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METHODS 

 

Assessment of exacerbation 

In order to collect exacerbation information, reply-paid postcards were sent to all 

participants every month, and replies were received from almost all participants (reply 

rate >99%). The questionnaire items in the postcard were as follows: 1) Did you have 

increased dyspnea, increased cough, change in sputum purulence, increased sputum 

volume, wheezing, fever, and/or any other symptoms?; 2) Did you see a doctor for 

worsening your symptoms?; 3) Were any other drugs prescribed for you due to those 

symptoms?; 4) Were you hospitalized due to those symptoms? If exacerbation was 

suspected, information was always re-confirmed by telephone interview and/or by the 

medical charts of subjects when they visited a clinic. In addition, the subjects’ medical 

records were periodically checked, and attending physicians were asked about the 

subjects’ conditions when necessary. 

Exacerbation of COPD was defined in several of the following ways: 1) patient’s 

subjective complaint by reply-paid postcard (any clinical symptoms that did not meet 

symptom definition criteria); 2) worsening or new onset of either two major symptoms 

(increased dyspnea, change in sputum purulence, increased sputum volume) or any 

one major symptom plus any minor symptoms (fever, increased cough, wheezing) 

compared with baseline (symptom definition); 3) symptom criteria plus requiring 

prescription change (prescription definition); 4) symptom criteria plus antibiotic 

treatment (antibiotic definition); and 5) symptom criteria plus hospital admission 

(admission definition). Radiologically proven pneumonia was not excluded from 

exacerbation events because many of the patients with severe exacerbation are 

examined by CT scan in Japan and bronchopneumonia is often detected even if chest 

X-ray is almost normal. 

 

Statistical analysis 

Differences among the groups were analyzed using the Student’s t-test, the 

Mann-Whitney U test, or the chi-squared test, where appropriate. Bivariate 

correlations were analyzed using Spearman's rank correlation coefficient. Factors 

associated with exacerbation-free survival were analyzed using a Cox proportional 

hazards model and the Kaplan-Meier method with the log-rank test. Factors associated 



with exacerbation frequency were analyzed using a Poisson regression model. Factors 

associated with recurrent exacerbation were analyzed using the Prentice, Williams and 

Peterson (PWP) total time model that is based on the Cox proportional hazards model 

for recurrent event data [1]. Here, the total time refers to the time interval from time 

origin 0 to the occurrence of each event. Variables analyzed in the Cox proportional 

hazards model, the Poisson regression model, and the PWP total time model included 

sex, age, body mass index (BMI), current smoking status, smoking index (pack-years), 

chronic bronchitis symptoms, respiratory medication, post-bronchodilator FEV1 (% 

predicted), bronchodilator reversibility of FEV1 (%), Medical Research Council (MRC) 

dyspnea score, CT emphysema score, SGRQ total score, blood neutrophil count, blood 

eosinophil count, hemoglobin (Hb), serum CRP, and serum IgE. Significant variables in 

univariate models were included simultaneously in a multivariate model. A 

mixed-effects model was used for subjects who had at least three spirometric 

measurements to accommodate loss-to-follow-up subjects, and the annual changes in 

post-bronchodilator FEV1 (ml per year) was estimated using the random coefficient 

regression model [2]. We excluded participants with missing exacerbation data and 

performed a complete-case analysis. All analyses were performed using R version 

2.14.0 (The R foundation, http://www.r-project.org/). Statistical significance was 

defined as p<0.05. 
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Table S1. Avarege interval of regular visit. 

 

Subjects Number of subjects 
Regular visit interval 

(Month, Mean ± SD) 

Total 268 

69 

121 

65 

13 

2.2 ± 1.9 

3.3 ± 2.5 

2.0 ± 1.7 

1.4 ± 0.8 

1.3 ± 0.6 

GOLD 1 

GOLD 2 

GOLD 3 

GOLD 4 



Online supplement Table S2. Characteristics of subjects classified by the presence of exacerbation. 

 Symptom definition Prescription definition Antibiotics definition Admission definition 

 

Event (-) 

(N = 152) 

Event (+) 

(N = 116) 

Event (-) 

(N = 168) 

Event (+) 

(N = 100) 

Event (-) 

(N = 191) 

Event (+) 

(N = 77) 

Event (-) 

(N = 228) 

Event (+) 

(N = 40) 

Age, yr 68 ± 8 71 ±7 69 ± 8 71 ± 7 69 ± 8 71 ± 7* 69 ± 8 72 ± 7* 

Female sex, N (%) 9 (6) 6 (5) 10 (6) 5 (5) 11 (6) 4 (5) 15 (7) 0 (0)* 

Body mass index, kg/m2 22 ± 3 23 ± 3 23 ± 3 22 ± 3* 23 ± 3 21 ± 3* 23 ± 3 21 ± 3* 

Current smoker at entry, N (%) 47 (31) 27 (23) 50 (30) 24 (24) 56 (29) 18 (23) 64 (28) 10 (25) 

Smoking index at entry, 

pack-years 61 ± 28 64 ± 33 63 ± 31 62 ± 28 63 ± 31 60 ± 25 62 ± 31 63 ± 20 

Post-bronchodilator         

  FEV1, L 1.89 ± 0.67 1.57 ± 0.64* 1.88 ± 0.66 

1.54 ± 

0.64* 1.85 ± 0.66 

1.51 ± 

0.65* 1.82 ± 0.67 

1.37 ± 

0.55* 

  FEV1, % predicted 69 ± 21 59 ± 21* 69 ± 21 58 ± 22* 68 ± 21 57 ± 22* 67 ± 22 51 ± 17* 

  FVC, % predicted 103 ± 19 98 ± 19* 103 ± 19 98 ± 18* 102 ± 18 97 ± 19* 102 ± 19 95 ± 18 

  FEV1/FVC 0.54 ± 0.12 0.48 ± 0.13* 0.54 ± 0.12 

0.47 ± 

0.13* 0.53 ± 0.12 

0.47 ± 

0.14* 0.53 ± 0.12 

0.43 ± 

0.12* 

Reversibility of FEV1, % 10 ± 9 13 ± 11* 11 ± 9 13 ± 12* 11 ± 10 13 ± 11 11 ± 10 13 ± 9 

Reversibility of FEV1, ml 140 ± 97 155 ± 115 142 ± 99 154 ± 116 147 ± 104 145 ± 109 148 ± 107 136 ± 95 

Chronic bronchitis, N (%) 12 (8) 17 (15) 12 (7) 17 (17)* 14 (7) 15 (19)* 20 (9) 9 (23)* 

MRC dyspnea score ≥2, N (%) 115 (76) 109 (94)* 130 (77) 94 (94)* 150 (79) 74 (96)* 185 (81) 39 (98)* 

SGRQ total score 27 ± 17 38 ± 16* 27 ± 17 40 ± 16* 28 ± 17 41 ± 16* 30 ± 17 45 ± 16* 

Blood neutrophil count, cells/mm3 3538 ± 1047 3493 ± 1199 3556 ± 1077 

3457 ± 

1175 

3563 ± 

1111 

3408 ± 

1116 

3503 ± 

1084 

3609 ± 

1278 

Blood eosinophil count, cells/mm3 197 ± 137 200 ± 130 198 ± 134 198 ± 135 194 ± 132 208 ± 138 196 ± 134 208 ± 131 

Blood Hb, g/dl 14 ± 1 14 ± 1 14 ± 1 14 ± 1 14 ± 1 14 ± 2 14 ± 1 14 ± 2 

Serum IgE, IU/ml 245 ± 609 170 ± 510 233 ± 584 180 ± 544 220 ± 551 196 ± 613 206 ± 512 249 ± 829 



Any cardiovascular disease, N (%) 34 (22) 26 (22) 38 (23) 22 (22) 44 (23) 16 (21) 51 (22) 9 (23) 

Ischemic heart disease, N (%) 13 (9) 6 (5) 15 (9) 4 (4) 16 (8) 3 (4) 18 (8) 1 (3) 

Diabetes, N (%) 8 (5) 4 (3) 8 (5) 4 (4) 8 (4) 4 (5) 10 (4) 2 (5) 

Data are shown as means ± SD or number (%). * p<0.05 vs. Event (-). 



Online supplement Table S3. Factors related to exacerbation-free survival 

(prescription definition) 

 

 Univariate model Multivariate model 

Variables 
Hazard ratio 

(95% CI) 
p value 

Hazard ratio 

(95% CI) 
p value 

Sex (Male) 
1.15 

(0.47-2.83) 
0.76 - - 

Age (10 years older) 
1.26 

(0.97-1.64) 
0.08 - - 

BMI (1 kg/m2 increase) 
0.92 

(0.87-0.98) 
0.01 

0.93 

(0.87-0.99) 
0.03 

Current smoking (yes) 
0.78 

(0.49-1.24) 
0.29 - - 

Pack-years (10 pack-years increase) 
0.98 

(0.92-1.05) 
0.61 - - 

Chronic bronchitis symptom (yes) 
2.04 

(1.21-3.44) 
0.008 

1.42 

(0.82-2.45) 
0.21 

Respiratory medication (yes) 
2.33 

(1.34-4.04) 
0.003 

0.96 

(0.48-1.91) 
0.90 

MRC dyspnea grade (1 grade increase) 
1.49 

(1.21-1.85) 
<0.001 

1.03 

(0.78-1.37) 
0.83 

SGRQ total score (1 point increase) 
1.15 

(1.10-1.20) 
<0.001 

1.12 

(1.06-1.19) 
<0.001 

FEV1 %predicted (10% increase) 
0.81 

(0.74-0.90) 
<0.001 

0.94 

(0.84-1.06) 
0.33 

Bronchodilator reversibility (1% 

increase) 

1.02 

(1.00-1.04) 
0.04 

1.00 

(0.98-1.02) 
0.78 

CT emphysema score (1 point increase) 1.17 

(0.95-1.45) 

0.94 

(0.78-1.13) 

0.14 

0.51 

- 

- 

- 

- Neutrophils (1000 cells/mm3 increase) 



Eosinophils (100 cells/mm3 increase) 
1.00 

(0.86-1.16) 
1.00 - - 

Hb (1 g/dl increase) 
0.87 

(0.75-1.00) 
0.05 - - 

CRP (1 mg/dl increase) 
1.15 

(0.87-1.51) 
0.34 - - 

IgE (10 IU/ml increase) 
1.00 

(0.99-1.00) 
0.41 - - 

(Cox proportional hazards model) 



Online supplement Table S4. Factors related to exacerbation-free survival (admission 

definition) 

 

 Univariate model Multivariate model 

Variables 
Hazard ratio 

(95% CI) 
p value 

Hazard ratio 

(95% CI) 
p value 

Sex (Male) uncomputable* - - - 

Age (10 years older) 
1.77 

(1.12-2.77) 
0.01 

1.60 

(0.98-2.64) 
0.06 

BMI (1 kg/m2 increase) 
0.82 

(0.74-0.91) 
<0.001 

0.86 

(0.76-0.96) 
0.006 

Current smoking (yes) 
0.86 

(0.42-1.76) 
0.68 - - 

Pack-years (10 pack-years increase) 
1.01 

(0.91-1.11) 
0.92 - - 

Chronic bronchitis symptom (yes) 
2.64 

(1.26-5.55) 
0.01 

1.53 

(0.70-3.34) 
0.28 

Respiratory medication (yes) 
4.96 

(1.53-16.1) 
0.008 

1.00 

(0.24-4.11) 
1.00 

MRC dyspnea grade (1 grade increase) 
1.71 

(1.19-2.47) 
0.004 

0.83 

(0.49-1.40) 
0.48 

SGRQ total score (1 point increase) 
1.21 

(1.13-1.30) 
<0.001 

1.19 

(1.08-1.30) 
<0.001 

FEV1 %predicted (10% increase) 
0.69 

(0.59-0.81) 
<0.001 

0.84 

(0.68-1.03) 
0.10 

Bronchodilator reversibility (1% 

increase) 

1.01 

(0.98-1.04) 
0.53 - - 

CT emphysema score (1 point increase) 1.51 

(1.09-2.09) 

1.08 

(0.82-1.42) 

0.01 

0.59 

1.02 

(0.71-1.48) 

- 

0.91 

- Neutrophils (1000 cells/mm3 increase) 

Eosinophils (100 cells/mm3 increase) 1.05 0.65 - - 



(0.84-1.31) 

Hb (1 g/dl increase) 
1.00 

(0.79-1.26) 
0.97 - - 

CRP (1 mg/dl increase) 
1.43 

(1.06-1.93) 
0.02 

1.35 

(0.96-1.89) 
0.08 

IgE (10 IU/ml increase) 
1.00 

(1.00-1.01) 
0.69 - - 

(Cox proportional hazards model) 

*Because subjects who experienced hospital admission were all male. 



Online supplement Table S5. Factors related to exacerbation frequency (prescription 

definition) 

 

 Univariate model Multivariate model 

Variables 
Risk ratio 

(95% CI) 
p value 

Risk ratio 

(95% CI) 
p value 

Sex (Male) 
1.32 

(0.72-2.78) 
0.42 - - 

Age (10 years older) 
1.19 

(0.99-1.45) 
0.07 - - 

BMI (1 kg/m2 increase) 
0.91 

(0.87-0.95) 
<0.001 

0.95 

(0.90-0.99) 
0.03 

Current smoking (yes) 
0.66 

(0.46-0.93) 
0.02 

0.87 

(0.59-1.26) 
0.47 

Pack-years (10 pack-years increase) 
0.99 

(0.94-1.03) 
0.55 - - 

Chronic bronchitis symptom (yes) 
1.43 

(0.95-2.07) 
0.07 - - 

Respiratory medication (yes) 
2.57 

(1.71-4.05) 
<0.001 

0.94 

(0.55-1.62) 
0.81 

MRC dyspnea grade (1 grade increase) 
1.57 

(1.33-1.86) 
<0.001 

1.07 

(0.86-1.33) 
0.57 

SGRQ total score (1 point increase) 
1.13 

(1.10-1.17) 
<0.001 

1.09 

(1.05-1.14) 
<0.001 

FEV1 %predicted (10% increase) 
0.79 

(0.74-0.85) 
<0.001 

0.89 

(0.81-0.97) 
0.008 

Bronchodilator reversibility (1% 

increase) 

1.02 

(1.01-1.03) 
0.003 

1.00 

(0.99-1.02) 
0.68 

CT emphysema score (1 point increase) 1.28 

(1.10-1.48) 

0.90 

(0.79-1.03) 

0.001 

0.14 

1.00 

(0.83-1.19) 

- 

0.97 

- Neutrophils (1000 cells/mm3 increase) 



Eosinophils (100 cells/mm3 increase) 
1.04 

(0.94-1.15) 
0.47 - - 

Hb (1 g/dl increase) 
0.83 

(0.75-0.91) 
<0.001 

0.84 

(0.76-0.93) 
0.001 

CRP (1 mg/dl increase) 
1.14 

(0.90-1.36) 
0.33 - - 

IgE (10 IU/ml increase) 
1.00 

(1.00-1.00) 
0.68 - - 

(Poisson regression model) 



Online supplement Table S6. Factors related to exacerbation frequency (admission 

definition) 

 

 Univariate model Multivariate model 

Variables 
Risk ratio 

(95% CI) 
p value 

Risk ratio 

(95% CI) 
p value 

Sex (Male) uncomputable* - - - 

Age (10 years older) 
1.88 

(1.28-2.81) 
0.002 

1.47 

(0.98-2.29) 
0.07 

BMI (1 kg/m2 increase) 
0.81 

(0.74-0.88) 
<0.001 

0.87 

(0.79-0.95) 
0.004 

Current smoking (yes) 
0.59 

(0.28-1.13) 
0.14 - - 

Pack-years (10 pack-years increase) 
0.99 

(0.91-1.08) 
0.89 - - 

Chronic bronchitis symptom (yes) 
1.97 

(0.97-3.68) 
0.04 

1.01 

(0.47-2.02) 
0.98 

Respiratory medication (yes) 
6.34 

(2.33-26.0) 
0.002 

1.83 

(0.55-8.41) 
0.37 

MRC dyspnea grade (1 grade increase) 
1.84 

(1.34-2.57) 
<0.001 

0.98 

(0.62-1.57) 
0.92 

SGRQ total score (1 point increase) 
1.18 

(1.12-1.25) 
<0.001 

1.11 

(1.03-1.20) 
0.008 

FEV1 %predicted (10% increase) 
0.71 

(0.61-0.81) 
<0.001 

0.93 

(0.78-1.10) 
0.44 

Bronchodilator reversibility (1% 

increase) 

1.01 

(0.99-1.04) 
0.29 - - 

CT emphysema score (1 point increase) 
1.85 

(1.41-2.45) 

1.04 

(0.82-1.30) 

<0.001 
1.28 

(0.93-1.78) 
0.13 

Neutrophils (1000 cells/mm3 increase) 0.73 - - 

Eosinophils (100 cells/mm3 increase) 1.03 0.79 - - 



(0.84-1.23) 

Hb (1 g/dl increase) 
0.88 

(0.73-1.06) 
0.17 - - 

CRP (1 mg/dl increase) 
1.46 

(1.11-1.78) 
0.001 

1.23 

(0.92-1.54) 
0.11 

IgE (10 IU/ml increase) 
1.00 

(0.99-1.00) 
0.88 - - 

(Poisson regression model) 

*Because subjects who experienced hospital admission were all male. 



Online supplement Table S7. Factors related to recurrent exacerbation (prescription 

definition) 

 

 Univariate model Multivariate model 

Variables 
Hazard ratio 

(95% CI) 
p value 

Hazard ratio 

(95% CI) 
p value 

Sex (Male) 
1.27 

(0.68-2.34) 
0.45 - - 

Age (10 years older) 
1.18 

(0.96-1.45) 
0.12 - - 

BMI (1 kg/m2 increase) 
0.94 

(0.89-0.98) 
0.01 

0.96 

(0.91-1.01) 
0.10 

Current smoking (yes) 
0.77 

(0.54-1.09) 
0.14 - - 

Pack-years (10 pack-years increase) 
0.99 

(0.94-1.03) 
0.55 - - 

Chronic bronchitis symptom (yes) 
1.21 

(0.88-1.66) 
0.24 - - 

Respiratory medication (yes) 
2.06 

(1.25-3.38) 
0.004 

0.99 

(0.51-1.94) 
0.99 

MRC dyspnea grade (1 grade increase) 
1.43 

(1.17-1.75) 
<0.001 

1.09 

(0.84-1.43) 
0.51 

SGRQ total score (1 point increase) 
1.10 

(1.06-1.13) 
<0.001 

1.07 

(1.03-1.11) 
<0.001 

FEV1 %predicted (10% increase) 
0.85 

(0.79-0.92) 
<0.001 

0.94 

(0.86-1.02) 
0.13 

Bronchodilator reversibility (1% 

increase) 

1.01 

(1.00-1.02) 
0.03 

1.00 

(0.99-1.02) 
0.48 

CT emphysema score (1 point increase) 1.17 

(1.00-1.38) 

0.93 

(0.82-1.05) 

0.05 

0.26 

- 

- 

- 

- Neutrophils (1000 cells/mm3 increase) 



Eosinophils (100 cells/mm3 increase) 
1.01 

(0.91-1.12) 
0.90 - - 

Hb (1 g/dl increase) 
0.87 

(0.79-0.95) 
0.003 

0.87 

(0.78-0.97) 
0.02 

CRP (1 mg/dl increase) 
1.07 

(0.94-1.22) 
0.29 - - 

IgE (10 IU/ml increase) 
1.00 

(1.00-1.00) 
0.87 - - 

(PWP total time model) 



Online supplement Table S8. Factors related to recurrent exacerbation (admission 

definition) 

 

 Univariate model Multivariate model 

Variables 
Hazard ratio 

(95% CI) 
p value 

Hazard ratio 

(95% CI) 
p value 

Sex (Male) uncomputable* - - - 

Age (10 years older) 
1.85 

(1.28-2.67) 
0.001 

1.57 

(1.00-2.46) 
0.049 

BMI (1 kg/m2 increase) 
0.85 

(0.77-0.93) 
<0.001 

0.88 

(0.80-0.98) 
0.02 

Current smoking (yes) 
0.69 

(0.37-1.27) 
0.24 - - 

Pack-years (10 pack-years increase) 
1.00 

(0.94-1.07) 
0.96 - - 

Chronic bronchitis symptom (yes) 
1.82 

(0.96-3.46) 
0.07 - - 

Respiratory medication (yes) 
5.12 

(1.67-15.7) 
0.004 

1.61 

(0.39-6.56) 
0.51 

MRC dyspnea grade (1 grade increase) 
1.77 

(1.33-2.37) 
<0.001 

0.93 

(0.62-1.38) 
0.71 

SGRQ total score (1 point increase) 
1.18 

(1.10-1.26) 
<0.001 

1.14 

(1.04-1.24) 
0.005 

FEV1 %predicted (10% increase) 
0.73 

(0.63-0.84) 
<0.001 

0.92 

(0.77-1.10) 
0.35 

Bronchodilator reversibility (1% 

increase) 

1.01 

(0.99-1.03) 
0.25 - - 

CT emphysema score (1 point increase) 1.61 

(1.22-2.13) 

1.04 

(0.85-1.26) 

<0.001 

0.73 

1.21 

(0.84-1.76) 

- 

0.31 

- Neutrophils (1000 cells/mm3 increase) 

Eosinophils (100 cells/mm3 increase) 1.04 0.68 - - 



(0.87-1.23) 

Hb (1 g/dl increase) 
0.92 

(0.73-1.16) 
0.49 - - 

CRP (1 mg/dl increase) 
1.45 

(1.17-1.79) 
<0.001 - - 

IgE (10 IU/ml increase) 
1.00 

(1.00-1.00) 
0.98 - - 

(PWP total time model) 

*Because subjects who experienced hospital admission were all male. 



Online supplement Table S9. SGRQ domains related to COPD exacerbation 

 

A. SGRQ domains related to exacerbation free survival 

Multivariate model Prescription definition Admission definition 

Variables 
Hazard ratio 

(95% CI) 
p value 

Hazard ratio 

(95% CI) 
p value 

Symptoms score (4 points 

increase) 

0.99 

(0.95-1.04) 
0.64 

1.01 

(0.94-1.09) 
0.79 

Activity score (4 points increase) 
1.08 

(1.02-1.13) 
0.004 

1.12 

(1.03-1.22) 
0.008 

Impact score (4 points increase) 
1.07 

(1.01-1.14) 
0.03 

1.07 

(0.97-1.18) 
0.18 

(Cox proportional hazards model) 

B. SGRQ domains related to exacerbation frequency 

Multivariate model Prescription definition Admission definition 

Variables 
Risk ratio 

(95% CI) 
p value 

Risk ratio 

(95% CI) 
p value 

Symptoms score (4 points 

increase) 

0.98 

(0.95-1.02) 
0.31 

0.98 

(0.92-1.04) 
0.48 

Activity score (4 points increase) 
1.10 

(1.06-1.14) 
<0.001 

1.14 

(1.06-1.23) 
<0.001 

Impact score (4 points increase) 
1.04 

(0.99-1.09) 
0.11 

1.06 

(0.97-1.15) 
0.22 

(Poisson regression model) 

C. SGRQ domains related to recurrent exacerbation 

Multivariate model Prescription definition Admission definition 

Variables 
Hazard ratio 

(95% CI) 
p value 

Hazard ratio 

(95% CI) 
p value 

Symptoms score (4 points 

increase) 

1.00 

(0.96-1.03) 
0.81 

0.98 

(0.92-1.05) 
0.58 

Activity score (4 points increase) 
1.07 

(1.03-1.11) 
<0.001 

1.11 

(1.01-1.22) 
0.03 



Impact score (4 points increase) 
1.03 

(0.98-1.08) 
0.25 

1.08 

(0.98-1.18) 
0.10 

(PWP total time model) 



FIGURE LEGENDS 

 

Online supplement Figure S1. Bar plots of annual changes in FEV1 grouped by with or 

without exacerbations 

Exacerbation was defined by the symptom definition, the prescription definition, the 

antibiotic definition, and the admission definition. Subjects were devided into two 

groups: subjects who did not experience exacerbations during the follow-up period 

(Exacerbation (-)) and subjects who experienced exacerbations during the follow-up 

period (Exacerbation (+)). Graphs analyzing all subjects, subjects with GOLD 1-2 airflow 

limitation, and subjects with GOLD 3-4 airflow limitation, respectively, are shown. 

 

Online supplement Figure S2. Bar plots of annual changes in FEV1 grouped by 

frequency of exacerbations 

Exacerbation was defined by the symptom definition, the prescription definition, the 

antibiotic definition, and the admission definition. Subjects were divided into two 

groups: subjects who did not experience more than one exacerbation per year 

(Exacerbation event ≤1/y) and subjects who experienced more than one exacerbation 

per year (Exacerbation event >1/y). 


