study reported the most significant benefit in patients 
with eosinophil counts above 220 cells/µL and severe airflow limitation.45 A phase 2 trial 
targeting patients with both asthma and COPD is currently being conducted (ClinicalTrials.
gov Identifier: NCT04098718). For dupilumab, an anti-IL-4 receptor α monoclonal antibody 
blocking both IL-4 and IL-13, a study on moderate to severe COPD patients with elevated 
eosinophils showed better treatment responses in terms of exacerbation reduction, lung 
function improvement, and symptom scores compared to a placebo.46
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This study has several limitations. First, ACO was defined based on smoking history and 
post-BD airway obstruction in the asthma cohort. The research from a COPD perspective on 
defining ACO may be necessary. Secondly, this study did not follow up on T2 inflammatory 
biomarkers but mostly measured them as one-time assessments. Further research on 
biomarkers for ACO is necessary. Additionally, this study was conducted exclusively on the 
Korean population.

The use of biologics in uncontrolled ACO is reported to be about three times lower than in 
asthma.47 Our study revealed that ACO patients with elevated T2 biomarkers show worse 
outcomes in baseline lung function, lung function decline, and exacerbations. Therefore, 
active consideration of add-on therapy, including biologics, is suggested for ACO patients.
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