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47 Abstract

48 Objectives: The Global Initiative for Chronic Obstructive Lung Disease (GOLD) 2017 

49 classified chronic obstructive pulmonary disease (COPD) patients into more symptomatic 

50 group. Our purpose was to analyze the clinical characteristics and risk of exacerbation 

51 and mortality in more symptomatic patients. 

52 Methods: This cohort study including stable COPD patients who were classified into 

53 more symptomatic group based on GOLD 2017. All patients were followed up for 18 

54 months. We collected baseline data and recorded the number of exacerbations, 

55 hospitalizations and mortality during follow-up. A logistic regression was conducted to 

56 determine the independent risk factors for mortality and future exacerbation.

57 Results: The more symptomatic patients were older, with higher Clinical COPD 

58 Questionnaire (CCQ), and more severe airflow limitation, as well as higher number of 

59 exacerbations and hospitalizations in the past year (P < 0.05). The logistic regression 

60 showed that having more symptoms was correlated with CCQ and exacerbations in the 

61 past year (P < 0.05). After patients were followed up, there were a higher number of 

62 exacerbations and hospitalizations, as well as higher mortality rates in more symptomatic 

63 patients (P < 0.05). The multivariate model showed that age (OR = 1.050, 95% CI = 

64 1.012-1.090), smoking (OR = 1.012, 95% CI = 1.003-1.020), and COPD assessment test 

65 (OR = 1.101, 95% CI = 1.049-1.155) were independently associated with mortality, while 

66 current-smoker (OR = 1.411, 95% CI = 1.066-1.869), modified Medical Research 

67 Council (OR = 1.301, 95% CI = 1.131-1.497) and exacerbations in the past year (OR = 

68 1.081, 95% CI = 1.035-1.130) were independently associated with future exacerbation in 

69 more symptomatic COPD patients (P < 0.05).
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70 Conclusions: More symptomatic COPD patients have worse outcomes. In addition, 

71 several independent risk factors for exacerbation and mortality were identified. Therefore, 

72 clinicians should be aware of these risk factors and take them into account during 

73 interventions.

74 Keywords: COPD, more symptomatic, Mortality, Exacerbation, GOLD

75 Strengths and limitations of this study

76 The main strength of the paper is that it uses the realistic data to reveal the symptomatic 

77 COPD patients have worse lung function and outcomes and explores the independent risk 

78 factors for future exacerbation and mortality in more symptomatic COPD patients 

79 according to GOLD guidelines.

80 The main limitation of this study is that there are 281 more symptomatic COPD patients 

81 lost to contact during follow-up and lacking data on comorbidities.

82
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91 Introduction

92 Chronic obstructive pulmonary disease (COPD) is a serious chronic respiratory disease 

93 that typically features persistent respiratory symptoms, such as cough, expectoration, and 

94 dyspnea. This disease has brought a huge burden of mortality to humanity;1-2 therefore, 

95 prevention and treatment is urgent.

96 Breathlessness, cough, and sputum production are common symptoms of COPD, 

97 bringing a huge burden to patients. Some may experience deterioration of their symptoms 

98 and need additional treatment.3 The COPD assessment test (CAT) and modified Medical 

99 Research Council (mMRC) cover several dimensions, such as dyspnea, cough, 

100 expectoration, confidence, limitation of daily activities and chest tightness, and are used 

101 as an indicator to measure the effect of symptoms on the health of COPD patients.4-5 The 

102 higher the CAT and mMRC scores, the more symptoms the patients have, and the greater 

103 the impact on patient’s health.6 Ding et al.7 found that as the CAT score increased, the 

104 frequency of primary care physician visits also increased. Kim et al.8 found that COPD 

105 patients with increased mMRC scores had a higher risk of exacerbation, more severe 

106 airflow limitation and respiratory symptoms when compared with patients with 

107 unchanged mMRC scores after one year of follow-up. In addition, a study showed that 

108 the BODE (body mass index, air-flow obstruction, dyspnea, exercise capacity) index 

109 includes dyspnea as a meaningful marker of future exacerbation risk.9 In fact, some 

110 COPD patients only experience cough or breathlessness, while some patients have 

111 multiple respiratory symptoms, including cough, expectoration, chest tightness and 

112 dyspnea. 
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113 The Global Initiative for Chronic Obstructive Lung Disease (GOLD) 2017 evaluated 

114 COPD patients based on CAT or mMRC, and exacerbation risk to better guide treatment, 

115 dividing patients into those with more symptomatic and less symptomatic.10 A Japanese 

116 study found that the COPD patients in the more symptomatic group were older, with 

117 more severe airflow limitation and higher exacerbation rates according to the GOLD 

118 2017 classification; however, the number of patients with more symptomatic in this study 

119 was small.11 In addition, several studies have shown that more symptomatic COPD 

120 patients account for the majority.12-15 In addition, Cabrera López et al.16 found that the 

121 risk of mortality was higher in Groups B and D than in Groups A and C according to the 

122 GOLD 2017 classification. However, the clinical characteristics and outcomes in more 

123 symptomatic COPD patients remained unclear. Therefore, our purpose was to analyze the 

124 clinical-functional characteristics and related risk factors, as well as risk of future 

125 exacerbation and mortality in more symptomatic COPD patients.

126 Methods

127 Study participants 

128 We conducted observational cohort study that captured the patients listed from 

129 September 2017 to December 2019 in the outpatient department database. The study was 

130 registered in the Chinese Clinical Trial Registry (ChiCTR-POC-17010431). The 

131 inclusion criterion for COPD patients was a ratio of forced expiratory volume in 1s to 

132 forced vital capacity (FEV1/FVC) < 0.70 after bronchodilator administration. Patients 

133 with interstitial lung disease, bronchiectasis, pneumonia, asthma, pleural effusion, lung 

134 cancer or active tuberculosis were excluded from the study.
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135 We confirm that this study was conducted in accordance with the Declaration of Helsinki 

136 and approved by the Ethics Committee of the Second Xiangya Hospital of Central South 

137 University. All patients in this study were written informed consent. 

138 Patient and public involvement

139 Patients and the public were not involved in the conception of this study, development of 

140 the research question, interpretation of the results or manuscript writing.

141 Study procedures

142 All included COPD patients underwent 18 months of follow-up. Furthermore, at the 6th, 

143 12th and 18th months, we recorded the number of exacerbations, hospitalizations and 

144 deaths among these patients. According to the GOLD 2017 guidelines, the COPD 

145 patients were assigned to the more and less symptomatic groups. Briefly, the more 

146 symptomatic group was defined by mMRC scores ≥ 2 and/or CAT scores ≥ 10, with or 

147 without a history of exacerbations and hospitalizations. The less symptomatic group was 

148 defined by mMRC scores < 2 and CAT scores < 10, with or without a history of 

149 exacerbations and hospitalizations.10 

150 Data collection and definition

151 The baseline clinical characteristics included demographics, smoke history, biofuel and 

152 occupational exposure history, pulmonary function results, symptoms scores (including 

153 CAT and mMRC), Clinical COPD Questionnaire (CCQ), treatment regimens and number 

154 of exacerbations and hospitalizations in the past year. Furthermore, we recorded mortality, 

155 and the number of exacerbations and hospitalizations during follow-up. 
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156 A current-smoker was defined as having smoking exposure of more than 10 pack-years, 

157 while a former-smoker was defined as having smoking exposure of at least 10 pack-years, 

158 but smoking cessation of more than half a year.17 An exacerbation was defined as disease 

159 progression that requires antibiotics, oral corticosteroids or hospitalization for treatment, 

160 or was determined by a sputum color change (to green or yellow).18 Biofuel exposure was 

161 defined as continuous exposure to biofuels for at least two hours a day, for at least one 

162 year. Occupational exposure was defined as exposure to dust, metals, chemical 

163 substances or other environmental agents for at least eight hours a day for at least one 

164 year.19 According to the GOLD 2017 guidelines, GOLD grade 1 (FEV1 ≥ 80 %pred), 

165 GOLD grade 2 (FEV1 50-79 %pred), GOLD grade 3 (FEV1 30-49 %pred) and GOLD 

166 grade 4 (FEV1 < 30 %pred).10

167 Statistical analysis

168 The continuous variables were tested for normality and presented as mean ± standard 

169 deviation (SD), or median and interquartile range (IQR). The Chi-squared and Fisher’s 

170 tests were used to analyze categorical variables. An independent-samples Student’s t-test 

171 was used to analyze continuous variables. For variables with non-normal distribution or 

172 uneven variance, we used non-parametric tests. The variously adjusted odds ratio was 

173 calculated using multivariate logistic regression. Two-sided and P values < 0.05 were 

174 considered to be statistically significant. SPSS version 26.0 (IBM, Armonk, NY, USA) 

175 was used to perform all statistical analyses.

176 Results

177 Baseline characteristics 
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178 A total of 1729 patients with COPD were included (Figure 1). The mean age was 65.1 ± 

179 8.2 years, and 89.1% of them were male. More than half of the patients were current-

180 smokers, with no biofuel or occupational exposure. Most of the patients were in GOLD 

181 grades 2-3 and treatment with long-acting muscarinic antagonist (LAMA), LAMA + 

182 long-acting β2-agonist (LABA) + inhaled corticosteroid (ICS). The mean CAT and CCQ 

183 were 15.4 ± 6.6 and 21.9 ± 7.2, respectively. Most patients suffered from exacerbation 

184 and hospitalization less than once per year (Table 1).

185 Table 1. The baseline characteristics of the COPD patients.
Variables Total (n = 1729)

Age (years) 65.1 ± 8.2
Sex, n (%)

Male 1541 (89.1)
Female 188 (10.9)

Education level, n (%)
Primary school 713 (41.2)
Junior high school 618 (35.8)
High school 289 (16.7)
University 108 (6.3)

BMI (kg/m2) 22.5 ± 3.6
Smoke history, n (%)

Never-smoker 288 (16.7)
Former-smoker 576 (33.3)
Current-smoker 865 (50.0)

Smoking, (pack/year) (Median, IQR) 35 (30)
Biofuel exposure, n (%)

Yes 659 (38.1)
No 1070 (61.9)

Occupational exposure, n (%)
Yes 660 (38.2)
No 1069 (61.8)

Pulmonary function, (Mean ± SD)
FEV1 1.3 ± 0.6
FEV1 %pred 52.1 ± 20
FVC 2.7 ± 0.7
FEV1/FVC 46.5 ± 16.1

Page 10 of 39

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 8, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2022-065625 on 21 M

arch 2023. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review only

10

PEF 3.5 ± 1.6
GOLD grade, n (%)

1 171 (9.9)
2 709 (41.0)
3 596 (34.5)
4 253 (14.6)

CAT, (Mean ± SD) 15.4 ± 6.6
mMRC, (Median, IQR) 2 (2)
CCQ, (Mean ± SD) 21.9 ± 7.2
Treatments, n (%)

LAMA 622 (36.0)
LABA + ICS 136 (7.9)
LAMA + LABA 33 (1.9)
LAMA + LABA + ICS 797 (46.1)

Exacerbations in the past year, (Median, IQR) 1 (2)
Exacerbations in the past year, n (%)

0 753 (43.6)
1 412 (23.8)
≥2 564 (32.6)

Hospitalizations in the past year, (Median, IQR) 0 (1)
Hospitalizations in the past year, n (%)

0 1132 (65.5)
≥1 597 (34.5)

186 Abbreviations: BMI, Body Mass Index; COPD, Chronic Obstructive Pulmonary Disease; CAT, 
187 COPD Assessment Test; CCQ, Clinical COPD Questionnaire; FEV1, Forced Expiratory Volume in 
188 one second; FVC, Forced Vital Capacity; GOLD, Global Initiative for Chronic Obstructive Lung 
189 Disease; ICS, Inhaled Corticosteroid; LAMA, Long-Acting Muscarinic Antagonist; LABA, Long-
190 Acting β2-Agonist; mMRC, modified Medical Research Council; PEF, Peak Expiratory Flow.

191

192 According to the GOLD 2017 guidelines, 1388 (80.3%) were more symptomatic patients. 

193 more symptomatic patients were older (65.5 ± 8.0 vs 63.4 ± 8.8 years, P < 0.001), and 

194 had a lower education level, BMI, FEV1, FEV1 %pred, FVC, FEV1/FVC and peak 

195 expiratory flow (PEF) (P < 0.001). However, there was a higher proportion of biofuel 

196 exposure history and GOLD grades 3-4 patients (P < 0.001). In addition, there were a 

197 higher proportion of biofuel exposure history, GOLD grade 3-4 patients, treatment with 

198 LAMA+LABA+ICS (P < 0.001). more symptomatic COPD patients had a higher CCQ 
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199 scores, and a higher number of exacerbations and hospitalizations in the past year (P < 

200 0.001) (Table 2).

201 Table 2. The clinical characteristics of more symptomatic COPD patients. 
Variables More symptoms

(n = 1388)
Less symptoms

(n = 341)
P - 

value
Age (years) 65.5 ± 8.0 63.4 ± 8.8 <0.001
Sex, n (%) 0.858

Male 1238 (89.2) 303 (88.9)
Female 150 (10.8) 38 (11.1)

Education level, n (%) <0.001
Primary school 585 (42.1) 128 (37.5)
Junior high school 516 (37.2) 102 (29.9)
High school 222 (16.0) 67 (19.6)
University 65 (4.7) 44 (13.0)

BMI (kg/m2) 22.3 ± 3.7 23.2 ± 3.1 <0.001
Smoke history, n (%) 0.142

Never-smoker 240 (17.3) 48 (14.1)
Former-smoker 469 (33.8) 107 (31.4)
Current-smoker 679 (48.9) 186 (54.5)

Smoking, (pack/year) (Median, IQR) 35 (30) 38 (30) 0.629
Biofuel exposure, n (%) <0.001

Yes 558 (40.2) 102 (29.9)
No 830 (59.8) 239 (70.1)

Occupational exposure, n (%) 0.706
Yes 526 (37.9) 133 (39)
No 862 (62.1) 208 (61)

Pulmonary function, (Mean ± SD)
FEV1 1.2 ± 0.5 1.7 ± 0.6 <0.001
FEV1 %pred 48.7 ± 19.0 65.7 ± 19.4 <0.001
FVC 2.6 ± 0.7 3.1 ± 0.8 <0.001
FEV1/FVC 44.4 ± 12.2 54.9 ± 12.9 <0.001
PEF 3.2 ± 1.4 4.7 ± 1.9  <0.001

GOLD grade, n (%) <0.001
1 90 (6.5) 81 (23.8)
2 518 (37.3) 191 (56.0)
3 536 (38.6) 60 (17.6)
4 244 (17.6) 9 (2.6)

CAT, (Mean ± SD) 17.6 ± 5.3 6.5 ± 2.2 <0.001
mMRC, (Median, IQR) 2 (1) 1 (1) <0.001
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CCQ, (Mean ± SD) 23.6 ± 6.5 15.1 ± 5.8 <0.001
Treatments, n (%)

LAMA 464 (33.4) 158 (46.3) <0.001
LABA + ICS 97 (7.0) 39 (11.4) 0.006
LAMA + LABA 27 (1.9) 6 (1.8) 0.822
LAMA + LABA + ICS 695 (50.1) 102 (29.9) <0.001

Exacerbations in the past year, 
(Median, IQR)

1 (2) c0 (1) <0.001

Exacerbations in the past year, n (%) <0.001
0 555 (40.0) 198 (58.1)
1 325 (23.4) 87 (25.5)
≥2 508 (36.6) 56 (16.4)

Hospitalizations in the past year, 
(Median, IQR)

0 (1) 0 (0) <0.001

Hospitalizations in the past year, n (%) <0.001
0 872 (62.8) 260 (76.2)
≥1 516 (37.2) 81 (23.8)

202 Abbreviations: BMI, Body Mass Index; COPD, Chronic Obstructive Pulmonary Disease; CAT, 
203 COPD Assessment Test; CCQ, Clinical COPD Questionnaire; FEV1, Forced Expiratory Volume in 
204 one second; FVC, Forced Vital Capacity; GOLD, Global Initiative for Chronic Obstructive Lung 
205 Disease; ICS, Inhaled Corticosteroid; LAMA, Long-Acting Muscarinic Antagonist; LABA, Long-
206 Acting β2-Agonist; mMRC, modified Medical Research Council; PEF, Peak Expiratory Flow.

207

208 Multivariate analysis of risk factors associated with more symptomatic COPD 

209 patients

210 Results were adjusted for age, education level, biofuel exposure, FEV1, FEV1 %pred, 

211 FVC, GOLD grade and BMI. A logistic regression analysis showed that FEV1/FVC and 

212 PEF were negatively correlated with more symptomatic, with an OR of 0.980 (95% CI = 

213 0.964 - 0.995) and 0.774 (95% CI = 0.688 - 0.872) (P < 0.05), respectively. However, 

214 CCQ and exacerbations in the past year were positively correlated with more 

215 symptomatic, with an OR of 1.200 (95% CI = 1.169 - 1.232) and 1.114 (95% CI = 1.025 

216 - 1.211) (P < 0.05), respectively (Table 3).

217 Table 3. Multivariate analysis of risk factors associated with more symptomatic COPD patients.
Variables OR 95% CI P - value
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FEV1/FVC 0.980 0.964 – 0.995 0.010
PEF 0.774 0.688 – 0.872 <0.001
CCQ 1.200 1.169 – 1.232 <0.001
Exacerbations in the past year 1.114 1.025 - 1.211 0.011

218 Notes: After adjusted for age, education level, biofuel exposure, FEV1, FEV1 %pred, FVC, GOLD 
219 grade, BMI and hospitalizations in the past year. P < 0.05 are statistically significant in accordance 
220 with Logistic regression analysis.
221 Abbreviations: BMI, Body Mass Index; CI, Confidence interval; COPD, Chronic Obstructive 
222 Pulmonary Disease; CCQ, Clinical COPD Questionnaire; FEV1, Forced Expiratory Volume in one 
223 second; FVC, Forced Vital Capacity; GOLD, Global Initiative for Chronic Obstructive Lung Disease; 
224 PEF, Peak Expiratory Flow; OR, Odds Ratio.

225

226 Exacerbation and mortality after 18 months of follow-up

227 As shown in Table 4, after 18 months of follow-up, a total of 1407 patients were included. 

228 The median (IQR) of exacerbations and hospitalizations were 0 (1) and 0 (1) respectively. 

229 Most of patients suffered from exacerbation and hospitalization less than once per year 

230 and the mortality rate was 4.6%.

231 Table 4. Exacerbation and mortality after 18 months of follow-up in more symptomatic COPD 
232 patients.

Variables Total 
(n = 1407)

More symptomatic
 (n = 1107)

Less symptomatic
(n = 300)

P - 
value

Exacerbations
(Median, IQR)

0 (1) 0 (1) 0 (1) <0.001

Exacerbations,
n (%)

<0.001

0 836 (62.2) 621 (59.2) 215 (73.4)
1 259 (19.4) 217 (20.7) 42 (14.3)
≥2 247 (18.4) 211 (20.1) 36 (12.3)

Hospitalizations 
(Median, IQR)

0 (1) 0 (1) 0 (0) <0.001

Hospitalizations, 
n (%)

0.001

0 1004 (77.7) 762 (72.6) 242 (82.6)
≥1 338 (22.3) 287 (27.4) 51 (17.4)

Mortality, n (%) 65 (4.6) 58 (5.2) 7 (2.3) 0.033
233 Note: COPD, Chronic Obstructive Pulmonary Disease.

234

235 After 18 months of follow-up, 1107 more symptomatic COPD patients were analyzed for 

236 future exacerbation and mortality. The results show that more symptomatic COPD 
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237 patients suffered from higher exacerbations and hospitalizations (P < 0.001). The 

238 proportion of more symptomatic patients who suffered from exacerbations and 

239 hospitalizations at least once per year was higher (P < 0.001), with rates of 40.8% and 

240 27.4%, respectively. A comparison of the exacerbation free proportion using a Kaplan–

241 Meier curve revealed that there was a significant difference between the more and less 

242 symptomatic groups (P < 0.001) (Figure 2). In addition, 58 (5.2%) more symptomatic 

243 COPD patients died during the 18 months of follow-up, higher than in the less 

244 symptomatic group (P < 0.001). A comparison of the overall survival using the Kaplan–

245 Meier curve revealed that survival was significantly different between the more and less 

246 symptomatic groups (P = 0.013) (Figure 3).

247 Univariate and stepwise multivariate analysis of risk factors for mortality in more 

248 symptomatic COPD patients

249 Fifty-eight of the 1107 more symptomatic COPD patients died during follow-up. 

250 Univariate analysis showed that there were several factors were risk factors for mortality, 

251 including age (OR = 1.057, 95% CI = 1.021-1.095, P = 0.002), smoking (pack/year) (OR 

252 = 1.012, 95% CI = 1.003-1.020, P = 0.005), CAT (OR = 1.102, 95% CI = 1.054-1.151, P 

253 < 0.001), mMRC (OR = 1.490, 95% CI = 1.107-2.006, P = 0.009), CCQ (OR = 1.091, 

254 95% CI = 1.048-1.137, P < 0.001), exacerbations in the past year (OR = 1.057, 95% CI = 

255 1.001-1.117, P = 0.049) and hospitalizations in the past year (OR = 1.143, 95% CI = 

256 1.014-1.289, P = 0.029). The multivariate model showed that age (OR = 1.050, 95% CI = 

257 1.012-1.090, P = 0.010) smoking (pack/year) (OR = 1.012, 95% CI = 1.003-1.020, P = 

258 0.006), and CAT (OR = 1.101, 95% CI = 1.049-1.155, P < 0.001) were independently 

259 associated with mortality in more symptomatic COPD patients (Table 5).
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260 Table 5. Univariate and stepwise multivariate analysis of risk factors for mortality in more 
261 symptomatic COPD patients.

Univariate MultivariateVariables
OR 95% CI P OR 95% CI P

Age 1.057 1.021-1.095 0.002 1.050 1.012-1.090 0.010
Sex

Male Reference
Female 0.439 0.135-1.425 0.170

Education level
Primary school Reference Reference
Junior high 

school
0.372 0.194-0.714 0.003 0.446 0.227-1.352 0.328

High school 0.655 0.308-1.394 0.272 0.710 0.323-1.561 0.394
University 0.239 0.032-1.781 0.162 0.331 0.043-2.543 0.288

BMI 0.950 0.881-1.023 0.173
Smoke history

Former-smoker Reference
Never-smoker 0.517 0.196-1.362 0.182
Current-smoker 1.363 0.782-2.374 0.275

Smoking 
(pack/year) 

1.012 1.003-1.020 0.005 1.012 1.003-1.020 0.006

Biofuel exposure
Yes Reference
No 0.736 0.416-1.302 0.292

Occupational 
exposure

Yes Reference
No 0.642 0.378-1.089 0.100

Pulmonary 
function

FEV1 0.713 0.407-1.246 0.235
FEV1 %pred 1.000 0.986-1.014 0.993
FVC 0.573 0.387-0.848 0.005 0.738 0.431-1.263 0.267
FEV1/FVC 1.013 0.991-1.034 0.246
PEF 0.898 0.731-1.102 0.303

GOLD grade
1 0.314 0.071-1.394 0.128 0.489 0.106-2.241 0.357
2 0.676 0.355-1.290 0.304 0.930 0.462-1.873 0.838
3 0.394 0.193-0.806 0.011 0.398 0.191-0.830 0.014
4 Reference Reference

CAT 1.102 1.054-1.151 <0.001 1.101 1.049-1.155 <0.001
mMRC 1.490 1.107-2.006 0.009 0.945 0.647-1.382 0.772
CCQ 1.091 1.048-1.137 <0.001 1.034 0.982-1.088 0.202
Treatments

LAMA 0.918 0.519-1.625 0.770
LABA + ICS 0.670 0.205-2.189 0.507
LAMA + LABA 2.670 0.773-9.225 0.121
LAMA + LABA 

+ ICS
1.057 0.623-1.794 0.837

Exacerbations in 
the past year

1..057 1.001-1.117 0.049 1.016 0.931-1.108 0.721

Hospitalizations in 
the past year

1.143 1.014-1.289 0.029 1.084 0.925-1.270 0.317
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262 Abbreviations: BMI, Body Mass Index; COPD, Chronic Obstructive Pulmonary Disease; CAT, 
263 COPD Assessment Test; CCQ, Clinical COPD Questionnaire; FEV1, Forced Expiratory Volume in 
264 one second; FVC, Forced Vital Capacity; GOLD, Global Initiative for Chronic Obstructive Lung 
265 Disease; ICS, Inhaled Corticosteroid; LAMA, Long-Acting Muscarinic Antagonist; LABA, Long-
266 Acting β2-Agonist; mMRC, modified Medical Research Council; PEF, Peak Expiratory Flow, OR = 
267 Odds Ratio, CI = Confidence Interval.

268

269 Univariate and stepwise multivariate analysis of risk factors for future exacerbation 

270 in more symptomatic COPD patients

271 In total, 428 of 1107 more symptomatic COPD patients suffered from exacerbation 

272 during follow-up. Univariate analysis showed that several factors were risk factors for 

273 future exacerbation, including age (OR = 1.019, 95% CI = 1.003-1.035, P = 0.017), 

274 current-smoker (OR = 1.480, 95% CI = 1.125-1.948, P = 0.005), CAT (OR = 1.043, 95% 

275 CI = 1.019-1.067, P < 0.001), mMRC (OR = 1.375, 95% CI = 1.199-1.576, P < 0.001), 

276 CCQ (OR = 1.025, 95% CI = 1.006-1.045, P = 0.012), exacerbations in the past year (OR 

277 = 1.098, 95% CI = 1.049-1.149, P < 0.001) and hospitalizations in the past year (OR = 

278 1.208, 95% CI = 1.094-1.335, P < 0.001). The multivariate model showed that current-

279 smoker (OR = 1.411, 95% CI = 1.066-1.869, P = 0.016), mMRC (OR = 1.301, 95% CI = 

280 1.131-1.497, P < 0.001) and exacerbations in the past year (OR = 1.081, 95% CI = 1.035-

281 1.130, P = 0.001) were independently associated with future exacerbation in more 

282 symptomatic COPD patients (Table 6).

283 Table 6. Univariate and stepwise multivariate analysis of risk factors for future 
284 exacerbation in more symptomatic COPD patients.

Univariate MultivariateVariables
OR 95% CI P OR 95% CI P

Age 1.019 1.003-1.035 0.017 1.002 0.985-1.020 0.810
Sex

Male Reference
Female 0.749 0.500-1.123 0.162

Education level
Primary school Reference Reference
Junior high 0.701 0.531-0.925 0.012 0.733 0.548-0.981 0.056
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school
High school 0.884 0.613-1.274 0.507 0.983 0.670-1.442 0.931
University 0.903 0.427-1.424 0.737 1.163 0..627-2.157 0.631

BMI 0.956 0.924-0.989 0.010 0.963 0.930-0.997 0.034
Smoke history

Former-smoker Reference Reference
Never-smoker 1.064 0.751-1.508 0.728 1.032 0.723-1.474 0.861
Current-smoker 1.480 1.125-1.948 0.005 1.411 1.066-1.869 0.016

Smoking 
(pack/year) 

1.002 0.997-1.006 0.469

Biofuel exposure
No Reference
Yes 1.159 0.901-1.491 0.252

Occupational 
exposure

No Reference
Yes 1.065 0.826-1.373 0.627

Pulmonary function
FEV1 0.768 0.600-0.983 0.036 1.754 0.988-3.113 0.055
FEV1 %pred 0.994 0.988-1.001 0.093
FVC 0.779 0.653-0.931 0.006 0.764 0.562-1.039 0.087
FEV1/FVC 0.994 0.984-1.004 0.224
PEF 0.891 0.813-0.977 0.015 0.917 0.767-1.097 0.345

GOLD grade
1 0.557 0.313-0.994 0.068
2 0.699 0.490-0.997 0.100
3 0.760 0.536-1.078 0.124
4 Reference

CAT 1.043 1.019-1.067 <0.001 1.009 0.978-1.040 0.590
mMRC 1.375 1.199-1.576 <0.001 1.301 1.131-1.497 <0.001
CCQ 1.025 1.006-1.045 0.012 0.993 0.970-1.017 0.585
Treatments

LAMA 0.918 0.705-1.194 0.523
LABA + ICS 0.660 0.404-1.078 0.097
LAMA + LABA 0.902 0.370-2.195 0.820
LAMA + LABA 

+ ICS
0.813 0.635-1.041 0.100

Exacerbations in 
the past year

1.098 1.049-1.149 <0.001 1.081 1.035-1.130 0.001

Hospitalizations in 
the past year

1.208 1.094-1.335 <0.001 1.080 0.967-1.206 0.170

285 Abbreviations: BMI, Body Mass Index; COPD, Chronic Obstructive Pulmonary Disease; CAT, 
286 COPD Assessment Test; CCQ, Clinical COPD Questionnaire; FEV1, Forced Expiratory Volume in 
287 one second; FVC, Forced Vital Capacity; GOLD, Global Initiative for Chronic Obstructive Lung 
288 Disease; ICS, Inhaled Corticosteroid; LAMA, Long-Acting Muscarinic Antagonist; LABA, Long-
289 Acting β2-Agonist; mMRC, modified Medical Research Council; PEF, Peak Expiratory Flow, OR = 
290 Odds Ratio, CI = Confidence Interval.
291

292 Discussion
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293 In this study, we found that more symptomatic patients accounted for the majority and 

294 several studies have yielded the same results.12-15 In addition, patients with COPD 

295 typically do not go to the hospital until they have severe respiratory symptoms in China. 

296 We also found that more symptomatic patients were older, and a similar result was 

297 observed by Han et al.20 Biofuel exposure also is one of main risk factors of COPD.21-22 

298 A study showed that, compared with smoking, COPD patients with biofuel exposure 

299 experienced more dyspnea.23 In addition, Dutt et al.24 found that people exposed to 

300 biofuel may suffer from more respiratory symptoms. The results of our research also 

301 confirmed that more symptomatic COPD patients had a higher biofuel exposure rate. 

302 Maintenance of inhalation bronchodilators and ICS could reduce respiratory symptoms 

303 and exacerbations, improve pulmonary function in patients with COPD. Our research 

304 results showed that more symptomatic patients were more likely to use triple inhalers, 

305 whereas less likely to use monotherapy with LAMA. This was consistent with Kobayashi 

306 et al.11

307 Pulmonary function is used to evaluate airflow limitation and severity of in COPD 

308 patients. Our research also found that more symptomatic COPD patients had worse 

309 pulmonary function, and that deterioration in pulmonary function was significantly 

310 associated with respiratory symptoms. This was consistent with a study by Boezen et al.25 

311 that showed that both FEV1 and PEF decreased as symptom number increased, and the 

312 risk of having a FEV1 or PEF value of < 70% was increased with increasing symptom 

313 number. Brodkin et al.26 also found that cough, phlegm, wheeze, and dyspnea were 

314 inversely related to pulmonary function. Another study found that initial FEV1 level was 

315 lower in patients with dyspnea appearing during follow-up than in the never-symptom 
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316 group.27 The GOLD 2013 guidelines also recommend CCQ as a symptom measure,28 and 

317 state that it is predictive of mortality in COPD patients.29 Our study showed that more 

318 symptomatic patients had higher CCQ scores, which were positively correlated with more 

319 symptomatic.

320 Exacerbation is an important risk factor for stable COPD, leading to pulmonary function 

321 decline, and poor prognosis.30 Our study found that more symptomatic patients suffered 

322 from higher number of exacerbations in the past year. Moreover, the more exacerbations, 

323 the more symptomatic patients experienced. Miravitlles et al.31 also found that more 

324 exacerbations in the past year was associated with variability in symptom number. In 

325 addition, Kobayashi et al.11 found that more symptomatic patients suffered higher number 

326 of exacerbations in the past year, which is consistent with our research. However, it is 

327 unclear whether more symptomatic patients have worse outcomes. Therefore, we 

328 performed 18 months of follow-up to observe the patients’ future exacerbation and 

329 mortality. The results showed that there were higher exacerbation and hospitalization 

330 rates in more symptomatic patients, along with higher mortality rates. In addition, Kim et 

331 al.32 found that the more symptomatic patients had significantly higher future 

332 exacerbation risk among patients with FEV1 ≥ 50%. A study by Cabrera López et al.33 

333 also found a similar result, with more symptomatic patients showing a higher mortality 

334 rate at five years of follow-up. In addition, our research results show that more 

335 symptomatic patients had lower BMI, but a higher risk of future exacerbation and 

336 mortality. This was consistent with a study by Putcha et al.34 study that showed that 

337 underweight participants had a significantly higher risk of death and severe exacerbations
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338 Death is the most serious malignant event associated with COPD35 and it is vital to 

339 analyze the risk factors for death in COPD patients. Our results showed that age, smoking 

340 (pack/year) and CAT were positively correlated with mortality. Age and smoking are 

341 important risk factors associated with COPD development,36-37 and our study also found 

342 the same result. At the same time, it implied that improved pulmonary function, reduced 

343 respiratory symptoms and quitting smoking are important interventions to reduce the 

344 occurrence of malignant events in COPD.

345 Acute exacerbations are important deterioration events in patients with COPD during 

346 follow-up. Therefore, it is necessary to analyze the independent risk factors of the more 

347 symptomatic patients who suffered from exacerbation during the 18 months of follow-up 

348 in order to better guide the prevention and treatment. In this study, we found that mMRC 

349 scores, current-smoker and exacerbations in the past year were positively correlated with 

350 future exacerbation. It is implied that the higher the mMRC scores and number of 

351 exacerbations in the past year, the higher the future exacerbation risk. 

352 Smoking is an important risk factor of COPD development,37 and it is important to 

353 demonstrate the effects of smoking on COPD exacerbation. Therefore, we further 

354 analyzed the exacerbations and mortality after 18 months of follow-up in COPD patients 

355 with different smoke history. We found that current-smokers had a higher exacerbation 

356 and hospitalization rates than former-smokers and never-smokers (Supplementary Table 

357 1). Furthermore, COPD patients who smoked more than 10 packs/years had higher 

358 mortality (Supplementary Table 2). This implies that smoking cessation may decrease the 

359 risk of exacerbation and mortality in COPD patients. A study by Pezzuto e al.38 had a 
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360 similar result, showing that smoking cessation notably improved pulmonary functional 

361 parameters, oxygen desaturation and walking test, as well as decreasing CAT scores.

362 This study has some limitations. First, there were 281 more symptomatic COPD patients 

363 lost to contact during follow-up. However, we found that the characteristics of the 

364 patients lost to follow-up patients and those that remained in the study were not 

365 significantly different (Supplementary Table 3). Then, the number of female patients in 

366 this study was small. In fact, The prevalence of COPD differed significantly between 

367 male and female in China and prevalence was higher in male, mainly because smoking 

368 was the main risk factor for COPD, but there were relatively few female smoking 

369 patients.39-40 Furthermore, several studies showed that the proportion of female patients 

370 was relatively small in China.41-43 In addition, the number of low education level patients 

371 was higher. In fact, China is a developing country, the overall level of education is not 

372 high in early time. Finally, this study lacked data on comorbidities which placed a 

373 symptom burden on patients with COPD and have an impact on future exacerbation and 

374 mortality. 

375 In summary, our study revealed that the majority of COPD patients have more symptoms, 

376 which are associated with worse pulmonary function. more symptomatic patients also 

377 have worse outcomes. Reducing respiratory symptoms might improve patients’ 

378 pulmonary function and outcomes. In addition, several independent risk factors for 

379 exacerbation and mortality in more symptomatic COPD patients were identified, 

380 including age, smoke, mMRC, CAT and exacerbation in the past year. Therefore, 

381 clinicians should be aware of the risk factors and take them into account in interventions 

382 in more symptomatic COPD patients.
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383 Abbreviations

384 BMI, Body Mass Index; COPD, Chronic Obstructive Pulmonary Disease; CAT, COPD 

385 Assessment Test; CCQ, Clinical COPD Questionnaire; CI, Confidence interval; FEV1, 

386 Forced Expiratory Volume in one second; FVC, Forced Vital Capacity; GOLD, Global 

387 Initiative for Chronic Obstructive Lung Disease; IQR, Interquartile Range; ICS, Inhaled 

388 Corticosteroid; LAMA, Long-Acting Muscarinic Antagonist; LABA, Long-Acting β2-

389 Agonist; mMRC, Modified Medical Research Council; OR, Odds Ratio; PEF, Peak 

390 Expiratory Flow.
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30

564 Figure captions

565 Figure 1. Flow chart. COPD, Chronic Obstructive Pulmonary Disease; GOLD, Global 

566 Initiative for Chronic Obstructive Lung Disease.

567 Figure 2. Kaplan-Meier curves of the exacerbation free proportion between more and 

568 less symptomatic COPD patients; P < 0.05 was considered to be statistically significant. 

569 COPD, Chronic Obstructive Pulmonary Disease.

570 Figure 3. Kaplan-Meier curves of the overall survival between more and less 

571 symptomatic COPD patients; P < 0.05 was considered to be statistically significant. 

572 COPD, Chronic Obstructive Pulmonary Disease.
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Supplementary Table 1. Exacerbation and mortality after 18 months of follow-up in COPD
patients with different smoke history.

Variables Never-smoker
(n = 234)

Former-smoker
(n = 478)

Current-smoker
(n = 695)

P -
value

Exacerbations
(Median, IQR)

0 (1) 0 (1) 1 (1) a,b 0.008

Exacerbations, n (%) 0.006
0 178 (73.6) 327 (70.2) 438 (66.1) a,b

1 28 (13.2) 63 (14.4) 108 (16.3)
≥2 22 (13.2) 61 (15.4) 117 (17.6) a,b

Hospitalizations
(Median, IQR)

0 (0) 0 (1) 0 (1) a,b 0.045

Hospitalizations, n (%) 0.035
0 182 (79.8) 361 (78.8) 480 (73.2) a,b

≥1 46 (20.2) 97 (21.2) 176 (26.8) a,b

Mortality, n (%) 6 (2.6) 20 (4.2) 39 (5.6) 0.135
Notes: a Compared with the Never-smoker, P < 0.05; b Compared with the Former-smoker, P <
0.05.
Abbreviations: COPD, Chronic Obstructive Pulmonary Disease.
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Supplementary Table 2. Exacerbation and mortality after 18 months of follow-up in COPD
patients with different amounts of smoking.

Variables < 10 pack/year
(n = 239)

≥ 10 pack/year
(n = 1168)

P -
value

Exacerbations
(Median, IQR)

0 (1) 0 (1) 0.306

Exacerbations, n (%) 0.949
0 147 (62.8) 692 (62.5)
1 39 (16.7) 194 (17.5)
≥2 48 (20.5) 222 (20.0)

Hospitalizations
(Median, IQR)

0 (0) 0 (0) 0.753

Hospitalizations, n
(%)

0.298

0 180 (76.9) 816 (73.6)
≥1 54 (23.1) 292 (26.4)

Mortality, n (%) 5 (2.5) 60 (5.1) 0.045
Note: COPD, Chronic Obstructive Pulmonary Disease.
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Supplementary Table 3. The baseline characteristics of more symptomatic COPD patients
who remained in the study and lost to follow-up.

Variables More symptomatic patients (n=1388) P -
valueA1 (n=1107) A2 (n=281)

Age (years) 65.5 ± 8.0 65.6 ± 8.0 0.813
Sex, n (%) 0.892
Male 988 (89.3) 250 (89.0)
Female 119 (10.7) 31 (11.0)

Education level, n (%) 0.158
Primary school 455 (41.1) 130 (46.3)
Junior high school 428 (38.7) 88 (31.3)
High school 173 (15.7) 49 (17.4)
University 51 (4.6) 14 (5.0)

BMI (kg/m2) 22.3 ± 3.7 22.5 ± 3.7
Smoke history, n (%) 0.290
Never-smoker 187 (16.9) 53 (18.9)
Former-smoker 385 (34.8) 84 (29.9)
Current-smoker 535 (48.3) 144 (51.2)

Smoking, (pack/year) (Median, IQR) 35 (30) 40 (30) 0.433
Biofuel exposure, n (%) 0.493
Yes 440 (39.8) 118 (42.0)
No 667 (60.2) 163 (58.0)

Occupational exposure, n (%) 0.629
Yes 416 (37.6) 110 (39.1)
No 691 (62.4) 171 (60.9)

Pulmonary function, (Mean ± SD)
FEV1 1.8 ± 0.5 1.2 ± 0.5 0.908
FEV1 %pred 48.6 ± 19.0 49.5 ± 19.1 0.480
FVC 2.6 ± 0.7 2.6 ± 0.7 0.439
FEV1/FVC 44.4 ± 12.2 44.7 ± 12.1 0.664
PEF 3.2 ± 1.4 3.1 ± 1.4 0.498

GOLD grade, n (%) 0.706
1 71 (6.4) 19 (6.8)
2 408 (36.9) 110 (39.1)
3 427 (38.6) 109 (38.8)
4 201 (18.1) 43 (15.3)

CAT, (Mean ± SD) 17.6 ± 5.4 17.3 ± 5.2 0.400
mMRC, (Median, IQR) 2 (1) 2 (1) 0.885
CCQ, (Mean ± SD) 23.7 ± 6.5 23.2 ± 6.4 0.206
Treatments, n (%)
LAMA 363 (32.8) 101 (35.9) 0.317
LABA + ICS 82 (7.4) 15 (5.3) 0.224
LAMA + LABA 24 (2.2) 3 (1.1) 0.233
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LAMA + LABA + ICS 558 (50.4) 137 48.8) 0.621
Exacerbations in the past year,
(Median, IQR)

1 (2) 1 (2) 0.603

Hospitalizations in the past year,
(Median, IQR)

0 (1) 0 (1) 0.467

Notes: A1: The COPD patients who remained in the study after 18 months of follow-up; A2: The
COPD patients who lost to follow-up.
Abbreviations: BMI, Body Mass Index; COPD, Chronic Obstructive Pulmonary Disease; CAT,
COPD Assessment Test; CCQ, Clinical COPD Questionnaire; FEV1, Forced Expiratory Volume
in one second; FVC, Forced Vital Capacity; GOLD, Global Initiative for Chronic Obstructive
Lung Disease; ICS, Inhaled Corticosteroid; LAMA, Long-Acting Muscarinic Antagonist; LABA,
Long-Acting β2-Agonist; mMRC, modified Medical Research Council; PEF, Peak Expiratory
Flow.
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47 Abstract

48 Objectives: The Global Initiative for Chronic Obstructive Lung Disease (GOLD) 2017 

49 classified chronic obstructive pulmonary disease (COPD) patients into a more 

50 symptomatic group. Our purpose was to analyze the clinical characteristics and risk of 

51 exacerbation and mortality in more symptomatic patients. 

52 Methods: This prospective study enrolled 1729 stable COPD patients from a database 

53 setup by the Second Xiangya Hospital of Central South University. Then, the patients 

54 were classified into a more symptomatic group based on GOLD 2017 report. All patients 

55 were followed up for 18 months. We collected baseline data and recorded the number of 

56 exacerbations, hospitalizations and mortality during follow-up.

57 Results: The more symptomatic patients were older, had higher Clinical COPD 

58 Questionnaire (CCQ) score, more severe airflow limitation and a higher number of 

59 exacerbations and hospitalizations in the past year (P < 0.05). Logistic regression showed 

60 that having more symptoms correlated with the CCQ score and exacerbations in the past 

61 year (P < 0.05). After patients were followed up, there were higher numbers of 

62 exacerbations, hospitalizations and mortality rates in more symptomatic patients (P < 

63 0.05). The multivariate model showed that age (OR = 1.050, 95% CI = 1.012-1.090), 

64 smoking (OR = 1.012, 95% CI = 1.003-1.020), and COPD assessment test score (OR = 

65 1.101, 95% CI = 1.049-1.155) were independently risk factors for mortality, whereas 

66 current-smoker (OR = 1.411, 95% CI = 1.066-1.869), modified Medical Research 

67 Council score (OR = 1.301, 95% CI = 1.131-1.497) and exacerbations in the past year 

68 (OR = 1.081, 95% CI = 1.035-1.130) were independently risk factors for exacerbation in 

69 more symptomatic patients (P < 0.05).
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70 Conclusions: More symptomatic COPD patients have worse outcomes. In addition, 

71 several independent risk factors for exacerbation and mortality were identified. Therefore, 

72 clinicians should be aware of these risk factors and take them into account during 

73 interventions.

74 Keywords: COPD, More symptomatic, Mortality, Exacerbation, GOLD

75 Strengths and limitations of this study

76  This study used the realistic data to reveal that the symptomatic COPD patients have 

77 worse pulmonary function and outcomes.

78  Also, we explore several independent risk factors for future exacerbation and 

79 mortality in more symptomatic COPD patients.

80  The main limitation is that there are 281 more symptomatic COPD patients lost to 

81 contact during follow-up and data on comorbidities were lacking.

82

83
84

85

86

87

88

89

90
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91 Introduction

92 Chronic obstructive pulmonary disease (COPD) is a serious chronic respiratory disease 

93 that typically features persistent respiratory symptoms, such as cough, expectoration and 

94 dyspnea. This disease has brought a huge burden of mortality to humanity [1-2] and 

95 therefore prevention and treatment are urgent.

96 Breathlessness, cough and sputum production are common symptoms of COPD, bringing 

97 a huge burden to patients. Some may experience deterioration of their symptoms and 

98 need additional treatment [3]. The COPD assessment test (CAT) and modified Medical 

99 Research Council (mMRC) scale cover several dimensions, such as dyspnea, cough, 

100 expectoration, confidence, limitation of daily activities and chest tightness, and are used 

101 as indicators to measure the effect of symptoms on the health of COPD patients [4-5]. 

102 The higher the CAT and mMRC scores, the more symptoms the patients have and the 

103 greater the impact on patients’ health [6]. Ding et al. [7] found that as the CAT score 

104 increased, the frequency of primary care physician visits also increased. Kim et al. [8] 

105 found that COPD patients with increased mMRC scores had a higher risk of exacerbation, 

106 more severe airflow limitation and respiratory symptoms when compared with patients 

107 with unchanged mMRC scores after 1 year of follow-up. In addition, one study showed 

108 that the BODE (body mass index (BMI), airflow obstruction, dyspnea, exercise capacity) 

109 index includes dyspnea as a meaningful marker of future exacerbation risk [9]. In fact, 

110 some COPD patients only experience cough or breathlessness, whereas others have 

111 multiple respiratory symptoms, including cough, expectoration, chest tightness and 

112 dyspnea. 
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113 The Global Initiative for Chronic Obstructive Lung Disease (GOLD) 2017 evaluated 

114 COPD patients based on the CAT/mMRC and exacerbation risk to better guide the 

115 treatment, dividing patients into more symptomatic and less symptomatic groups [10]. A 

116 Japanese study found that the COPD patients in the more symptomatic group were older 

117 and had more severe airflow limitation and higher exacerbation rates according to the 

118 GOLD 2017 classification; however, the number of more symptomatic patients in this 

119 study was small [11]. Several studies have shown that the more symptomatic COPD 

120 patients account for the majority [12-15]. In addition, Cabrera López et al. [16] found that 

121 the risk of mortality was higher in Groups B and D than in Groups A and C according to 

122 the GOLD 2017 classification. However, the clinical characteristics and outcomes in the 

123 more symptomatic COPD patients remained unclear. Therefore, our purpose was to 

124 analyze the clinical-functional characteristics and related risk factors, as well as the risk 

125 of future exacerbation and mortality in the more symptomatic COPD patients.

126 Methods

127 Study participants 

128 We conducted a prospective study that captured the patients listed from September 2017 

129 to December 2019 in the outpatient COPD database (Register number: ChiCTR-POC-

130 17010431; http://120.77.177.175:9007/a/login), which includes the Second Xiangya 

131 Hospital of Central South University, the Zhuzhou Central Hospital, the Hunan 

132 Prevention and Treatment Institute for Occupational Diseases, the First Attached Hospital 

133 of Shaoyang University, the Eighth Hospital in Changsha and the Longshan Hospital of 

134 Traditional Chinese Medicine (Hunan, China). The inclusion criterion for COPD patients 

135 was a ratio of forced expiratory volume in 1 s to forced vital capacity (FEV1/FVC) of < 
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136 0.70 after bronchodilator administration. Patients with interstitial lung disease, 

137 bronchiectasis, pneumonia, asthma, pleural effusion, lung cancer or active tuberculosis 

138 were excluded from the study.

139 We confirm that this study was conducted in accordance with the Declaration of Helsinki 

140 and approved by the Ethics Committee of the Second Xiangya Hospital of Central South 

141 University. All patients in this study were provided written informed consent.

142 Patient and public involvement

143 Patients and the public were not involved in the conception of this study, development of 

144 the research question, interpretation of the results or manuscript writing.

145 Study procedures

146 All included COPD patients underwent 18 months of follow-up. Furthermore, at the 6, 12 

147 and 18 months, we recorded the number of exacerbations, hospitalizations and deaths 

148 among these patients. According to the GOLD 2017 report, the COPD patients were 

149 assigned to more and less symptomatic groups. Briefly, the more symptomatic group was 

150 defined by mMRC scores ≥ 2 and/or CAT scores ≥ 10, with or without a history of 

151 exacerbations and hospitalizations. The less symptomatic group was defined by mMRC 

152 scores < 2 and CAT scores < 10, with or without a history of exacerbations and 

153 hospitalizations [10].

154 Data collection and definitions

155 The baseline clinical characteristics included demographics, smoke history, biofuel and 

156 occupational exposure history, pulmonary function results, symptoms scores (including 

157 CAT and mMRC), Clinical COPD Questionnaire (CCQ) score, treatment regimens and 
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158 number of exacerbations and hospitalizations in the past year. Furthermore, we recorded 

159 mortality, and the number of exacerbations and hospitalizations during follow-up. 

160 A current-smoker was defined as having a smoking exposure of more than 10 packs/year, 

161 whereas a former-smoker was defined as having a smoking exposure of at least 10 

162 packs/year, but with smoking cessation for more than half a year [17]. An exacerbation 

163 was defined as disease progression that requires antibiotics, oral corticosteroids or 

164 hospitalization for treatment or was determined by a sputum color change (to green or 

165 yellow) [18]. Biofuel exposure was defined as continuous exposure to biofuels for at least 

166 2 hours a day, for at least one year. Occupational exposure was defined as exposure to 

167 dust, metals, chemical substances or other environmental agents for at least eight hours a 

168 day for at least one year [19]. According to the GOLD 2017 report, GOLD stage 1 (FEV1 

169 ≥ 80 %pred), GOLD stage 2 (FEV1 50-79 %pred), GOLD stage 3 (FEV1 30-49 %pred) 

170 and GOLD stage 4 (FEV1 < 30 %pred) [10]. Oxygen therapy included home oxygen 

171 therapy and non-invasive positive pressure ventilation in this study [20].

172 The pulmonary function test was measured by a spirometer (MasterScreen-Body/Diff, 

173 CareFusion, Germany) according to the American Thoracic Society guidelines. FEV1 

174 was defined as the time in seconds, measured from Time 0 to 1, of the expiration after 

175 maximal forced inspiration. FVC was defined as the largest expiration volume 

176 immediately after maximal forced inspiration. Peak expiratory flow (PEF) was defined as 

177 the highest flow achieved from a maximum forced expiratory maneuver started without 

178 hesitation from a position of maximal lung inflation [21].

179 Statistical analysis
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180 Continuous variables were presented as the mean ± standard deviation (SD). The Chi-

181 squared and Fisher’s tests were used to analyze categorical variables. An independent-

182 sample Student’s t-test was used to analyze continuous variables. For variables with non-

183 normal distribution or uneven variance, we used non-parametric tests. The variously 

184 adjusted odds ratio was calculated using multivariate logistic regression. Two-sided P 

185 values of < 0.05 were considered to be statistically significant. SPSS version 26.0 (IBM, 

186 Armonk, NY, USA) was used to perform all statistical analyses.

187 Results

188 Baseline characteristics 

189 A total of 1729 patients with COPD were included (Figure 1). The mean age was 65.1 ± 

190 8.2 years, 89.1% were male and more than half of the patients were current-smokers. 

191 Most of the patients were in GOLD stages 2-3 and treatment with a long-acting 

192 muscarinic antagonist (LAMA), LAMA + long-acting β2-agonist (LABA) + inhaled 

193 corticosteroid (ICS). The mean CAT and CCQ scores were 15.4 ± 6.6 and 21.9 ± 7.2, 

194 respectively. Most patients suffered from an exacerbation and hospitalization less than 

195 once per year (Table 1).

196 Table 1. The baseline characteristics of the COPD patients.
Variables Total (n = 1729)

Age (years) 65.1 ± 8.2
Sex, n (%)

Male 1541 (89.1)
Female 188 (10.9)

Education level, n (%)
Primary school 713 (41.2)
Junior high school 618 (35.8)
High school 289 (16.7)
University 108 (6.3)
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BMI (kg/m2) 22.5 ± 3.6
Smoke history, n (%)

Never-smoker 288 (16.7)
Former-smoker 576 (33.3)
Current-smoker 865 (50.0)

Smoking, (packs/year), (Mean ± SD) 37.4 ± 28.2
Biofuel exposure, n (%)

Yes 660 (38.2)
No 1069 (61.8)

Occupational exposure, n (%)
Yes 659 (38.1)
No 1070 (61.9)

Pulmonary function, (Mean ± SD)
FEV1 1.3 ± 0.6
FEV1 %pred 52.1 ± 20
FVC 2.7 ± 0.7
FEV1/FVC 46.5 ± 16.1
PEF 3.5 ± 1.6

GOLD stages, n (%)
1 171 (9.9)
2 709 (41.0)
3 596 (34.5)
4 253 (14.6)

CAT, (Mean ± SD) 15.4 ± 6.6
mMRC, (Mean ± SD) 2.1 ± 1.0 
CCQ, (Mean ± SD) 21.9 ± 7.2
Treatments, n (%)

LAMA 622 (36.0)
LABA + ICS 136 (7.9)
LAMA + LABA 33 (1.9)
LAMA + LABA + ICS 797 (46.1)

Oxygen therapy, n (%)
Yes 121 (7.0)
No 1608 (93.0)

Exacerbations in the past year, (Mean ± SD) 1.7 ± 3.1
Exacerbations in the past year, n (%)

0 753 (43.6)
1 412 (23.8)
≥2 564 (32.6)

Hospitalizations in the past year, (Mean ± SD) 0.7 ± 1.3
Hospitalizations in the past year, n (%)
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0 1132 (65.5)
≥1 597 (34.5)

197 Abbreviations: BMI, Body Mass Index; COPD, Chronic Obstructive Pulmonary Disease; CAT, 
198 COPD Assessment Test; CCQ, Clinical COPD Questionnaire; FEV1, Forced Expiratory Volume in 
199 one second; FVC, Forced Vital Capacity; GOLD, Global Initiative for Chronic Obstructive Lung 
200 Disease; ICS, Inhaled Corticosteroid; LAMA, Long-Acting Muscarinic Antagonist; LABA, Long-
201 Acting β2-Agonist; mMRC, modified Medical Research Council; PEF, Peak Expiratory Flow; SD, 
202 Standard Deviation.

203

204 According to the GOLD 2017 report, 1388 (80.3%) were more symptomatic patients. 

205 These patients were older (65.5 ± 8.0 vs 63.4 ± 8.8 years, P < 0.001) and had lower 

206 education level, BMI, FEV1, FEV1 %pred, FVC, FEV1/FVC and PEF (P < 0.001). In 

207 addition, a higher proportion of biofuel exposure history, GOLD stages 3-4 patients, 

208 treatment with LAMA+LABA+ICS and oxygen therapy in more symptomatic group (P < 

209 0.001). Furthermore, more symptomatic COPD patients had higher CCQ scores and a 

210 higher number of exacerbations and hospitalizations in the past year (P < 0.001) (Table 

211 2).

212 Table 2. The clinical characteristics of more symptomatic COPD patients. 
Variables More symptoms

(n = 1388)
Less symptoms

(n = 341)
P - 

value
Age (years) 65.5 ± 8.0 63.4 ± 8.8 <0.001
Sex, n (%) 0.858

Male 1238 (89.2) 303 (88.9)
Female 150 (10.8) 38 (11.1)

Education level, n (%) <0.001
Primary school 585 (42.1) 128 (37.5)
Junior high school 516 (37.2) 102 (29.9)
High school 222 (16.0) 67 (19.6)
University 65 (4.7) 44 (13.0)

BMI (kg/m2) 22.3 ± 3.7 23.2 ± 3.1 <0.001
Smoke history, n (%) 0.142

Never-smoker 240 (17.3) 48 (14.1)
Former-smoker 469 (33.8) 107 (31.4)
Current-smoker 679 (48.9) 186 (54.5)
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Smoking, (packs/year) (Mean ± SD) 37.2 ± 28.3 38.0 ± 27.9 0.629
Biofuel exposure, n (%) <0.001

Yes 558 (40.2) 102 (29.9)
No 830 (59.8) 239 (70.1)

Occupational exposure, n (%) 0.706
Yes 526 (37.9) 133 (39)
No 862 (62.1) 208 (61)

Pulmonary function, (Mean ± SD)
FEV1 1.2 ± 0.5 1.7 ± 0.6 <0.001
FEV1 %pred 48.7 ± 19.0 65.7 ± 19.4 <0.001
FVC 2.6 ± 0.7 3.1 ± 0.8 <0.001
FEV1/FVC 44.4 ± 12.2 54.9 ± 12.9 <0.001
PEF 3.2 ± 1.4 4.7 ± 1.9  <0.001

GOLD stages, n (%) <0.001
1 90 (6.5) 81 (23.8)
2 518 (37.3) 191 (56.0)
3 536 (38.6) 60 (17.6)
4 244 (17.6) 9 (2.6)

CAT, (Mean ± SD) 17.6 ± 5.3 6.5 ± 2.2 <0.001
mMRC, (Mean ± SD) 2.3 ± 0.9 1.2 ± 0.8 <0.001
CCQ, (Mean ± SD) 23.6 ± 6.5 15.1 ± 5.8 <0.001
Treatments, n (%)

LAMA 464 (33.4) 158 (46.3) <0.001
LABA + ICS 97 (7.0) 39 (11.4) 0.006
LAMA + LABA 27 (1.9) 6 (1.8) 0.822
LAMA + LABA + ICS 695 (50.1) 102 (29.9) <0.001

Oxygen therapy, n (%) 0.001
Yes 111 (8.0) 10 (2.9)
No 1277 (92.0) 331 (97.1)

Exacerbations in the past year, (Mean ± 
SD)

1.9 ± 3.3 0.8 ± 1.8 <0.001

Exacerbations in the past year, n (%) <0.001
0 555 (40.0) 198 (58.1)
1 325 (23.4) 87 (25.5)
≥2 508 (36.6) 56 (16.4)

Hospitalizations in the past year, (Mean 
± SD)

0.7 ± 1.4 0.3 ± 0.8 <0.001

Hospitalizations in the past year, n (%) <0.001
0 872 (62.8) 260 (76.2)
≥1 516 (37.2) 81 (23.8)

213 Abbreviations: BMI, Body Mass Index; COPD, Chronic Obstructive Pulmonary Disease; CAT, 
214 COPD Assessment Test; CCQ, Clinical COPD Questionnaire; FEV1, Forced Expiratory Volume in 
215 one second; FVC, Forced Vital Capacity; GOLD, Global Initiative for Chronic Obstructive Lung 
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216 Disease; ICS, Inhaled Corticosteroid; LAMA, Long-Acting Muscarinic Antagonist; LABA, Long-
217 Acting β2-Agonist; mMRC, modified Medical Research Council; PEF, Peak Expiratory Flow; SD, 
218 Standard Deviation.

219

220 Multivariate analysis of risk factors associated with more symptomatic COPD 

221 patients

222 Results were adjusted for age, education level, biofuel exposure, FEV1, FEV1 %pred, 

223 FVC, GOLD stages and BMI. Logistic regression analysis showed that FEV1/FVC and 

224 PEF were negatively correlated with the more symptomatic, with an OR of 0.980 (95% 

225 CI = 0.964 - 0.995) and 0.774 (95% CI = 0.688 - 0.872), respectively (P < 0.05). 

226 However, CCQ and exacerbations in the past year were positively correlated with the 

227 more symptomatic, with an OR of 1.200 (95% CI = 1.169 - 1.232) and 1.114 (95% CI = 

228 1.025 - 1.211), respectively (P < 0.05) (Table 3).

229 Table 3. Multivariate analysis of risk factors associated with more symptomatic COPD patients.
Variables OR 95% CI P - value

FEV1/FVC 0.980 0.964 – 0.995 0.010
PEF 0.774 0.688 – 0.872 <0.001
CCQ 1.200 1.169 – 1.232 <0.001
Exacerbations in the past year 1.114 1.025 - 1.211 0.011

230 Notes: After adjusted for age, education level, biofuel exposure, FEV1, FEV1 %pred, FVC, GOLD 
231 stages, BMI and hospitalizations in the past year. P < 0.05 are statistically significant in accordance 
232 with Logistic regression analysis.
233 Abbreviations: BMI, Body Mass Index; CI, Confidence interval; COPD, Chronic Obstructive 
234 Pulmonary Disease; CCQ, Clinical COPD Questionnaire; FEV1, Forced Expiratory Volume in one 
235 second; FVC, Forced Vital Capacity; GOLD, Global Initiative for Chronic Obstructive Lung Disease; 
236 PEF, Peak Expiratory Flow; OR, Odds Ratio.

237

238 Exacerbation and mortality after 18 months of follow-up

239 As shown in Table 4, after 18 months of follow-up, a total of 1407 patients were included. 

240 The mean values for exacerbations and hospitalizations were 0.7 ± 1.3 and 0.4 ± 0.8 
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241 respectively. Most of the patients suffered an exacerbation and hospitalization less than 

242 once per year and the mortality rate was 4.6%.

243 Table 4. Exacerbation and mortality after 18 months of follow-up in more symptomatic COPD 
244 patients.

Variables Total 
(n = 1407)

More symptomatic
 (n = 1107)

Less symptomatic
(n = 300)

P - 
value

Exacerbations,
(Mean ± SD)

0.7 ± 1.3 0.8 ± 1.4 0.5 ± 1.1 <0.001

Exacerbations,
n (%)

<0.001

0 836 (62.2) 621 (59.2) 215 (73.4)
1 259 (19.4) 217 (20.7) 42 (14.3)
≥2 247 (18.4) 211 (20.1) 36 (12.3)

Hospitalizations,
(Mean ± SD)

0.4 ± 0.8 0.4 ± 0.9 0.2 ± 0.6 <0.001

Hospitalizations, 
n (%)

0.001

0 1004 (77.7) 762 (72.6) 242 (82.6)
≥1 338 (22.3) 287 (27.4) 51 (17.4)

Mortality, n (%) 65 (4.6) 58 (5.2) 7 (2.3) 0.033
245 Note: COPD, Chronic Obstructive Pulmonary Disease; SD, Standard Deviation.

246

247 After 18 months of follow-up, 1107 more symptomatic COPD patients were analyzed for 

248 future exacerbation and mortality. The results show that the more symptomatic COPD 

249 patients suffered from a higher number of exacerbations and hospitalizations (P < 0.001). 

250 The proportion of more symptomatic patients who suffered from exacerbations and 

251 hospitalizations at least once per year was higher (P < 0.001), with rates of 40.8% and 

252 27.4%, respectively. Comparison of the exacerbation free proportion using a Kaplan–

253 Meier curve revealed that there was a significant difference between the more and less 

254 symptomatic patients (P < 0.001) (Figure 2). In addition, 58 (5.2%) more symptomatic 

255 COPD patients died during the 18 months of follow-up, which is a higher number than in 

256 the less symptomatic group (P < 0.001). Comparison of overall survival using the 
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257 Kaplan–Meier curve revealed that survival was significantly different between the more 

258 and less symptomatic patients (P = 0.013) (Figure 3).

259 Univariate and stepwise multivariate analysis of risk factors for mortality in more 

260 symptomatic COPD patients

261 Of the 1107 more symptomatic COPD patients, 58 died during follow-up. Univariate 

262 analysis showed that there were several risk factors for mortality, including age (OR = 

263 1.057, 95% CI = 1.021-1.095, P = 0.002), smoking (packs/year) (OR = 1.012, 95% CI = 

264 1.003-1.020, P = 0.005), CAT score (OR = 1.102, 95% CI = 1.054-1.151, P < 0.001), 

265 mMRC score (OR = 1.490, 95% CI = 1.107-2.006, P = 0.009), CCQ score (OR = 1.091, 

266 95% CI = 1.048-1.137, P < 0.001), exacerbations in the past year (OR = 1.057, 95% CI = 

267 1.001-1.117, P = 0.049) and hospitalizations in the past year (OR = 1.143, 95% CI = 

268 1.014-1.289, P = 0.029). The multivariate model showed that age (OR = 1.050, 95% CI = 

269 1.012-1.090, P = 0.010), smoking (packs/year) (OR = 1.012, 95% CI = 1.003-1.020, P = 

270 0.006), and CAT score (OR = 1.101, 95% CI = 1.049-1.155, P < 0.001) were 

271 independently associated with mortality in more symptomatic COPD patients (Table 5).

272 Table 5. Univariate and stepwise multivariate analysis of risk factors for mortality in more 
273 symptomatic COPD patients.

Univariate MultivariateVariables
OR 95% CI P OR 95% CI P

Age 1.057 1.021-1.095 0.002 1.050 1.012-1.090 0.010
Sex

Male Reference
Female 0.439 0.135-1.425 0.170

Education level
Primary school Reference Reference
Junior high 

school
0.372 0.194-0.714 0.003 0.446 0.227-1.352 0.328

High school 0.655 0.308-1.394 0.272 0.710 0.323-1.561 0.394
University 0.239 0.032-1.781 0.162 0.331 0.043-2.543 0.288

BMI 0.950 0.881-1.023 0.173
Smoke history
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Former-smoker Reference
Never-smoker 0.517 0.196-1.362 0.182
Current-smoker 1.363 0.782-2.374 0.275

Smoking 
(packs/year) 

1.012 1.003-1.020 0.005 1.012 1.003-1.020 0.006

Biofuel exposure
Yes Reference
No 0.736 0.416-1.302 0.292

Occupational 
exposure

Yes Reference
No 0.642 0.378-1.089 0.100

Pulmonary 
function

FEV1 0.713 0.407-1.246 0.235
FEV1 %pred 1.000 0.986-1.014 0.993
FVC 0.573 0.387-0.848 0.005 0.738 0.431-1.263 0.267
FEV1/FVC 1.013 0.991-1.034 0.246
PEF 0.898 0.731-1.102 0.303

GOLD stages
1 0.314 0.071-1.394 0.128 0.489 0.106-2.241 0.357
2 0.676 0.355-1.290 0.304 0.930 0.462-1.873 0.838
3 0.394 0.193-0.806 0.011 0.398 0.191-0.830 0.014
4 Reference Reference

CAT 1.102 1.054-1.151 <0.001 1.101 1.049-1.155 <0.001
mMRC 1.490 1.107-2.006 0.009 0.945 0.647-1.382 0.772
CCQ 1.091 1.048-1.137 <0.001 1.034 0.982-1.088 0.202
Treatments

LAMA 0.918 0.519-1.625 0.770
LABA + ICS 0.670 0.205-2.189 0.507
LAMA + LABA 2.670 0.773-9.225 0.121
LAMA + LABA 

+ ICS
1.057 0.623-1.794 0.837

Oxygen therapy
No Reference
Yes 1.526 0.986-2.363 0.058

Exacerbations in 
the past year

1..057 1.001-1.117 0.049 1.016 0.931-1.108 0.721

Hospitalizations in 
the past year

1.143 1.014-1.289 0.029 1.084 0.925-1.270 0.317

274 Abbreviations: BMI, Body Mass Index; COPD, Chronic Obstructive Pulmonary Disease; CAT, 
275 COPD Assessment Test; CCQ, Clinical COPD Questionnaire; FEV1, Forced Expiratory Volume in 
276 one second; FVC, Forced Vital Capacity; GOLD, Global Initiative for Chronic Obstructive Lung 
277 Disease; ICS, Inhaled Corticosteroid; LAMA, Long-Acting Muscarinic Antagonist; LABA, Long-
278 Acting β2-Agonist; mMRC, modified Medical Research Council; PEF, Peak Expiratory Flow, OR = 
279 Odds Ratio, CI = Confidence Interval.

280

281 Univariate and stepwise multivariate analysis of risk factors for future exacerbation 

282 in more symptomatic COPD patients
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283 In total, 428 of 1107 more symptomatic COPD patients suffered from exacerbation 

284 during follow-up. Univariate analysis showed that there were several risk factors for 

285 future exacerbation, including age (OR = 1.019, 95% CI = 1.003-1.035, P = 0.017), being 

286 a current-smoker (OR = 1.480, 95% CI = 1.125-1.948, P = 0.005), CAT score (OR = 

287 1.043, 95% CI = 1.019-1.067, P < 0.001), mMRC score (OR = 1.375, 95% CI = 1.199-

288 1.576, P < 0.001), CCQ score (OR = 1.025, 95% CI = 1.006-1.045, P = 0.012), 

289 exacerbations in the past year (OR = 1.098, 95% CI = 1.049-1.149, P < 0.001) and 

290 hospitalizations in the past year (OR = 1.208, 95% CI = 1.094-1.335, P < 0.001). The 

291 multivariate model showed that being a current-smoker (OR = 1.411, 95% CI = 1.066-

292 1.869, P = 0.016), mMRC score (OR = 1.301, 95% CI = 1.131-1.497, P < 0.001) and 

293 exacerbations in the past year (OR = 1.081, 95% CI = 1.035-1.130, P = 0.001) were 

294 independently associated with future exacerbation in more symptomatic COPD patients 

295 (Table 6).

296 Table 6. Univariate and stepwise multivariate analysis of risk factors for future 
297 exacerbation in more symptomatic COPD patients.

Univariate MultivariateVariables
OR 95% CI P OR 95% CI P

Age 1.019 1.003-1.035 0.017 1.002 0.985-1.020 0.810
Sex

Male Reference
Female 0.749 0.500-1.123 0.162

Education level
Primary school Reference Reference
Junior high 

school
0.701 0.531-0.925 0.012 0.733 0.548-0.981 0.056

High school 0.884 0.613-1.274 0.507 0.983 0.670-1.442 0.931
University 0.903 0.427-1.424 0.737 1.163 0..627-2.157 0.631

BMI 0.956 0.924-0.989 0.010 0.963 0.930-0.997 0.034
Smoke history

Former-smoker Reference Reference
Never-smoker 1.064 0.751-1.508 0.728 1.032 0.723-1.474 0.861
Current-smoker 1.480 1.125-1.948 0.005 1.411 1.066-1.869 0.016

Smoking 
(packs/year) 

1.002 0.997-1.006 0.469

Biofuel exposure
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No Reference
Yes 1.159 0.901-1.491 0.252

Occupational 
exposure

No Reference
Yes 1.065 0.826-1.373 0.627

Pulmonary function
FEV1 0.768 0.600-0.983 0.036 1.754 0.988-3.113 0.055
FEV1 %pred 0.994 0.988-1.001 0.093
FVC 0.779 0.653-0.931 0.006 0.764 0.562-1.039 0.087
FEV1/FVC 0.994 0.984-1.004 0.224
PEF 0.891 0.813-0.977 0.015 0.917 0.767-1.097 0.345

GOLD stages
1 0.557 0.313-0.994 0.068
2 0.699 0.490-0.997 0.100
3 0.760 0.536-1.078 0.124
4 Reference

CAT 1.043 1.019-1.067 <0.001 1.009 0.978-1.040 0.590
mMRC 1.375 1.199-1.576 <0.001 1.301 1.131-1.497 <0.001
CCQ 1.025 1.006-1.045 0.012 0.993 0.970-1.017 0.585
Treatments

LAMA 0.918 0.705-1.194 0.523
LABA + ICS 0.660 0.404-1.078 0.097
LAMA + LABA 0.902 0.370-2.195 0.820
LAMA + LABA 

+ ICS
0.813 0.635-1.041 0.100

Oxygen therapy
No Reference
Yes 1.755 0.806-3.818 0.156

Exacerbations in 
the past year

1.098 1.049-1.149 <0.001 1.081 1.035-1.130 0.001

Hospitalizations in 
the past year

1.208 1.094-1.335 <0.001 1.080 0.967-1.206 0.170

298 Abbreviations: BMI, Body Mass Index; COPD, Chronic Obstructive Pulmonary Disease; CAT, 
299 COPD Assessment Test; CCQ, Clinical COPD Questionnaire; FEV1, Forced Expiratory Volume in 
300 one second; FVC, Forced Vital Capacity; GOLD, Global Initiative for Chronic Obstructive Lung 
301 Disease; ICS, Inhaled Corticosteroid; LAMA, Long-Acting Muscarinic Antagonist; LABA, Long-
302 Acting β2-Agonist; mMRC, modified Medical Research Council; PEF, Peak Expiratory Flow, OR = 
303 Odds Ratio, CI = Confidence Interval.
304

305 Discussion

306 In this study, we found that the more symptomatic patients accounted for the majority, 

307 and several studies have yielded the same results [12-15]. In addition, patients with 

308 COPD in China typically do not go to the hospital until they have severe respiratory 

309 symptoms. We also found that the more symptomatic patients were older, and a similar 
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310 result was observed by Han et al. [22] Biofuel exposure is one of the main risk factors of 

311 COPD [23-24]. A study showed that compared with smoking, COPD patients with 

312 biofuel exposure experienced more dyspnea [25]. In addition, Dutt et al. [26] found that 

313 people exposed to biofuel may suffer from more respiratory symptoms. The results of our 

314 research confirmed that more symptomatic COPD patients had a higher biofuel exposure 

315 rate. Maintenance of inhalation bronchodilators and ICS could reduce respiratory 

316 symptoms and exacerbations, improve pulmonary function in patients with COPD. Our 

317 research results showed that more symptomatic patients were more likely to use triple 

318 inhalers and less likely to use monotherapy with LAMA. This was consistent with the 

319 results of Kobayashi et al. [11].

320 Pulmonary function is used to evaluate airflow limitation and severity of COPD patients. 

321 Our research also found that more symptomatic COPD patients had worse pulmonary 

322 function and that deterioration of pulmonary function was significantly associated with 

323 respiratory symptoms. This was consistent with a study by Boezen et al. [27], which 

324 showed that both FEV1 and PEF decreased as the number of symptoms increased and 

325 that the risk of having a FEV1 or PEF value of < 70% increased with increasing 

326 symptoms. Brodkin et al. [28] also found that cough, phlegm, wheeze and dyspnea were 

327 inversely related to pulmonary function. Another study found that initial FEV1 level was 

328 lower in patients with dyspnea appearing during follow-up than in the group without  

329 symptoms [29]. The GOLD 2013 report also recommends the CCQ as a symptom 

330 measure [30] and states that it is predictive of mortality in COPD patients [31]. Our study 

331 showed that more symptomatic patients had higher CCQ scores, which were positively 

332 correlated with more symptoms.
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333 Exacerbation is an important risk factor for stable COPD, leading to pulmonary function 

334 decline and poor prognosis [32]. Our study found that more symptomatic patients 

335 suffered from a higher number of exacerbations in the past year. Moreover, the higher the 

336 number of exacerbations, the more symptoms the patients experienced. Miravitlles et al. 

337 [33] also found that more exacerbations in the past year was associated with variability in 

338 symptom number. In addition, Kobayashi et al. [11] found that more symptomatic 

339 patients suffered a higher number of exacerbations in the past year, which is consistent 

340 with our research. However, it is unclear whether more symptomatic patients have worse 

341 outcomes. Therefore, we performed 18 months of follow-up to observe the patients’ 

342 future exacerbation and mortality. The results showed that there were higher exacerbation 

343 and hospitalization rates in more symptomatic patients, along with higher mortality rates. 

344 In addition, Kim et al. [34] found that the more symptomatic patients had significantly 

345 higher future exacerbation risk among patients with FEV1 ≥ 50%. A study by Cabrera 

346 López et al. [35] also found a similar result, with more symptomatic patients showing a 

347 higher mortality rate at 5 years of follow-up. In addition, our research results show that 

348 more symptomatic patients had a lower BMI but a higher risk of future exacerbation and 

349 mortality. This was consistent with a study by Putcha et al. [36], which showed that 

350 underweight participants had a significantly higher risk of death and severe exacerbations

351 Death is the most serious malignant event associated with COPD [37] and it is vital to 

352 analyze the risk factors for death in COPD patients. Our results showed that age, smoking 

353 (packs/year) and the CAT score were positively correlated with mortality. Age and 

354 smoking are important risk factors associated with COPD development [38-39], and our 

355 study also found the same result. At the same time, it implied that improved pulmonary 
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356 function, reduced respiratory symptoms and quitting smoking are important interventions 

357 to reduce the occurrence of malignant events in COPD.

358 Acute exacerbations are important deterioration events in patients with COPD during 

359 follow-up. Therefore, it is necessary to analyze the independent risk factors of the more 

360 symptomatic patients who suffered from exacerbation during the 18 months of follow-up 

361 in order to better guide the prevention and treatment. In this study, we found that the 

362 mMRC score, being a current-smoker and the number of exacerbations in the past year 

363 were positively correlated with future exacerbation. It is implied that the higher the 

364 mMRC score and number of exacerbations in the past year, the higher the future 

365 exacerbation risk. 

366 Smoking is an important risk factor for COPD development [39] and it is important to 

367 demonstrate the effects of smoking on COPD exacerbation. Therefore, we further 

368 analyzed the exacerbations and mortality after 18 months of follow-up in COPD patients 

369 with different smoking histories. We found that current-smokers had a higher 

370 exacerbation and hospitalization rates than former-smokers and never-smokers 

371 (Supplementary Table 1). Furthermore, COPD patients who smoked more than 10 

372 packs/year had higher mortality (Supplementary Table 2). This implies that smoking 

373 cessation may decrease the risk of exacerbation and mortality in COPD patients. A study 

374 by Pezzuto et al. [40] had a similar result, showing that smoking cessation notably 

375 improved pulmonary functional parameters, oxygen desaturation and the walking test, as 

376 well as decreasing the CAT scores.

377 This study has some limitations. First, there were 281 more symptomatic COPD patients 

378 lost to contact during follow-up. However, we found that the characteristics of the 
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379 patients lost to follow-up and those that remained in the study were not significantly 

380 different (Supplementary Table 3). Also, the number of female patients in this study was 

381 small. In fact, the prevalence of COPD differed significantly between males and females 

382 in China, with the prevalence being higher in males, mainly because smoking was the 

383 main risk factor for COPD but also because there were relatively few female patients who 

384 smoked [41-42]. Furthermore, several studies showed that the proportion of female 

385 patients was relatively small in China [43-45]. In addition, the number of patients with a 

386 low education level was higher. In fact, China is a developing country and the overall 

387 level of education is not high in early time. Finally, this study lacked data on 

388 comorbidities, which placed a symptom burden on patients with COPD and has an impact 

389 on future exacerbation and mortality. 

390 In summary, our study revealed that the majority of COPD patients have more symptoms, 

391 which is associated with worse pulmonary function. More symptomatic patients also have 

392 worse outcomes. Reducing respiratory symptoms might improve patients’ pulmonary 

393 function and outcomes. In addition, several independent risk factors for exacerbation and 

394 mortality in more symptomatic COPD patients were identified, including age, smoking, 

395 mMRC score, CAT score and exacerbations in the past year. Therefore, clinicians should 

396 be aware of the risk factors and take them into account for interventions in more 

397 symptomatic COPD patients.
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606 Figure captions

607 Figure 1. Flow chart. COPD, Chronic Obstructive Pulmonary Disease; GOLD, Global 

608 Initiative for Chronic Obstructive Lung Disease.

609 Figure 2. Kaplan-Meier curves of the exacerbation free proportion between more and 

610 less symptomatic COPD patients; P < 0.05 was considered to be statistically significant. 

611 COPD, Chronic Obstructive Pulmonary Disease.

612 Figure 3. Kaplan-Meier curves of the overall survival between more and less 

613 symptomatic COPD patients; P < 0.05 was considered to be statistically significant. 

614 COPD, Chronic Obstructive Pulmonary Disease.
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Supplement table 1. Exacerbation and mortality after 18 months of follow-up in COPD
patients with different smoke history.

Variables
Never-smoker
(n = 234)

Former-smoker
(n = 478)

Current-smoker
(n = 695)

P -
value

Exacerbations,
(Mean ± SD)

0.8 ± 1.5 0.9 ± 1.4 1.5 ± 1.9 a, b 0.008

Exacerbations, n (%) 0.006
0 178 (73.6) 327 (70.2) 438 (66.1) a, b

1 28 (13.2) 63 (14.4) 108 (16.3)
≥2 22 (13.2) 61 (15.4) 117 (17.6) a, b

Hospitalizations,
(Mean ± SD)

0.4 ± 1.0 0.4 ± 0.8 0.6 ± 1.2 a, b 0.045

Hospitalizations, n (%) 0.035
0 182 (79.8) 361 (78.8) 480 (73.2) a, b

≥1 46 (20.2) 97 (21.2) 176 (26.8) a, b

Mortality, n (%) 6 (2.6) 20 (4.2) 39 (5.6) 0.135
Notes: a Compared with the Never-smoker, P < 0.05; b Compared with the Former-smoker, P <
0.05.
Abbreviations: COPD, Chronic Obstructive Pulmonary Disease; SD, Standard Deviation.
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Supplement table 2. Exacerbation and mortality after 18 months of follow-up in COPD
patients with different amounts of smoking (packs/year).

Variables
< 10 packs/year

(n = 239)
≥ 10 packs/year

(n = 1168)
P -
value

Exacerbations,
(Mean ± SD)

0.8 ± 1.5 0.7 ± 1.3 0.306

Exacerbations, n (%) 0.949
0 147 (62.8) 692 (62.5)
1 39 (16.7) 194 (17.5)
≥2 48 (20.5) 222 (20.0)

Hospitalizations,
(Mean ± SD)

0.4 ± 1.0 0.4 ± 0.8 0.753

Hospitalizations, n (%) 0.298
0 180 (76.9) 816 (73.6)
≥1 54 (23.1) 292 (26.4)

Mortality, n (%) 5 (2.5) 60 (5.1) 0.045
Note: COPD, Chronic Obstructive Pulmonary Disease; SD, Standard Deviation.
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Supplement table 3. The baseline characteristics of more symptomatic COPD patients who
remained in the study and lost to follow-up.

Variables More symptomatic patients P -
valueA1 (n=1107) A2 (n=281)

Age (years) 65.5 ± 8.0 65.6 ± 8.0 0.813
Sex, n (%) 0.892
Male 988 (89.3) 250 (89.0)
Female 119 (10.7) 31 (11.0)

Education level, n (%) 0.158
Primary school 455 (41.1) 130 (46.3)
Junior high school 428 (38.7) 88 (31.3)
High school 173 (15.7) 49 (17.4)
University 51 (4.6) 14 (5.0)

BMI (kg/m2) 22.3 ± 3.7 22.5 ± 3.7
Smoke history, n (%) 0.290
Never-smoker 187 (16.9) 53 (18.9)
Former-smoker 385 (34.8) 84 (29.9)
Current-smoker 535 (48.3) 144 (51.2)

Smoking, (packs/year), (Mean ± SD) 37.5 ± 28.6 36.1 ± 26.7 0.433
Biofuel exposure, n (%) 0.493
Yes 440 (39.8) 118 (42.0)
No 667 (60.2) 163 (58.0)

Occupational exposure, n (%) 0.629
Yes 416 (37.6) 110 (39.1)
No 691 (62.4) 171 (60.9)

Pulmonary function, (Mean ± SD)
FEV1 1.8 ± 0.5 1.2 ± 0.5 0.908
FEV1 %pred 48.6 ± 19.0 49.5 ± 19.1 0.480
FVC 2.6 ± 0.7 2.6 ± 0.7 0.439
FEV1/FVC 44.4 ± 12.2 44.7 ± 12.1 0.664
PEF 3.2 ± 1.4 3.1 ± 1.4 0.498

GOLD stages, n (%) 0.706
1 71 (6.4) 19 (6.8)
2 408 (36.9) 110 (39.1)
3 427 (38.6) 109 (38.8)
4 201 (18.1) 43 (15.3)

CAT, (Mean ± SD) 17.6 ± 5.4 17.3 ± 5.2 0.400
mMRC, (Mean ± SD) 2.3 ± 0.9 2.3 ± 0.9 0.885
CCQ, (Mean ± SD) 23.7 ± 6.5 23.2 ± 6.4 0.206
Treatments, n (%)
LAMA 363 (32.8) 101 (35.9) 0.317
LABA + ICS 82 (7.4) 15 (5.3) 0.224
LAMA + LABA 24 (2.2) 3 (1.1) 0.233
LAMA + LABA + ICS 558 (50.4) 137 48.8) 0.621
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Oxygen therapy, n (%) 0.393
Yes 92 (8.3) 19 (6.8)
No 1015 (91.7) 262 (93.2)

Exacerbations in the past year,
(Mean ± SD)

1.8 ± 3.3 1.9 ± 3.5 0.603

Hospitalizations in the past year,
(Mean ± SD)

0.8 ± 1.5 0.7 ± 1.3 0.467

Notes: A1: The COPD patients who remained in the study after 18 months of follow-up; A2: The
COPD patients who lost to follow-up.
Abbreviations: BMI, Body Mass Index; COPD, Chronic Obstructive Pulmonary Disease; CAT,
COPD Assessment Test; CCQ, Clinical COPD Questionnaire; FEV1, Forced Expiratory Volume
in one second; FVC, Forced Vital Capacity; GOLD, Global Initiative for Chronic Obstructive
Lung Disease; ICS, Inhaled Corticosteroid; LAMA, Long-Acting Muscarinic Antagonist; LABA,
Long-Acting β2-Agonist; mMRC, modified Medical Research Council; PEF, Peak Expiratory
Flow; SD, Standard Deviation.
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46 Abstract

47 Objectives: The Global Initiative for Chronic Obstructive Lung Disease (GOLD) 2017 

48 classified chronic obstructive pulmonary disease (COPD) patients into more and less 

49 symptomatic groups. This study aimed to analyze the clinical characteristics, risk of 

50 future exacerbation and mortality among patients in more symptomatic group. 

51 Methods: This retrospective cohort study enrolled 1729 stable COPD patients from a 

52 database setup by Second Xiangya Hospital of Central South University. The patients 

53 were classified into more and less symptomatic groups based on GOLD 2017 report. All 

54 patients were followed up for 18 months. We collected baseline data and recorded the 

55 number of exacerbations and mortality during follow-up.

56 Results: The more symptomatic patients were older, had higher Clinical COPD 

57 Questionnaire (CCQ) scores, more severe airflow limitation and higher number of 

58 exacerbations and hospitalizations in the past year (P < 0.05). Logistic regression showed 

59 that having more symptoms correlated with the CCQ scores and exacerbations in the past 

60 year (P < 0.05). After patients were followed up, there were higher numbers of 

61 exacerbations, hospitalizations and mortality rates in more symptomatic patients (P < 

62 0.05). The multivariate model showed that age more than 65 years (OR = 2.047, 95% CI 

63 = 1.020-4.107) and COPD assessment test scores more than 30 (OR = 2.609, 95% CI = 

64 1.339-5.085) were independent risk factors for mortality, whereas current smoker (OR = 

65 1.565, 95% CI = 1.052-2.328), modified Medical Research Council scores (OR = 1.274, 

66 95% CI = 1.073-1.512) and exacerbations in the past year (OR = 1.061, 95% CI = 1.013-

67 1.112) were independent risk factors for exacerbation in more symptomatic patients (P < 

68 0.05).
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69 Conclusions: More symptomatic COPD patients have worse outcomes. In addition, 

70 several independent risk factors for exacerbation and mortality were identified. Therefore, 

71 clinicians should be aware of these risk factors and take them into account during 

72 interventions.

73 Keywords: COPD, More symptomatic, Mortality, Exacerbation, GOLD

74 Strengths and limitations of this study

75  This is a multicenter study and the data derived from outpatient COPD database 

76 which including several hospitals.

77  This study is the first to explore the independent risk factors for future exacerbation 

78 and mortality among more symptomatic COPD patients according to GOLD report. 

79  A key limitation is that 281 of the more symptomatic patients were lost to follow-up.

80  This study did not discuss the comorbidities which might place a symptom burden on 

81 patients with COPD. 

82

83
84

85

86

87

88

89

90
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91 Introduction

92 Chronic obstructive pulmonary disease (COPD) is a serious chronic respiratory disease 

93 that typically features persistent respiratory symptoms, such as cough, expectoration and 

94 dyspnea. This disease has brought a huge burden of mortality to humanity [1-2] and 

95 therefore prevention and treatment are urgent.

96 Breathlessness, cough and sputum production are common symptoms of COPD, bringing 

97 a huge burden to patients. Some may experience deterioration of their symptoms and 

98 need additional treatment [3]. The COPD assessment test (CAT) and modified Medical 

99 Research Council (mMRC) scales cover several dimensions, such as dyspnea, cough, 

100 expectoration, confidence, limitation of daily activities and chest tightness, and are used 

101 as indicators to measure the effect of symptoms on the health of COPD patients [4-5]. 

102 The higher the CAT and mMRC scores, the more symptoms the patients have and the 

103 greater the impact on patients’ health [6]. Ding et al. [7] found that as the CAT scores 

104 increased, the frequency of primary care physician visits also increased. Kim et al. [8] 

105 found that COPD patients with increased mMRC scores had a higher risk of exacerbation, 

106 more severe airflow limitation and respiratory symptoms when compared with patients 

107 with unchanged mMRC scores after 1 year of follow-up. In addition, one study showed 

108 that the BODE (body mass index (BMI), airflow obstruction, dyspnea, exercise capacity) 

109 index includes dyspnea as a meaningful marker of future exacerbation risk [9]. In fact, 

110 some COPD patients only experience cough or breathlessness, whereas others have 

111 multiple respiratory symptoms, including cough, expectoration, chest tightness and 

112 dyspnea. 
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113 The Global Initiative for Chronic Obstructive Lung Disease (GOLD) 2017 evaluated 

114 COPD patients based on the CAT/mMRC scores and exacerbation risk to better guide the 

115 treatment, dividing patients into more symptomatic and less symptomatic groups [10]. A 

116 Japanese study found that the COPD patients in the more symptomatic group were older 

117 and had more severe airflow limitation and higher exacerbation rates according to the 

118 GOLD 2017 classification; however, the number of more symptomatic patients in this 

119 study was small [11]. Several studies have shown that the more symptomatic COPD 

120 patients account for the majority [12-15]. In addition, Cabrera López et al. [16] found that 

121 the risk of mortality was higher in Groups B and D than in Groups A and C according to 

122 the GOLD 2017 classification. However, the clinical characteristics and outcomes among 

123 more symptomatic COPD patients remained unclear. Therefore, our purpose was to 

124 analyze the clinical characteristics and related risk factors, as well as the risk of future 

125 exacerbation and mortality among patients in more symptomatic group.

126 Methods

127 Study participants 

128 We conducted a retrospective cohort study that captured the patients listed from 

129 September 2017 to December 2019 in the outpatient COPD database (Register number: 

130 ChiCTR-POC-17010431; http://120.77.177.175:9007/a/login), which includes the 

131 Second Xiangya Hospital of Central South University, the Zhuzhou Central Hospital, the 

132 Hunan Prevention and Treatment Institute for Occupational Diseases, the First Attached 

133 Hospital of Shaoyang University, the Eighth Hospital in Changsha and the Longshan 

134 Hospital of Traditional Chinese Medicine (Hunan, China). The inclusion criterion for 

135 COPD patients was a ratio of forced expiratory volume in 1 s to forced vital capacity 
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136 (FEV1/FVC) of < 0.70 after bronchodilator administration. Patients with interstitial lung 

137 disease, bronchiectasis, pneumonia, asthma, pleural effusion, lung cancer or active 

138 tuberculosis were excluded from the study.

139 We confirm that this study was conducted in accordance with the Declaration of Helsinki 

140 and approved by the Ethics Committee of the Second Xiangya Hospital of Central South 

141 University. All patients in this study were provided written informed consent.

142 Patient and public involvement

143 Patients and the public were not involved in the conception of this study, development of 

144 the research question, interpretation of the results or manuscript writing.

145 Study procedures

146 All included COPD patients underwent 18 months of follow-up. Furthermore, at the 6, 12 

147 and 18 months, we recorded the number of exacerbations, hospitalizations and deaths 

148 among these patients. According to the GOLD 2017 report, the COPD patients were 

149 assigned to more and less symptomatic groups. Briefly, the more symptomatic group was 

150 defined by mMRC scores ≥ 2 and CAT scores ≥ 10, with or without a history of 

151 exacerbations and hospitalizations. The less symptomatic group was defined by mMRC 

152 scores < 2 and/or CAT scores < 10, with or without a history of exacerbations and 

153 hospitalizations [10].

154 Data collection and definitions

155 The baseline clinical characteristics included demographics, smoke history, biofuel and 

156 occupational exposure history, pulmonary function results, symptoms scores (including 

157 CAT and mMRC), Clinical COPD Questionnaire (CCQ) scores, treatment regimens and 
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158 number of exacerbations and hospitalizations in the past year. Furthermore, we recorded 

159 mortality, and the number of exacerbations and hospitalizations during follow-up. 

160 A current smoker was defined as having a smoking exposure of more than 10 packs/year, 

161 whereas a former smoker was defined as having a smoking exposure of at least 10 

162 packs/year, but with smoking cessation for more than half a year [17]. An exacerbation 

163 was defined as disease progression that requires antibiotics, oral corticosteroids or 

164 hospitalization for treatment or was determined by a sputum color change (to green or 

165 yellow) [18]. Biofuel exposure was defined as continuous exposure to biofuels for at least 

166 2 hours a day, for at least one year. Occupational exposure was defined as exposure to 

167 dust, metals, chemical substances or other environmental agents for at least eight hours a 

168 day for at least one year [19]. According to the GOLD 2017 report, GOLD stage 1 (FEV1 

169 ≥ 80 %pred), GOLD stage 2 (FEV1 50-79 %pred), GOLD stage 3 (FEV1 30-49 %pred) 

170 and GOLD stage 4 (FEV1 < 30 %pred) [10]. Oxygen therapy included home oxygen 

171 therapy and non-invasive positive pressure ventilation in this study [20].

172 The pulmonary function test was measured by a spirometer (MasterScreen-Body/Diff, 

173 CareFusion, Germany) according to the American Thoracic Society guidelines. FEV1 

174 was defined as the time in seconds, measured from time 0 to 1, of the expiration after 

175 maximal forced inspiration. FVC was defined as the largest expiration volume 

176 immediately after maximal forced inspiration. Peak expiratory flow (PEF) was defined as 

177 the highest flow achieved from a maximum forced expiratory maneuver started without 

178 hesitation from a position of maximal lung inflation [21].

179 Statistical analysis
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180 Continuous variables were presented as the mean ± standard deviation (SD). The Chi-

181 squared and Fisher’s tests were used to analyze categorical variables. An independent-

182 sample Student’s t-test was used to analyze continuous variables. For variables with non-

183 normal distribution or uneven variance, we used non-parametric tests. The variously 

184 adjusted odds ratio was calculated using multivariate logistic regression. Two-sided P 

185 values of < 0.05 were considered to be statistically significant. SPSS version 26.0 (IBM, 

186 Armonk, NY, USA) was used to perform all statistical analyses.

187 Results

188 Baseline characteristics 

189 A total of 1729 patients with COPD were included (Figure 1). The mean age was 65.1 ± 

190 8.2 years, 89.1% were male and more than half of the patients were current smokers. 

191 Most of the patients were in GOLD stages 2-3 and treatment with a long-acting 

192 muscarinic antagonist (LAMA), LAMA + long-acting β2-agonist (LABA) + inhaled 

193 corticosteroid (ICS). The mean CAT and CCQ scores were 15.4 ± 6.6 and 21.9 ± 7.2, 

194 respectively. Most patients suffered from an exacerbation and hospitalization less than 

195 once per year (Table 1).

196 Table 1. The baseline characteristics of the COPD patients.
Variables Total (n = 1729)

Age (years), (Mean ± SD) 65.1 ± 8.2
Age, n (%)

<65 755 (43.7)
≥65 974 (56.3)

Sex, n (%)
Male 1541 (89.1)
Female 188 (10.9)

Education level, n (%)
Primary school 713 (41.2)
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Junior high school 618 (35.8)
High school 289 (16.7)
University 108 (6.3)

BMI (kg/m2) 22.5 ± 3.6
Smoke history, n (%)

Never smoker 288 (16.7)
Former smoker 576 (33.3)
Current smoker 865 (50.0)

Smoking, (packs/year), (Mean ± SD) 37.4 ± 28.2
Biofuel exposure, n (%)

Yes 660 (38.2)
No 1069 (61.8)

Occupational exposure, n (%)
Yes 659 (38.1)
No 1070 (61.9)

Pulmonary function, (Mean ± SD)
FEV1 1.3 ± 0.6
FEV1 %pred 52.1 ± 20
FVC 2.7 ± 0.7
FEV1/FVC 46.5 ± 16.1
PEF 3.5 ± 1.6

GOLD stages, n (%)
1 171 (9.9)
2 709 (41.0)
3 596 (34.5)
4 253 (14.6)

CAT, (Mean ± SD) 15.4 ± 6.6
mMRC, (Mean ± SD) 2.1 ± 1.0 
CCQ, (Mean ± SD) 21.9 ± 7.2
Treatments, n (%)

LAMA 622 (36.0)
LABA + ICS 136 (7.9)
LAMA + LABA 33 (1.9)
LAMA + LABA + ICS 797 (46.1)

Oxygen therapy, n (%)
Yes 121 (7.0)
No 1608 (93.0)

Exacerbations in the past year, (Mean ± SD) 1.7 ± 3.1
Exacerbations in the past year, n (%)

0 753 (43.6)
1 412 (23.8)
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≥2 564 (32.6)
Hospitalizations in the past year, (Mean ± SD) 0.7 ± 1.3
Hospitalizations in the past year, n (%)

0 1132 (65.5)
≥1 597 (34.5)

197 Abbreviations: BMI, Body Mass Index; COPD, Chronic Obstructive Pulmonary Disease; CAT, 
198 COPD Assessment Test; CCQ, Clinical COPD Questionnaire; FEV1, Forced Expiratory Volume in 
199 one second; FVC, Forced Vital Capacity; GOLD, Global Initiative for Chronic Obstructive Lung 
200 Disease; ICS, Inhaled Corticosteroid; LAMA, Long-Acting Muscarinic Antagonist; LABA, Long-
201 Acting β2-Agonist; mMRC, modified Medical Research Council; PEF, Peak Expiratory Flow; SD, 
202 Standard Deviation.

203

204 According to the GOLD 2017 report, 1388 (80.3%) were more symptomatic patients. 

205 These patients were older (65.5 ± 8.0 vs 63.4 ± 8.8 years, P < 0.001) and had lower 

206 education level, BMI, FEV1, FEV1 %pred, FVC, FEV1/FVC and PEF (P < 0.001). In 

207 addition, a higher proportion of biofuel exposure history, GOLD stages 3-4 patients, 

208 treatment with LAMA+LABA+ICS and oxygen therapy in more symptomatic group (P < 

209 0.05). Furthermore, more symptomatic COPD patients had higher CCQ scores and a 

210 higher number of exacerbations and hospitalizations in the past year (P < 0.001) (Table 

211 2).

212 Table 2. The clinical characteristics of more symptomatic COPD patients. 
Variables More symptoms

(n = 1388)
Less symptoms

(n = 341)
P - 

value
Age (years) , (Mean ± SD) 65.5 ± 8.0 63.4 ± 8.8 <0.001
Age, n (%) 0.003

<65 582 (41.9) 173 (50.2)
≥65 806 (58.1) 168 (49.3)

Sex, n (%)
Male 1238 (89.2) 303 (88.9)
Female 150 (10.8) 38 (11.1)

Education level, n (%) <0.001
Primary school 585 (42.1) 128 (37.5)
Junior high school 516 (37.2) 102 (29.9)
High school 222 (16.0) 67 (19.6)
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University 65 (4.7) 44 (13.0)
BMI (kg/m2) 22.3 ± 3.7 23.2 ± 3.1 <0.001
Smoke history, n (%) 0.142

Never smoker 240 (17.3) 48 (14.1)
Former smoker 469 (33.8) 107 (31.4)
Current smoker 679 (48.9) 186 (54.5)

Smoking, (packs/year), (Mean ± SD) 37.2 ± 28.3 38.0 ± 27.9 0.629
Biofuel exposure, n (%) <0.001

Yes 558 (40.2) 102 (29.9)
No 830 (59.8) 239 (70.1)

Occupational exposure, n (%) 0.706
Yes 526 (37.9) 133 (39)
No 862 (62.1) 208 (61)

Pulmonary function, (Mean ± SD)
FEV1 1.2 ± 0.5 1.7 ± 0.6 <0.001
FEV1 %pred 48.7 ± 19.0 65.7 ± 19.4 <0.001
FVC 2.6 ± 0.7 3.1 ± 0.8 <0.001
FEV1/FVC 44.4 ± 12.2 54.9 ± 12.9 <0.001
PEF 3.2 ± 1.4 4.7 ± 1.9  <0.001

GOLD stages, n (%) <0.001
1 90 (6.5) 81 (23.8)
2 518 (37.3) 191 (56.0)
3 536 (38.6) 60 (17.6)
4 244 (17.6) 9 (2.6)

CAT, (Mean ± SD) 17.6 ± 5.3 6.5 ± 2.2 <0.001
mMRC, (Mean ± SD) 2.3 ± 0.9 1.2 ± 0.8 <0.001
CCQ, (Mean ± SD) 23.6 ± 6.5 15.1 ± 5.8 <0.001
Treatments, n (%)

LAMA 464 (33.4) 158 (46.3) <0.001
LABA + ICS 97 (7.0) 39 (11.4) 0.006
LAMA + LABA 27 (1.9) 6 (1.8) 0.822
LAMA + LABA + ICS 695 (50.1) 102 (29.9) <0.001

Oxygen therapy, n (%) 0.001
Yes 111 (8.0) 10 (2.9)
No 1277 (92.0) 331 (97.1)

Exacerbations in the past year, (Mean ± SD) 1.9 ± 3.3 0.8 ± 1.8 <0.001
Exacerbations in the past year, n (%) <0.001

0 555 (40.0) 198 (58.1)
1 325 (23.4) 87 (25.5)
≥2 508 (36.6) 56 (16.4)

Hospitalizations in the past year, (Mean ± SD) 0.7 ± 1.4 0.3 ± 0.8 <0.001
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Hospitalizations in the past year, n (%) <0.001
0 872 (62.8) 260 (76.2)
≥1 516 (37.2) 81 (23.8)

213 Abbreviations: BMI, Body Mass Index; COPD, Chronic Obstructive Pulmonary Disease; CAT, 
214 COPD Assessment Test; CCQ, Clinical COPD Questionnaire; FEV1, Forced Expiratory Volume in 
215 one second; FVC, Forced Vital Capacity; GOLD, Global Initiative for Chronic Obstructive Lung 
216 Disease; ICS, Inhaled Corticosteroid; LAMA, Long-Acting Muscarinic Antagonist; LABA, Long-
217 Acting β2-Agonist; mMRC, modified Medical Research Council; PEF, Peak Expiratory Flow; SD, 
218 Standard Deviation.

219

220 Multivariate analysis of risk factors associated with more symptomatic COPD 

221 patients

222 Results were adjusted for age, education level, biofuel exposure, FEV1, FEV1 %pred, 

223 FVC, GOLD stages and BMI. Logistic regression analysis showed that FEV1/FVC and 

224 PEF were negatively correlated with the more symptomatic, with an OR of 0.980 (95% 

225 CI = 0.964 - 0.995) and 0.774 (95% CI = 0.688 - 0.872), respectively (P < 0.05). 

226 However, CCQ scores and exacerbations in the past year were positively correlated with 

227 the more symptomatic, with an OR of 1.200 (95% CI = 1.169 - 1.232) and 1.114 (95% CI 

228 = 1.025 - 1.211), respectively (P < 0.05) (Table 3).

229 Table 3. Multivariate analysis of risk factors associated with more symptomatic COPD patients.
Variables OR 95% CI P - value

FEV1/FVC 0.980 0.964 – 0.995 0.010
PEF 0.774 0.688 – 0.872 <0.001
CCQ 1.200 1.169 – 1.232 <0.001
Exacerbations in the past year 1.114 1.025 - 1.211 0.011

230 Notes: After adjusted for age, education level, biofuel exposure, FEV1, FEV1 %pred, FVC, GOLD 
231 stages, BMI and hospitalizations in the past year. P < 0.05 are statistically significant in accordance 
232 with logistic regression analysis.
233 Abbreviations: BMI, Body Mass Index; CI, Confidence interval; COPD, Chronic Obstructive 
234 Pulmonary Disease; CCQ, Clinical COPD Questionnaire; FEV1, Forced Expiratory Volume in one 
235 second; FVC, Forced Vital Capacity; GOLD, Global Initiative for Chronic Obstructive Lung Disease; 
236 PEF, Peak Expiratory Flow; OR, Odds Ratio.

237

238 Exacerbation and mortality after 18 months of follow-up
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239 As shown in Table 4, after 18 months of follow-up, a total of 1407 patients were included. 

240 The mean values for exacerbations and hospitalizations were 0.7 ± 1.3 and 0.4 ± 0.8 

241 respectively. Most of the patients suffered an exacerbation and hospitalization less than 

242 once per year and the mortality rate was 4.6%.

243 Table 4. Exacerbation and mortality after 18 months of follow-up in more symptomatic COPD 
244 patients.

Variables Total 
(n = 1407)

More symptomatic
 (n = 1107)

Less symptomatic
(n = 300)

P - 
value

Exacerbations,
(Mean ± SD)

0.7 ± 1.3 0.8 ± 1.4 0.5 ± 1.1 <0.001

Exacerbations,
n (%)

<0.001

0 836 (62.2) 621 (59.2) 215 (73.4)
1 259 (19.4) 217 (20.7) 42 (14.3)
≥2 247 (18.4) 211 (20.1) 36 (12.3)

Hospitalizations,
(Mean ± SD)

0.4 ± 0.8 0.4 ± 0.9 0.2 ± 0.6 <0.001

Hospitalizations, 
n (%)

0.001

0 1004 (77.7) 762 (72.6) 242 (82.6)
≥1 338 (22.3) 287 (27.4) 51 (17.4)

Mortality, n (%) 65 (4.6) 58 (5.2) 7 (2.3) 0.033
245 Note: COPD, Chronic Obstructive Pulmonary Disease; SD, Standard Deviation.

246

247 After 18 months of follow-up, 1107 more symptomatic COPD patients were analyzed for 

248 future exacerbation and mortality. The results show that the more symptomatic COPD 

249 patients suffered from a higher number of exacerbations and hospitalizations (P < 0.001). 

250 The proportion of more symptomatic patients who suffered from exacerbations and 

251 hospitalizations at least once per year was higher (P < 0.001), with rates of 40.8% and 

252 27.4%, respectively. Comparison of the exacerbation free proportion using a Kaplan–

253 Meier curve revealed that there was a significant difference between the more and less 

254 symptomatic patients (P < 0.001) (Figure 2). In addition, 58 (5.2%) more symptomatic 

255 COPD patients died during the 18 months of follow-up, which is a higher number than in 
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256 the less symptomatic group (P < 0.001). Comparison of overall survival using the 

257 Kaplan–Meier curve revealed that survival was significantly different between the more 

258 and less symptomatic patients (P = 0.013) (Figure 3).

259 Univariate and stepwise multivariate analysis of risk factors for mortality in more 

260 symptomatic COPD patients

261 Of the 1107 more symptomatic COPD patients, 58 died during follow-up. Univariate 

262 analysis showed that there were several risk factors for mortality, including age more 

263 than 65 years (OR = 2.925, 95% CI = 1.532-5.586, P = 0.001), smoking (packs/year) (OR 

264 = 1.012, 95% CI = 1.003-1.020, P = 0.005), CAT scores more than 30 (OR = 3.341, 95% 

265 CI = 1.923-5.805, P < 0.001), mMRC scores (OR = 1.490, 95% CI = 1.107-2.006, P = 

266 0.009), CCQ scores (OR = 1.091, 95% CI = 1.048-1.137, P < 0.001), exacerbations in the 

267 past year (OR = 1.057, 95% CI = 1.001-1.117, P = 0.049) and hospitalizations in the past 

268 year (OR = 1.143, 95% CI = 1.014-1.289, P = 0.029). The multivariate model showed 

269 that age more than 65 years (OR = 2.047, 95% CI = 1.020-4.107, P = 0.044), smoking 

270 (packs/year) (OR = 1.014, 95% CI = 1.005-1.023, P = 0.002), and CAT scores more than 

271 30 (OR = 2.609, 95% CI = 1.339-5.085, P = 0.005) were independent risk factors for 

272 mortality in more symptomatic COPD patients (Table 5).

273 Table 5. Univariate and stepwise multivariate analysis of risk factors for mortality in more 
274 symptomatic COPD patients.

Univariate MultivariateVariables
OR 95% CI P - value OR 95% CI P - value

Age
<65 Reference Reference
≥65 2.925 1.532-5.586 0.001 2.047 1.020-4.107 0.044

Sex
Male Reference
Female 0.439 0.135-1.425 0.170

Education level
Primary school Reference Reference
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Junior high 
school

0.372 0.194-0.714 0.003 0.453 0.230-1.350 0.325

High school 0.655 0.308-1.394 0.272 0.758 0.341-1.689 0.499
University 0.239 0.032-1.781 0.162 0.325 0.041-2.547 0.284

BMI 0.950 0.881-1.023 0.173
Smoke history

Former smoker Reference
Never smoker 0.517 0.196-1.362 0.182
Current smoker 1.363 0.782-2.374 0.275

Smoking 
(packs/year) 

1.012 1.003-1.020 0.005 1.014 1.005-1.023 0.002

Biofuel exposure
Yes Reference
No 0.736 0.416-1.302 0.292

Occupational 
exposure

Yes Reference
No 0.642 0.378-1.089 0.100

Pulmonary 
function

FEV1 0.713 0.407-1.246 0.235
FEV1 %pred 1.000 0.986-1.014 0.993
FVC 0.573 0.387-0.848 0.005 0.667 0.394-1.130 0.132
FEV1/FVC 1.013 0.991-1.034 0.246
PEF 0.898 0.731-1.102 0.303

GOLD stages
1 0.314 0.071-1.394 0.128 0.862 0.155-4.796 0.865
2 0.676 0.355-1.290 0.304 1.359 0.600-3.080 0.462
3 0.394 0.193-0.806 0.011 0.553 0.251-1.220 0.142
4 Reference Reference

CAT
10-19 Reference Reference
20-29 2.927 0.835-10.257 0.093 1.538 0.354-6.680 0.566
≥30 3.341 1.923-5.805 <0.001 2.609 1.339-5.085 0.005

mMRC 1.490 1.107-2.006 0.009 0.911 0.626-1.325 0.626
CCQ 1.091 1.048-1.137 <0.001 1.039 0.988-1.092 0.135
Treatments

LAMA 0.918 0.519-1.625 0.770
LABA + ICS 0.670 0.205-2.189 0.507
LAMA + LABA 2.670 0.773-9.225 0.121
LAMA + LABA 

+ ICS
1.057 0.623-1.794 0.837

Oxygen therapy
No Reference
Yes 1.526 0.986-2.363 0.058

Exacerbations in 
the past year

1.057 1.001-1.117 0.049 1.016 0.933-1.107 0.711

Hospitalizations in 
the past year

1.143 1.014-1.289 0.029 1.108 0.948-1.295 0.198

275 Abbreviations: BMI, Body Mass Index; COPD, Chronic Obstructive Pulmonary Disease; CAT, 
276 COPD Assessment Test; CCQ, Clinical COPD Questionnaire; FEV1, Forced Expiratory Volume in 
277 one second; FVC, Forced Vital Capacity; GOLD, Global Initiative for Chronic Obstructive Lung 
278 Disease; ICS, Inhaled Corticosteroid; LAMA, Long-Acting Muscarinic Antagonist; LABA, Long-
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279 Acting β2-Agonist; mMRC, modified Medical Research Council; PEF, Peak Expiratory Flow, OR, 
280 Odds Ratio; CI, Confidence Interval.

281

282 Univariate and stepwise multivariate analysis of risk factors for future exacerbation 

283 in more symptomatic COPD patients

284 In total, 428 of 1107 more symptomatic COPD patients suffered from exacerbation 

285 during follow-up. Univariate analysis showed that there were several risk factors for 

286 future exacerbation, including being a current smoker (OR = 1.480, 95% CI = 1.125-

287 1.948, P = 0.005), CAT scores 20 to 29 (OR = 1.428, 95% CI = 1.087-1.877, P = 0.011) 

288 and CAT scores more than 30 (OR = 3.225, 95% CI = 1.531-6.793, P = 0.002), mMRC 

289 scores (OR = 1.375, 95% CI = 1.199-1.576, P < 0.001), CCQ scores (OR = 1.025, 95% 

290 CI = 1.006-1.045, P = 0.012), exacerbations in the past year (OR = 1.098, 95% CI = 

291 1.049-1.149, P < 0.001) and hospitalizations in the past year (OR = 1.208, 95% CI = 

292 1.094-1.335, P < 0.001). The multivariate model showed that being a current smoker (OR 

293 = 1.565, 95% CI = 1.052-2.328, P = 0.027), mMRC scores (OR = 1.274, 95% CI = 

294 1.073-1.512, P = 0.006) and exacerbations in the past year (OR = 1.061, 95% CI = 1.013-

295 1.112, P = 0.013) were independent risk factors for future exacerbation in more 

296 symptomatic COPD patients (Table 6).

297 Table 6. Univariate and stepwise multivariate analysis of risk factors for future 
298 exacerbation in more symptomatic COPD patients.

Univariate MultivariateVariables
OR 95% CI P - value OR 95% CI P - value

Age
<65 Reference
≥65 1.264 0.982-1.627 0.069

Sex
Male Reference
Female 0.749 0.500-1.123 0.162

Education level
Primary school Reference Reference
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Junior high 
school

0.701 0.531-0.925 0.012 0.728 0.545-1.072 0.052

High school 0.884 0.613-1.274 0.507 0.978 0.667-1.435 0.911
University 0.903 0.427-1.424 0.737 1.169 0..631-2.168 0.621

BMI 0.956 0.924-0.989 0.010 0.962 0.927-0.998 0.040
Smoke history

Former smoker Reference Reference
Never smoker 1.064 0.751-1.508 0.728 1.066 0.725-1.567 0.746
Current smoker 1.480 1.125-1.948 0.005 1.565 1.052-2.328 0.027

Smoking 
(packs/year) 

1.002 0.997-1.006 0.469

Biofuel exposure
No Reference
Yes 1.159 0.901-1.491 0.252

Occupational 
exposure

No Reference
Yes 1.065 0.826-1.373 0.627

Pulmonary function
FEV1 0.768 0.600-0.983 0.036 1.757 0.992-3.113 0.054
FEV1 %pred 0.994 0.988-1.001 0.093
FVC 0.779 0.653-0.931 0.006 0.758 0.563-1.020 0.067
FEV1/FVC 0.994 0.984-1.004 0.224
PEF 0.891 0.813-0.977 0.015 0.921 0.770-1.102 0.368

GOLD stages
1 0.557 0.313-0.994 0.068
2 0.699 0.490-0.997 0.100
3 0.760 0.536-1.078 0.124
4 Reference

CAT
10-19 Reference Reference
20-29 1.428 1.087-1.877 0.011 1.173 0.854-1.613 0.325
≥30 3.225 1.531-6.793 0.002 1.874 0.819-4.288 0.137

mMRC 1.375 1.199-1.576 <0.001 1.274 1.073-1.512 0.006
CCQ 1.025 1.006-1.045 0.012 0.991 0.968-1.204 0.433
Treatments

LAMA 0.918 0.705-1.194 0.523
LABA + ICS 0.660 0.404-1.078 0.097
LAMA + LABA 0.902 0.370-2.195 0.820
LAMA + LABA 

+ ICS
0.813 0.635-1.041 0.100

Oxygen therapy
No Reference
Yes 1.755 0.806-3.818 0.156

Exacerbations in 
the past year

1.098 1.049-1.149 <0.001 1.061 1.013-1.112 0.013

Hospitalizations in 
the past year

1.208 1.094-1.335 <0.001 1.078 0.965-1.204 0.183

299 Abbreviations: BMI, Body Mass Index; COPD, Chronic Obstructive Pulmonary Disease; CAT, 
300 COPD Assessment Test; CCQ, Clinical COPD Questionnaire; FEV1, Forced Expiratory Volume in 
301 one second; FVC, Forced Vital Capacity; GOLD, Global Initiative for Chronic Obstructive Lung 
302 Disease; ICS, Inhaled Corticosteroid; LAMA, Long-Acting Muscarinic Antagonist; LABA, Long-
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303 Acting β2-Agonist; mMRC, modified Medical Research Council; PEF, Peak Expiratory Flow, OR, 
304 Odds Ratio, CI, Confidence Interval.
305

306 Discussion

307 In this study, we found that the more symptomatic patients accounted for the majority, 

308 and several studies have yielded the same results [12-15]. In addition, patients with 

309 COPD in China typically do not go to the hospital until they have severe respiratory 

310 symptoms. We also found that the more symptomatic patients were older, and a similar 

311 result was observed by Han et al. [22] Biofuel exposure is one of the main risk factors of 

312 COPD [23-24]. A study showed that compared with smoking, COPD patients with 

313 biofuel exposure experienced more dyspnea [25]. In addition, Dutt et al. [26] found that 

314 people exposed to biofuel may suffer from more respiratory symptoms. The results of our 

315 research confirmed that more symptomatic COPD patients had a higher biofuel exposure 

316 rate. Maintenance of inhalation bronchodilators and ICS could reduce respiratory 

317 symptoms and exacerbations, improve pulmonary function in patients with COPD. Our 

318 research results showed that more symptomatic patients were more likely to use triple 

319 inhalers and less likely to use monotherapy with LAMA. This was consistent with the 

320 results of Kobayashi et al. [11].

321 Pulmonary function is used to evaluate airflow limitation and severity of COPD patients. 

322 Our research also found that more symptomatic COPD patients had worse pulmonary 

323 function and that deterioration of pulmonary function was significantly associated with 

324 respiratory symptoms. This was consistent with a study by Boezen et al. [27], which 

325 showed that both FEV1 and PEF decreased as the number of symptoms increased and 

326 that the risk of having a FEV1 or PEF value of < 70% increased with increasing 
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327 symptoms. Brodkin et al. [28] also found that cough, phlegm, wheeze and dyspnea were 

328 inversely related to pulmonary function. Another study found that initial FEV1 level was 

329 lower in patients with dyspnea appearing during follow-up than in the group without  

330 symptoms [29]. The GOLD 2013 report also recommends the CCQ as a symptom 

331 measure [30] and states that it is predictive of mortality in COPD patients [31]. Our study 

332 showed that more symptomatic patients had higher CCQ scores, which were positively 

333 correlated with more symptoms.

334 Exacerbation is an important risk factor for stable COPD, leading to pulmonary function 

335 decline and poor prognosis [32]. Our study found that more symptomatic patients 

336 suffered from a higher number of exacerbations in the past year. Moreover, the higher the 

337 number of exacerbations, the more symptoms the patients experienced. Miravitlles et al. 

338 [33] also found that more exacerbations in the past year was associated with variability in 

339 symptom number. In addition, Kobayashi et al. [11] found that more symptomatic 

340 patients suffered a higher number of exacerbations in the past year, which is consistent 

341 with our research. However, it is unclear whether more symptomatic patients have worse 

342 outcomes. Therefore, we performed 18 months of follow-up to observe the patients’ 

343 future exacerbation and mortality. The results showed that there were higher exacerbation 

344 and hospitalization rates in more symptomatic patients, along with higher mortality rates. 

345 In addition, Kim et al. [34] found that the more symptomatic patients had significantly 

346 higher future exacerbation risk among patients with FEV1 ≥ 50%. A study by Cabrera 

347 López et al. [35] also found a similar result, with more symptomatic patients showing a 

348 higher mortality rate at 5 years of follow-up. In addition, our research results show that 

349 more symptomatic patients had a lower BMI but a higher risk of future exacerbation and 
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350 mortality. This was consistent with a study by Putcha et al. [36], which showed that 

351 underweight participants had a significantly higher risk of death and severe exacerbations

352 Death is the most serious malignant event associated with COPD [37] and it is vital to 

353 analyze the risk factors for death in COPD patients. Our results showed that age, smoking 

354 (packs/year) and the CAT scores were positively correlated with mortality. Age and 

355 smoking are important risk factors associated with COPD development [38-39], and our 

356 study also found the same result. At the same time, it implied that improved pulmonary 

357 function, reduced respiratory symptoms and quitting smoking are important interventions 

358 to reduce the occurrence of malignant events in COPD.

359 Acute exacerbations are important deterioration events in patients with COPD during 

360 follow-up. Therefore, it is necessary to analyze the independent risk factors of the more 

361 symptomatic patients who suffered from exacerbation during the 18 months of follow-up 

362 in order to better guide the prevention and treatment. In this study, we found that the 

363 mMRC scores, being a current smoker and the number of exacerbations in the past year 

364 were positively correlated with future exacerbation. It is implied that the higher the 

365 mMRC scores and number of exacerbations in the past year, the higher the future 

366 exacerbation risk. 

367 Smoking is an important risk factor for COPD development [39] and it is important to 

368 demonstrate the effects of smoking on COPD exacerbation. Therefore, we further 

369 analyzed the exacerbations and mortality after 18 months of follow-up in COPD patients 

370 with different smoking histories. We found that current smokers had a higher 

371 exacerbation and hospitalization rates than former smokers and never smokers 

372 (Supplementary table 1). Furthermore, COPD patients who smoked more than 10 
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373 packs/year had higher mortality (Supplementary table 2). This implies that smoking 

374 cessation may decrease the risk of exacerbation and mortality in COPD patients. A study 

375 by Pezzuto et al. [40] had a similar result, showing that smoking cessation notably 

376 improved pulmonary functional parameters, oxygen desaturation and the walking test, as 

377 well as decreasing the CAT scores.

378 This study has some limitations. First, 281 of the more symptomatic COPD patients lost 

379 to follow-up. However, we found that the characteristics of the patients lost to follow-up 

380 and those that remained in the study were not significantly different (Supplementary table 

381 3). Also, the number of female patients in this study was small. In fact, the prevalence of 

382 COPD differed significantly between males and females in China, with the prevalence 

383 being higher in males, mainly because smoking was the main risk factor for COPD but 

384 also because there were relatively few female patients who smoked [41-42]. Furthermore, 

385 several studies showed that the proportion of female patients was relatively small in 

386 China [43-45]. In addition, the number of patients with a low education level was higher. 

387 In fact, China is a developing country and the overall level of education is not high in 

388 early time. Finally, the comorbidities including interstitial lung disease, bronchiectasis, 

389 asthma and lung cancer were excluded from this study, which placed a symptom burden 

390 on patients with COPD and has an impact on future exacerbation and mortality. 

391 In summary, our study revealed that the majority of COPD patients have more symptoms, 

392 which is associated with worse pulmonary function. More symptomatic patients also have 

393 worse outcomes. Reducing respiratory symptoms might improve patients’ pulmonary 

394 function and outcomes. In addition, several independent risk factors for exacerbation and 

395 mortality in more symptomatic COPD patients were identified, including age, smoking, 
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396 mMRC scores, CAT scores and exacerbations in the past year. Therefore, clinicians 

397 should be aware of the risk factors and take them into account for interventions in more 

398 symptomatic COPD patients.

399 Abbreviations

400 BMI, Body Mass Index; COPD, Chronic Obstructive Pulmonary Disease; CAT, COPD 

401 Assessment Test; CCQ, Clinical COPD Questionnaire; CI, Confidence interval; FEV1, 

402 Forced Expiratory Volume in one second; FVC, Forced Vital Capacity; GOLD, Global 

403 Initiative for Chronic Obstructive Lung Disease; ICS, Inhaled Corticosteroid; LAMA, 

404 Long-Acting Muscarinic Antagonist; LABA, Long-Acting β2-Agonist; mMRC, Modified 

405 Medical Research Council; OR, Odds Ratio; PEF, Peak Expiratory Flow; SD, Standard 

406 Deviation.
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597 Figure captions

598 Figure 1. Flow chart. COPD, Chronic Obstructive Pulmonary Disease; GOLD, Global 

599 Initiative for Chronic Obstructive Lung Disease.

600 Figure 2. Kaplan-Meier curves of the exacerbation free proportion between more and 

601 less symptomatic COPD patients; P < 0.05 was considered to be statistically significant. 

602 COPD, Chronic Obstructive Pulmonary Disease.

603 Figure 3. Kaplan-Meier curves of the overall survival between more and less 

604 symptomatic COPD patients; P < 0.05 was considered to be statistically significant. 

605 COPD, Chronic Obstructive Pulmonary Disease.
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Supplementary table 1. Exacerbation and mortality after 18 months of follow-up in COPD
patients with different smoke history.

Variables
Never smoker
(n = 234)

Former smoker
(n = 478)

Current smoker
(n = 695)

P -
value

Exacerbations,
(Mean ± SD)

0.8 ± 1.5 0.9 ± 1.4 1.5 ± 1.9 a, b 0.008

Exacerbations, n (%) 0.006
0 178 (73.6) 327 (70.2) 438 (66.1) a, b

1 28 (13.2) 63 (14.4) 108 (16.3)
≥2 22 (13.2) 61 (15.4) 117 (17.6) a, b

Hospitalizations,
(Mean ± SD)

0.4 ± 1.0 0.4 ± 0.8 0.6 ± 1.2 a, b 0.045

Hospitalizations, n (%) 0.035
0 182 (79.8) 361 (78.8) 480 (73.2) a, b

≥1 46 (20.2) 97 (21.2) 176 (26.8) a, b

Mortality, n (%) 6 (2.6) 20 (4.2) 39 (5.6) 0.135
Notes: a Compared with the Never smoker group, P < 0.05; b Compared with the Former smoker
group, P < 0.05.
Abbreviations: COPD, Chronic Obstructive Pulmonary Disease; SD, Standard Deviation.
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Supplementary table 2. Exacerbation and mortality after 18 months of follow-up in COPD
patients with different amounts of smoking (packs/year).

Variables
< 10 packs/year

(n = 239)
≥ 10 packs/year

(n = 1168)
P -
value

Exacerbations,
(Mean ± SD)

0.8 ± 1.5 0.7 ± 1.3 0.306

Exacerbations, n (%) 0.949
0 147 (62.8) 692 (62.5)
1 39 (16.7) 194 (17.5)
≥2 48 (20.5) 222 (20.0)

Hospitalizations,
(Mean ± SD)

0.4 ± 1.0 0.4 ± 0.8 0.753

Hospitalizations, n (%) 0.298
0 180 (76.9) 816 (73.6)
≥1 54 (23.1) 292 (26.4)

Mortality, n (%) 5 (2.5) 60 (5.1) 0.045
Note: COPD, Chronic Obstructive Pulmonary Disease; SD, Standard Deviation.
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Supplementary table 3. The baseline characteristics of more symptomatic COPD patients
who remained in the study and lost to follow-up.

Variables More symptomatic patients P -
valueA1 (n=1107) A2 (n=281)

Age (years), (Mean ± SD) 65.5 ± 8.0 65.6 ± 8.0 0.813
Sex, n (%)
Male 988 (89.3) 250 (89.0)
Female 119 (10.7) 31 (11.0)

Education level, n (%) 0.158
Primary school 455 (41.1) 130 (46.3)
Junior high school 428 (38.7) 88 (31.3)
High school 173 (15.7) 49 (17.4)
University 51 (4.6) 14 (5.0)

BMI (kg/m2) 22.3 ± 3.7 22.5 ± 3.7
Smoke history, n (%) 0.290
Never smoker 187 (16.9) 53 (18.9)
Former smoker 385 (34.8) 84 (29.9)
Current smoker 535 (48.3) 144 (51.2)

Smoking, (packs/year), (Mean ± SD) 37.5 ± 28.6 36.1 ± 26.7 0.433
Biofuel exposure, n (%) 0.493
Yes 440 (39.8) 118 (42.0)
No 667 (60.2) 163 (58.0)

Occupational exposure, n (%) 0.629
Yes 416 (37.6) 110 (39.1)
No 691 (62.4) 171 (60.9)

Pulmonary function, (Mean ± SD)
FEV1 1.8 ± 0.5 1.2 ± 0.5 0.908
FEV1 %pred 48.6 ± 19.0 49.5 ± 19.1 0.480
FVC 2.6 ± 0.7 2.6 ± 0.7 0.439
FEV1/FVC 44.4 ± 12.2 44.7 ± 12.1 0.664
PEF 3.2 ± 1.4 3.1 ± 1.4 0.498

GOLD stages, n (%) 0.706
1 71 (6.4) 19 (6.8)
2 408 (36.9) 110 (39.1)
3 427 (38.6) 109 (38.8)
4 201 (18.1) 43 (15.3)

CAT, (Mean ± SD) 17.6 ± 5.4 17.3 ± 5.2 0.400
mMRC, (Mean ± SD) 2.3 ± 0.9 2.3 ± 0.9 0.885
CCQ, (Mean ± SD) 23.7 ± 6.5 23.2 ± 6.4 0.206
Treatments, n (%)
LAMA 363 (32.8) 101 (35.9) 0.317
LABA + ICS 82 (7.4) 15 (5.3) 0.224
LAMA + LABA 24 (2.2) 3 (1.1) 0.233
LAMA + LABA + ICS 558 (50.4) 137 48.8) 0.621
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Oxygen therapy, n (%) 0.393
Yes 92 (8.3) 19 (6.8)
No 1015 (91.7) 262 (93.2)

Exacerbations in the past year,
(Mean ± SD)

1.8 ± 3.3 1.9 ± 3.5 0.603

Hospitalizations in the past year,
(Mean ± SD)

0.8 ± 1.5 0.7 ± 1.3 0.467

Notes: A1: The COPD patients who remained in the study after 18 months of follow-up; A2: The
COPD patients who lost to follow-up.
Abbreviations: BMI, Body Mass Index; COPD, Chronic Obstructive Pulmonary Disease; CAT,
COPD Assessment Test; CCQ, Clinical COPD Questionnaire; FEV1, Forced Expiratory Volume
in one second; FVC, Forced Vital Capacity; GOLD, Global Initiative for Chronic Obstructive
Lung Disease; ICS, Inhaled Corticosteroid; LAMA, Long-Acting Muscarinic Antagonist; LABA,
Long-Acting β2-Agonist; mMRC, modified Medical Research Council; PEF, Peak Expiratory
Flow; SD, Standard Deviation.
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STROBE Statement—Checklist of items that should be included in reports of cohort studies 

Item 
No Recommendation

Page 
No

(a) Indicate the study’s design with a commonly used term in the title or the 
abstract

3Title and abstract 1

(b) Provide in the abstract an informative and balanced summary of what was 
done and what was found

3

Introduction
Background/rationale 2 Explain the scientific background and rationale for the investigation being 

reported

5

Objectives 3 State specific objectives, including any prespecified hypotheses 6

Methods
Study design 4 Present key elements of study design early in the paper 6-8

Setting 5 Describe the setting, locations, and relevant dates, including periods of 
recruitment, exposure, follow-up, and data collection

6-8

(a) Give the eligibility criteria, and the sources and methods of selection of 
participants. Describe methods of follow-up

6-8Participants 6

(b) For matched studies, give matching criteria and number of exposed and 
unexposed

6-8

Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and 
effect modifiers. Give diagnostic criteria, if applicable

6-8

Data sources/ 
measurement

8*  For each variable of interest, give sources of data and details of methods of 
assessment (measurement). Describe comparability of assessment methods if 
there is more than one group

6-8

Bias 9 Describe any efforts to address potential sources of bias 6-8

Study size 10 Explain how the study size was arrived at 6-8

Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If applicable, 
describe which groupings were chosen and why

6-8

(a) Describe all statistical methods, including those used to control for 
confounding

6-8

(b) Describe any methods used to examine subgroups and interactions 6-8

(c) Explain how missing data were addressed 6-8

(d) If applicable, explain how loss to follow-up was addressed 6-8

Statistical methods 12

(e) Describe any sensitivity analyses 6-8

Results
(a) Report numbers of individuals at each stage of study—eg numbers potentially 
eligible, examined for eligibility, confirmed eligible, included in the study, 
completing follow-up, and analysed

8-11

(b) Give reasons for non-participation at each stage 8-11

Participants 13*

(c) Consider use of a flow diagram 8-11

(a) Give characteristics of study participants (eg demographic, clinical, social) 
and information on exposures and potential confounders

8-11

(b) Indicate number of participants with missing data for each variable of interest 8-11

Descriptive data 14*

(c) Summarise follow-up time (eg, average and total amount) 8-11

Outcome data 15* Report numbers of outcome events or summary measures over time 8-11
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(a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their 
precision (eg, 95% confidence interval). Make clear which confounders were adjusted for 
and why they were included

8-11

(b) Report category boundaries when continuous variables were categorized 8-11

Main results 16

(c) If relevant, consider translating estimates of relative risk into absolute risk for a 
meaningful time period

8-11

Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, and sensitivity 
analyses

8-11

Discussion
Key results 18 Summarise key results with reference to study objectives 11-

14
Limitations 19 Discuss limitations of the study, taking into account sources of potential bias or imprecision. 

Discuss both direction and magnitude of any potential bias

11-
14

Interpretation 20 Give a cautious overall interpretation of results considering objectives, limitations, 
multiplicity of analyses, results from similar studies, and other relevant evidence

11-
14

Generalisability 21 Discuss the generalisability (external validity) of the study results

Other information
Funding 22 Give the source of funding and the role of the funders for the present study and, if 

applicable, for the original study on which the present article is based

16

*Give information separately for exposed and unexposed groups.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and 
published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely 
available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at 
http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is 
available at http://www.strobe-statement.org.
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