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Background: We analyzed the clinical characteristics and outcomes in non-frequent exacerbation patients with chronic obstructive 
pulmonary disease (COPD).
Methods: In this retrospective cohort study, we enrolled patients with stable COPD from 12 hospitals. Non-frequent exacerbation was 
defined as less than two times of exacerbations in the past year. The non-frequent exacerbation patients were classified into less and 
more symptomatic groups based on the COPD Assessment Test (CAT) and modified Medical Research Council (mMRC). Finally, the 
non-frequent exacerbation patients with less and more symptomatic were classified into the long-acting muscarinic antagonist 
(LAMA), long-acting β2-agonist (LABA)+inhaled corticosteroids (ICS), LABA+LAMA, and LABA+LAMA+ICS groups. 
Minimum clinically important difference (MCID) was defined as a CAT score decrease of ≥ 2 during six months of follow-up. We 
recorded the number of exacerbations and mortality during one year of follow-up.
Results: A total of 834 (67.5%) non-frequent exacerbation patients with COPD were included in this study. The non-frequent 
exacerbation patients had a higher education level and body mass index (BMI), and lower CAT and mMRC scores (P<0.05). In 
addition, the non-frequent exacerbation patients had lower mortality and risk of future exacerbation, and were more likely to attain 
MCID (P<0.05). Furthermore, the non-frequent exacerbation patients with more symptomatic COPD treated with LABA+LAMA or 
LABA+LAMA+ICS were more likely to attain MCID and had a lower risk of future exacerbation (P<0.05). However, there were no 
significant differences among the different inhalation therapies in non-frequent exacerbation patients with less symptomatic COPD.
Conclusion: The non-frequent exacerbation patients with COPD had a higher education level and BMI, a lower symptom burden, and 
better outcomes. In addition, LABA+LAMA should be recommended to non-frequent exacerbation patients with more symptomatic 
COPD, while mono-LAMA should be recommended to non-frequent exacerbation patients with less symptomatic COPD as the initial 
inhalation therapy.
Keywords: chronic obstructive pulmonary disease, non-frequent exacerbation, minimum clinically important difference, mortality, 
inhalation therapy

Introduction
Chronic obstructive pulmonary disease (COPD) is the most common chronic respiratory disease. It has high morbidity 
and mortality and exerts a huge burden on society.1 Therefore, identifying effective treatment is urgent.
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Exacerbation is the important deterioration events in patients with COPD; it could lead to pulmonary function decline, 
worse health-related quality of life, a higher risk of future exacerbation, and mortality.2–4 In fact, previous study 
confirmed that even patients with COPD at a low risk of exacerbation also experience a severe risk of future exacerbation 
and mortality, while this has been relatively ignored.5 In addition, the clinical characteristics of non-frequent exacerbation 
patients with COPD have not described completely in the Chinese population.

Furthermore, it is necessary to recommend appropriate inhalation therapy for non-frequent exacerbation patients to reduce 
symptoms and risk of future exacerbation. In fact, long-term inhalation therapy including long-acting muscarinic antagonists 
(LAMA), long-acting beta-2-agonists (LABA)+inhaled corticosteroids (ICS), LABA+LAMA, and LABA+LAMA+ICS are the 
first choice for patients with stable COPD in the real world.6 Currently, frequent exacerbation patients with COPD have received 
considerable attention. The frequent exacerbation patients treated with ICS in addition to LAMA and LABA have a lower risk of 
exacerbation and mortality.7 However, ICS treatment increases the risk of pneumonia, so selection of patients with a low 
exacerbation risk may also be of clinical importance.8 Although, previous randomized controlled trials (RCTs) have confirmed the 
effectiveness of different inhaled bronchodilators with strict inclusion and exclusion criteria to reduce the risk of 
exacerbation.7,9,10 However, there is a lack of real-world data on the effects among different inhalation therapies in non- 
frequent exacerbation patients with COPD in the Chinese population which is crucial and the complexities of clinical practice 
needed to be fully considered.

Therefore, the purpose of this study was to analyze the clinical characteristics and outcomes in non-frequent 
exacerbation patients with COPD in the Chinese population, and to explore the outcomes among different inhalation 
therapies in non-frequent exacerbation patients.

Patients and Methods
Study Participants
This was a retrospective cohort study. All subjects were from the outpatient COPD database (Register number: ChiCTR- 
POC-17010431) that includes 12 hospitals (Supplement Table 1). The patients had been diagnosed with COPD between 
December 2016 and February 2022 according to the Global Initiative for Chronic Obstructive Lung Disease (GOLD) 
2017 report: a ratio of forced expiratory volume in one second to forced vital capacity (FEV1/FVC) of < 0.70 after 
inhaling a bronchodilator.11 Patients with asthma, lung cancer, pneumonia, bronchiectasis, and severe heart, liver or 
kidney disease were excluded from this study.

This study was conducted in accordance with the Declaration of Helsinki and approved by the Ethics Committee of 
the Second Xiangya Hospital of Central South University (Hunan, China). All patients provided their informed consent.

Determination of the Sample Size
We used the PASS software (version 15.0.5) to calculate the sample size, with a proportion of non-frequent exacerbation 
patients with COPD of 0.65 based on a previous study,12 a confidence level of 0.95, and a confidence interval width (two- 
sided) of 0.08. Considering a dropout rate 20%, the minimum sample size was 712.

Data Collection
Data including age, sex, education level, body mass index (BMI), smoke history, FEV1%pred, FEV1/FVC, GOLD grades, 
COPD Assessment Test (CAT) scores, modified Medical Research Council (mMRC) scores, the number of exacerbations in 
the past year, and inhalation therapy regimens were collected at the patient’s first visit. At the six months follow-up, the CAT 
score was recorded. The number of exacerbations and mortality were collected during one year of follow-up.

Study Procedures
First, we classified the patients with COPD into the non-frequent exacerbation group, < 2 exacerbations in the past year, and 
frequent exacerbation group, ≥ 2 exacerbations in the past year, to determine the clinical characteristics and outcomes.

Then, we classified the non-frequent exacerbation patients into the less symptomatic group, with a CAT score of ≤ 10 and 
mMRC score of ≤ 1, and the more symptomatic group, a with CAT score of ≥ 10 or mMRC score of ≥ 2. Finally, we classified the 
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non-frequent exacerbation patients with less and more symptomatic into the LAMA, LABA+ICS, LABA+LAMA, and LABA 
+LAMA+ICS groups based on the inhalation therapy regimens that they received at their first hospital visit.11 Thus, we analyzed 
the outcomes among the LAMA, LABA+LAMA, LABA+ICS, and LABA+LAMA+ICS in non-frequent exacerbation patients 
with less symptomatic COPD. Also, we analyzed the outcomes among the LAMA, LABA+LAMA, LABA+ICS, and LABA 
+LAMA+ICS in non-frequent exacerbation patients with more symptomatic COPD.

Variable Definitions
The minimum clinically important difference (MCID) was defined as a CAT score decrease of ≥ 2, and clinically 
symptom deterioration (CSD) was defined as a CAT score increase of ≥ 2 during six months of follow-up.13 An 
exacerbation is a COPD progression that requires antibiotics, oral corticosteroids, or hospitalization.14 A current- 
smoker has had smoking exposure of ≥ 10 pack/years, while an ex-smoker has had ≥ 10 pack/years but had not smoked 
for more than 6 months. We defined prescription outcomes including adjusted treatment as a change in the inhalation 
therapy drugs or stopping inhalation therapy drugs more than three months during one year of follow-up.15

Statistical Analysis
SPSS 26.0 (IBM, Armonk, NY, USA) and Free Statistics software version 1.7.1 (Beijing, China) were used for statistical analysis 
of the data. Continuous variables with a normal distribution and homogeneity of variance were analyzed with Student’s t test; 
otherwise, non-parametric tests were used. The chi-square test was used to analyze categorical variables. Logistic regression was 
used to analyze associations of non-frequent exacerbation patient characteristics with the variables (P values < 0.05) listed in 
Table 1, and adjusted odds ratio (aOR) and adjusted 95% confidence interval (a95% CI) were calculated. Multivariate analysis for 
outcomes among different inhalation therapies in non-frequent exacerbation patients and variables in the model including therapy, 
prescription outcomes, age, sex, education level, BMI, smoke history, biofuel exposure, FEV1%, FEV1/FVC, CAT scores and 
mMRC scores. To analyze the outcomes, the 1:1 propensity score matching (PSM) between non-frequent exacerbation and 
frequent exacerbation patients was conducted by using package R 2.15.3 (http://www.R-project.org) to control the confounding 

Table 1 The Clinical Characteristics of Non-Frequent Exacerbation Patients with COPD

Variables Total 
(N=1235)

Non-Frequent  
Exacerbation 

(N=834)

Frequent  
Exacerbation 

(N=401)

P value

Age (years) 64.3 ± 8.3 63.9 ± 8.4 65.2 ± 8.0 0.012
Sex, n (%) 0.713

Male 1081 (87.5) 732 (87.8) 349 (87.0)

Female 154 (12.5) 102 (12.2) 52 (13.0)
Education level, n (%) 0.002

Under junior high school 905 (73.3) 589 (70.6) 316 (78.8)

Over high school 330 (26.7) 245 (29.4) 85 (21.2)
BMI (kg/m2) 22.5 ± 3.4 22.8 ± 3.3 21.9 ± 3.4 <0.001
BMI, n (%) <0.001

< 18.5 161 (13.0) 87 (10.4) 74 (18.5)
18.5–23.9 668 (54.1) 452 (54.2) 216 (53.8)

≥ 24 406 (32.9) 295 (35.4) 111 (27.7)

Smoke history, n (%) 0.180
Never smoker 268 (21.7) 176 (21.1) 92 (22.9)

Former smoker 462 (37.4) 302 (36.2) 160 (39.9)

Current smoker 505 (40.9) 356 (42.7) 149 (37.2)
Smoke (pack/year) (Median, IQR) 33 (12, 50) 34 (15, 50) 31 (10, 50) 0.291

Biofuel exposure, n (%) 0.285
No 738 (59.8) 507 (60.8) 231 (57.6)

Yes 497 (40.2) 327 (39.2) 170 (42.4)

(Continued)
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variable including age, sex, education level, BMI, smoke history, smoking (pack/year), biofuel exposure, FEV1%, FEV1/FVC, 
CAT scores, mMRC scores and therapy. A value of P values < 0.05 was considered to be statistically significant.

Results
The Clinical Characteristics of the COPD Patients
A total of 1235 patients with COPD were enrolled in this study (Figure 1). The mean age was 64.3 ± 8.3 years. 834 
(67.5%) were non-frequent exacerbation patients with COPD.

The non-frequent exacerbation patients with COPD had lower ages, CAT and mMRC scores, and higher BMI, 
education level, FEV1%pred and FEV1/FVC (P < 0.05). In addition, the proportion of non-frequent exacerbation patients 
treated with LABA+LAMA+ICS was smaller (P<0.05) (Table 1).

Factors Correlated with the Non-Frequent Exacerbation Patients with COPD
After adjusting for age, FEV1/FVC, and GOLD grades, logistic regression revealed that the over high school education level (aOR 
= 1.388, a95% CI = 1.037–1.858), BMI 18.5–23.9 kg/m2 (aOR = 1.455, a95% CI = 1.012–2.091) and BMI more than 24 kg/m2 

(aOR = 1.666, a95% CI = 1.121–2.475) were positively correlated with non-frequent exacerbation patients with COPD (P<0.05). 
However, CAT scores of 10–19 (aOR = 0.509, a95% CI = 0.355–0.731), 20–29 (aOR = 0.271, a95% CI = 0.178–0.415), and ≥ 30 
(aOR = 0.257, a95% CI = 0.112–0.591), and mMRC scores of ≥ 2 (aOR = 0.705 a95% CI = 0.525–0.948) were negatively 
correlated with non-frequent exacerbation patients with COPD (P<0.05) (Table 2).

Table 1 (Continued). 

Variables Total 
(N=1235)

Non-Frequent  
Exacerbation 

(N=834)

Frequent  
Exacerbation 

(N=401)

P value

Pulmonary function, (Mean ± SD)

FEV1%pred 52.0 ± 19.8 53.9 ± 20.0 48.1 ± 18.6 <0.001
FEV1/FVC 46.9 ± 12.0 47.9 ± 12.0 44.9 ± 11.7 <0.001

GOLD grades, n (%) <0.001
1 110 (8.9) 86 (10.3) 24 (6.0)

2 497 (40.2) 362 (43.4) 135 (33.7)
3 475 (38.5) 301 (36.1) 174 (43.3)

4 153 (12.4) 85 (10.2) 68 (17.0)

CAT, (Mean ± SD) 13.5 ± 6.3 17.0 ± 6.5 <0.001
CAT, n (%) <0.001

<10 278 (22.5) 230 (27.6) 48 (12.0)

10–19 685 (55.5) 468 (56.1) 217 (54.1)
20–29 245 (19.8) 123 (14.7) 122 (30.4)

≥30 27 (2.2) 13 (1.6) 14 (3.5)

mMRC, (Median, IQR) 2 (1, 3) 2 (1, 2) 2 (2, 3) <0.001
mMRC, n (%) <0.001

0–1 392 (31.7) 303 (36.3) 89 (22.2)

≥ 2 843 (68.3) 531 (63.7) 312 (77.8)
Therapy, n (%)

LAMA 307 (24.9) 213 (25.5) 94 (23.4) 0.424
LABA+ICS 153 (12.4) 113 (13.5) 40 (10.0) 0.074

LABA+LAMA 226 (18.3) 161 (19.3) 65 (16.2) 0.188

LABA+LAMA+ICS 549 (44.4) 347 (41.7) 202 (50.4) 0.004

Note: The bold P values indicate statistical significance. 
Abbreviations: BMI, Body Mass Index; COPD, Chronic Obstructive Pulmonary Disease; CAT, COPD Assessment Test; FEV1, Forced Expiratory 
Volume in one second; FVC, Forced Vital Capacity; ICS, Inhaled Corticosteroids; GOLD, Global Initiative for Chronic Obstructive Lung Disease; 
LAMA, Long-Acting Muscarinic Antagonist; LABA, Long-Acting β2-Agonist; mMRC, modified Medical Research Council.
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The Outcomes of Non-Frequent Exacerbation Patients with COPD
There were 713 (67.3%) non-frequent exacerbation patients after one year of follow-up. After 1:1 PSM, there were 312 
non-frequent exacerbation patients were to analyze the outcomes. The baseline clinical characteristics showed no 
significant differences (Supplement Table 2).

Figure 1 Flow chart. 
Abbreviations: COPD, Chronic Obstructive Pulmonary Disease; ICS, Inhaled Corticosteroids; LAMA, Long-Acting Muscarinic Antagonist; LABA, Long-Acting β2-Agonist.

Table 2 Multivariate Analysis of Relative Factors for Non-Frequent Exacerbation 
Patients with COPD

Variables aOR a95% CI P value

Education level

Under junior high school Reference

Over high school 1.388 1.037–1.858 0.028
BMI

< 18.5 Reference

18.5–23.9 1.455 1.012–2.091 0.043
≥ 24 1.666 1.121–2.475 0.012

CAT

< 10 Reference
10–19 0.509 0.355–0.731 <0.001
20–29 0.271 0.178–0.415 <0.001
≥ 30 0.257 0.112–0.591 0.001

mMRC

0–1 Reference

≥ 2 0.705 0.525–0.948 0.021

Notes: Multivariate analysis adjusting for age, FEV1/FVC and GOLD grades. The bold P values indicate 
statistical significance. 
Abbreviations: aOR, Adjusted Odds Ratio; a95% CI, Adjusted 95% Confidence Interval; BMI, Body Mass 
Index; COPD, Chronic Obstructive Pulmonary Disease; CAT, COPD Assessment Test; FEV1, Forced 
Expiratory Volume in one second; FVC, Forced Vital Capacity; GOLD, Global Initiative for Chronic 
Obstructive Lung Disease; mMRC, modified Medical Research Council.
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As described in Table 3, the non-frequent exacerbation patients with COPD had a lower risk of future exacerbation 
and mortality. In addition, the non-frequent exacerbation patients were more likely to attain MCID and had greater 
changes in CAT scores (P<0.05).

The Outcomes Among Different Inhalation Therapies in Non-Frequent Exacerbation 
Patients with COPD
A total of 713 non-frequent exacerbation patients were classified into the LAMA (24.3%), LABA+ICS (14.9%), LABA 
+LAMA (19.2%), and LABA+LAMA+ICS (41.6%) groups. After adjusting for sex, age, education level, smoke history, 
FEV1%pred, FEV1/FVC, CAT scores, mMRC scores, and prescription outcomes. The non-frequent exacerbation patients 
with COPD treated with LABA+LAMA or LABA+LAMA+ICS were more likely to attain MCID and had a lower future 
exacerbation risk than those treated with LAMA or LABA+ICS (P < 0.05) (Tables 4 and Supplement Table 3).

The Outcomes Among Different Inhalation Therapies in Non-Frequent Exacerbation 
Patients with Less Symptomatic COPD
A total of 117 non-frequent exacerbation patients with less symptomatic COPD were classified into the LAMA (35.0%), 
LABA+ICS (23.9%), LABA+LAMA (10.3%), and LABA+LAMA+ICS (30.8%) groups. After adjusting for sex, age, 
education level, smoke history, FEV1%pred, FEV1/FVC, CAT scores, mMRC scores, and prescription outcomes. There 
were no significant differences among different inhalation therapies in non-frequent exacerbation patients with less 
symptomatic COPD (Table 5 and Supplement Table 4).

Table 3 The Outcomes of Non-Frequent Exacerbation Patients with COPD After Propensity Score Matching

Variables Total 
(N=624)

Non-Frequent 
Exacerbation  

(N=312)

Frequent 
Exacerbation  

(N=312)

P value

ΔCAT, (Median, IQR) 3 (−1, 8) 4 (0, 9) 2 (−1, 7) 0.027
MCID of CAT, n (%) 0.032

Yes 368 (60.3) 200 (64.5) 168 (56.0)

No 242 (39.7) 110 (35.5) 132 (44.0)

CSD of CAT, n (%) 0.544
Yes 126 (20.7) 61 (19.7) 65 (21.7)

No 484 (79.3) 249 (80.3) 235 (78.3)

Exacerbations during one year, (Median, IQR) 0 (0, 1) 0 (0, 1) 0 (0, 1) 0.004
Exacerbations, n (%) 0.027

No 426 (70.1) 229 (74.1) 197 (65.9)
Yes 182 (29.9) 80 (25.9) 102 (34.1)

Frequent exacerbations, n (%) <0.001
No 521 (86.2) 285 (92.2) 239 (79.9)
Yes 84 (13.8) 24 (7.8) 60 (20.1)

Hospitalizations during one year, (Median, IQR) 0 (0, 0) 0 (0, 0) 0 (0, 0) 0.867

Hospitalizations, n (%) 0.960
No 521 (85.7) 265 (85.8) 256 (85.6)

Yes 87 (14.3) 44 (14.2) 43 (14.4)

Mortality, n (%) 16 (2.6) 3 (1.0) 13 (4.2) 0.011
Prescription outcomes, n (%) 0.163

Adjusted treatment 126 (20.2) 56 (17.9) 70 (22.4)

Continuous using 498 (79.8) 256 (82.1) 242 (77.6)

Note: The bold P values indicate statistical significance. 
Abbreviations: COPD, Chronic Obstructive Pulmonary Disease; CAT, COPD Assessment Test; CSD, Clinically Symptom Deterioration; 
MCID, Minimal Clinically Important Difference; ΔCAT, CAT scores at 6-month visits from baseline.
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Table 4 The Outcomes Among Different Inhalation Therapies in Non-Frequent Exacerbation Patients with COPD

Variables Total 
(N=713)

LAMA 
(N=173)

LABA+LAMA 
(N=137)

LABA+ICS 
(N=106)

LABA+LAMA+ICS 
(N=297)

P value

ΔCAT, (Median, IQR) 2 (−2, 5) 1 (−2, 5) 3 (0, 7)*,& 0 (−3, 5.5) 3 (−1, 7)*,& <0.001
MCID, n (%) <0.001

Yes 365 (52.4) 71 (41.5) 86 (64.7)*,& 43 (41.7) 165 (57.1)*,&

No 331 (47.6) 100 (58.5) 47 (35.3) 60 (58.3) 124 (42.9)

CSD, n (%) 0.020
Yes 178 (25.6) 55 (32.2) 25 (18.8) 32 (31.1) 66 (22.8)
No 518 (74.4) 116 (67.8) 108 (81.2) 71 (68.9) 223 (77.2)

Exacerbations during one year, 
(Median, IQR)

0 (0, 1) 0 (0, 1) 0 (0, 0)*,& 0 (0, 1) 0 (0, 0)*,& 0.006

Exacerbations, n (%) 0009
No 511 (73.4) 116 (67.8) 108 (81.2)*,& 67 (65.0) 220 (76.1)*,&

Yes 185 (26.6) 55 (32.2) 25 (18.8) 36 (35.0) 69 (23.9)

Frequent exacerbations, n (%) 0.002
No 634 (91.1) 149 (87.1) 129 (97.0)*,& 92 (89.3) 274 (94.8)*,&

Yes 62 (8.9) 22 (12.9) 4 (3.0) 11 (10.7) 15 (5.2)

Hospitalizations during one year, 

(Median, IQR)

0 (0, 0) 0 (0, 0) 0 (0, 0) 0 (0, 0) 0 (0, 0) 0.647

Hospitalizations, n (%) 0.689

No 598 (85.9) 148 (86.5) 118 (88.7) 88 (85.4) 244 (84.4)

Yes 98 (14.1) 23 (13.5) 15 (11.3) 15 (14.6) 45 (15.6)
Mortality, n (%) 17 (2.4) 2 (1.2) 4 (2.9) 3 (2.8) 8 (2.7) 0.664

Notes: *Compared with LAMA group, P<0.05; &Compared with LABA+ICS group, P<0.05. The bold P values indicate statistical significance. 
Abbreviations: COPD, Chronic Obstructive Pulmonary Disease; CAT, COPD Assessment Test; CSD, Clinically Symptom Deterioration; ICS, Inhaled Corticosteroids; 
LAMA, Long-Acting Muscarinic Antagonist; LABA, Long-Acting β2-Agonist; MCID, Minimal Clinically Important Difference; ΔCAT, CAT scores at 6-month visits from 
baseline.

Table 5 The Outcomes Among Different Inhalation Therapies in Non-Frequent Exacerbation Patients with Less Symptomatic COPD

Variables Non-Frequent Exacerbation Patients with Less Symptomatic P value

Total 
(N=117)

LAMA 
(N=41)

LABA+LAMA 
(N=12)

LABA+ICS 
(N=28)

LABA+LAMA+ICS 
(N=36)

ΔCAT, (Median, IQR) 0 (−3, 1) 0 (−3, 2) 0.5 (−1, 1) 0 (−4, 0) 0 (−5.2, 1.2) 0.267

MCID, n (%) 0.301

Yes 29 (24.8) 14 (34.1) 2 (16.7) 4 (14.3) 9 (25.0)
No 88 (75.2) 27 (65.9) 10 (83.3) 24 (85.7) 27 (75.0)

CSD, n (%) 0.442

Yes 45 (38.5) 17 (41.5) 2 (16.7) 12 (42.9) 14 (38.9)
No 72 (61.5) 24 (58.5) 10 (83.3) 16 (57.1) 22 (61.1)

Exacerbations during one year, 

(Median, IQR)

0 (0, 0) 0 (0, 0) 0 (0, 0) 0 (0, 1) 0 (0, 1) 0.189

Exacerbations, n (%) 0.156

No 91 (77.8) 33 (80.5) 12 (100.0) 20 (71.4) 26 (72.2)

Yes 26 (22.2) 8 (19.5) 0 (0.0) 8 (28.6) 10 (27.8)
Frequent exacerbations, n (%) 0.827

No 111 (94.9) 39 (95.1) 12 (100.0) 27 (96.4) 33 (91.7)

Yes 6 (5.1) 2 (4.9) 0 (0.0) 1 (3.6) 3 (8.3)

(Continued)
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The Outcomes Among Different Inhalation Therapies in Non-Frequent Exacerbation 
Patients with More Symptomatic COPD
A total of 596 non-frequent exacerbation patients with more symptomatic COPD were classified into the LAMA (22.1%), 
LABA+ICS (13.1%), LABA+LAMA (21.0%), and LABA+LAMA+ICS (43.8%) groups. After adjusting for sex, age, 
education level, smoke history, FEV1%pred, FEV1/FVC, CAT scores, mMRC scores, and prescription outcomes. The non- 
frequent exacerbation patients with more symptomatic COPD treated with LABA+LAMA or LABA+LAMA+ICS were more 
likely to attain MCID, had a lower future exacerbation risk, and had greater changes in CAT scores than patients treated with 
LAMA or LABA+ICS. However, there were no significant differences between LABA+LAMA and LABA+LAMA+ICS in 
MCID, CSD, future exacerbation, and mortality (Table 6, Supplement Tables 5 and 6).

Table 5 (Continued). 

Variables Non-Frequent Exacerbation Patients with Less Symptomatic P value

Total 
(N=117)

LAMA 
(N=41)

LABA+LAMA 
(N=12)

LABA+ICS 
(N=28)

LABA+LAMA+ICS 
(N=36)

Hospitalizations during one year, 
(Median, IQR)

0 (0, 0) 0 (0, 0) 0 (0, 0) 0 (0, 0) 0 (0, 0) 0.162

Hospitalizations, n (%) 0.206

No 102 (87.2) 37 (90.2) 12 (100.0) 25 (89.3) 28 (77.8)
Yes 15 (12.8) 4 (9.8) 0 (0.0) 3 (10.7) 8 (22.2)

Mortality, n (%) 0 (0, 0) 0 (0, 0) 0 (0, 0) 0 (0, 0) 0 (0, 0) N/A

Abbreviations: COPD, Chronic Obstructive Pulmonary Disease; CAT, COPD Assessment Test; CSD, Clinically Symptom Deterioration; ICS, Inhaled Corticosteroids; LAMA, Long- 
Acting Muscarinic Antagonist; LABA, Long-Acting β2-Agonist; MCID, Minimal Clinically Important Difference; N/A, Not applicable; ΔCAT, CAT scores at 6-month visits from baseline.

Table 6 The Outcomes Among Different Inhalation Therapies in Non-Frequent Exacerbation Patients with More Symptomatic COPD

Variables Non-Frequent Exacerbation Patients with More Symptomatic P value

Total 
(N=596)

LAMA 
(N=132)

LABA+LAMA 
(N=125)

LABA+ICS 
(N=78)

LABA+LAMA+ICS 
(N=261)

ΔCAT, (Median, IQR) 3 (−1, 7) 1 (−2, 6) 4 (0, 7)*,& 2 (−2, 6.5) 4 (−1, 8)*,& 0.008
MCID, n (%) <0.001

Yes 336 (58.0) 57 (43.8) 84 (69.4)*,& 39 (52.0) 156 (61.7)*,&

No 243 (42.0) 73 (56.2) 37 (30.6) 36 (48.0) 97 (38.3)
CSD, n (%) 0.147

Yes 133 (23.0) 38 (29.2) 23 (19.0) 20 (26.7) 52 (20.6)

No 446 (77.0) 92 (70.8) 98 (81.0) 55 (73.3) 201 (79.4)
Exacerbations during one year, 

(Median, IQR)

0 (0, 1) 0 (0, 1) 0 (0, 0)*,& 0 (0, 1) 0 (0, 0)*,& 0.002

Exacerbations, n (%) 0.004
No 420 (72.5) 83 (63.8) 96 (79.3)*,& 47 (62.7) 194 (76.7)*,&

Yes 159 (27.5) 47 (36.2) 25 (20.7) 28 (37.3) 59 (23.3)

Frequent exacerbations, n (%) 0.008
No 523 (90.3) 110 (84.6) 117 (96.7)*,& 65 (86.7) 231 (91.3)*,&

Yes 56 (9.7) 20 (15.4) 4 (3.3) 10 (13.3) 22 (8.7)
Hospitalizations during one year, 

(Median, IQR)

0 (0, 0) 0 (0, 0) 0 (0, 0) 0 (0, 0) 0 (0, 0) 0.870

Hospitalizations, n (%) 0.904
No 496 (85.7) 111 (85.4) 106 (87.6) 63 (84.0) 216 (85.4)

Yes 83 (14.3) 19 (14.6) 15 (12.4) 12 (16.0) 37 (14.6)

Mortality, n (%) 17 (2.9) 2 (1.5) 4 (3.2) 3 (3.8) 8 (3.1) 0.699

Notes: *Compared with LAMA group, P<0.05; &Compared with LABA+ICS group, P<0.05. The bold P values indicate statistical significance. 
Abbreviations: COPD, Chronic Obstructive Pulmonary Disease; CAT, COPD Assessment Test; CSD, Clinically Symptom Deterioration; ICS, Inhaled Corticosteroids; LAMA, 
Long-Acting Muscarinic Antagonist; LABA, Long-Acting β2-Agonist; MCID, Minimal Clinically Important Difference; ΔCAT, CAT scores at 6-month visits from baseline.
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Discussion
Exacerbation is an important deterioration event in patients with COPD that could aggravate the progression of the 
disease. However, non-frequent exacerbation patients have been relatively ignored in COPD studies. Therefore, it is 
important to elucidate the clinical characteristics of these patients to identify better COPD prevention strategies. In this 
study, the non-frequent exacerbation patients accounted for 67.5%. This finding is consistent with previous studies that 
reported nearly 65% of the included non-frequent exacerbation patients.12,16 In addition, the majority of the patients had 
a low education level. In fact, China is a developing country and the overall level of education is not high in early time. 
Furthermore, in this study, we found that non-frequent exacerbation patients had a lower age and symptoms scores, and 
higher BMI, FEV1%pred, FEV1/FVC, and education level. Wu et al17 also found that non-frequent exacerbation patients 
had higher FEV1%pred and FEV1/FVC. Tashiro et al18 found that non-frequent exacerbation patients had higher BMI 
and FEV1%pred. These results are similar to our study. In addition, we are the first to identify several independent 
relative factors for non-frequent exacerbation patients with COPD, including over high school education level, BMI, 
CAT scores, and mMRC scores.

We also found that non-frequent exacerbation patients had a lower risk of future exacerbation, frequent exacerbation, 
and mortality. Larsson et al19 also found that compared with those having no or only one exacerbation, mortality was 
higher in patients with ≥ 2 annual exacerbations. In addition, the higher the exacerbation rate, the faster pulmonary 
function declined. Another study confirmed that an increasing number and severity of exacerbations were associated with 
increasing risk of future exacerbation and mortality.20 Furthermore, we are the first to find that non-frequent exacerbation 
patients with COPD are more likely to attain symptom improvement.

Inhalation drugs are the main treatment that could reduce symptoms and the risk of exacerbation and mortality, and 
improve the health status of patients with stable COPD.21,22 In our previous study, we found that non-frequent 
exacerbation patients had better outcomes. Therefore, we investigated which inhalation drugs would be better for non- 
frequent exacerbation patients with less symptomatic and more symptomatic COPD, respectively. We found that non- 
frequent exacerbation patients with more symptomatic COPD treated with LABA+LAMA or LABA+LAMA+ICS were 
more likely to attain MCID and had a lower risk of future exacerbation than those treated with LAMA or LABA+ICS. In 
fact, based on the EMAX study, LABA+LAMA consistently provides early and sustained improvements in lung function 
and symptoms and reduces the risk of deterioration/treatment failure versus LAMA or LABA in patients with more 
symptomatic COPD and a low exacerbation risk.23 Ferguson et al24 confirmed that COPD patients without exacerbation 
in the past year treated with LABA+LAMA+ICS had a lower risk of future exacerbation than treated with LABA+ICS. 
Based on the ILLUMINATE study, LABA+LAMA provides significant, sustained, and clinically meaningful improve
ments in lung function versus LABA+ICS. These results indicate the potential of dual bronchodilation as a treatment 
option for non-frequent exacerbation patients with more symptomatic COPD.25 However, it is notes that there were no 
significant differences between LABA+LAMA and LABA+LAMA+ICS in MCID, CSD, future exacerbation, and 
mortality. It implied that LABA+LAMA should be recommended to the non-frequent exacerbation patients with more 
symptomatic COPD as the initial inhalation therapy.

Interestingly, we found that the MCID, CSD, future exacerbation, and mortality showed no significant differences 
among the different inhalation therapies in non-frequent exacerbation patients with less symptomatic COPD. In fact, 
there were no RCTs conducted to explore the outcomes among different inhalation therapies in patients with less 
symptomatic COPD. A previous study confirmed that the future exacerbation and mortality showed no significant 
differences among different inhalation therapies in patients with less symptomatic COPD.26 It implied that mono- 
LAMA should be recommended to the non-frequent exacerbation patients with less symptomatic COPD as the initial 
inhalation therapy.

This study has some limitations. There were 121 (14.5%) non-frequent exacerbation patients lost to contact during 
follow-up. However, we found that the characteristics of the patients lost to follow-up and those that remained in the 
study were not significantly different (Supplement Table 7). The number of non-frequent exacerbation patients with less 
symptomatic COPD were relatively small, so larger samples sizes studies are needed in the future.
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Conclusions
The non-frequent exacerbation patients with COPD had a higher education level and BMI, a lower symptom burden, and 
better outcomes. In addition, LABA+LAMA should be recommended to non-frequent exacerbation patients with more 
symptomatic COPD, while mono-LAMA should be recommended to non-frequent exacerbation patients with less 
symptomatic COPD as the initial inhalation therapy.

Abbreviations
BMI, Body Mass Index; COPD, Chronic Obstructive Pulmonary Disease; CAT, COPD Assessment Test; CSD, Clinically 
Symptom Deterioration; a95% CI, Adjusted 95% Confidence Intervals; FEV1, Forced Expiratory Volume in one second; 
FVC, Forced Vital Capacity; GOLD, Global Initiative for Chronic Obstructive Lung Disease; ICS, Inhaled 
Corticosteroids; IQR, Interquartile Range; LAMA, Long-Acting Muscarinic Antagonist; LABA, Long-Acting 
β2-Agonist; mMRC, Modified Medical Research Council; MCID, Minimum Clinically Important Difference; aOR, 
Adjusted Odds Ratio; PSM, Propensity Score Matching; RCTs, Randomized Controlled Trials.
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