
© 2016 Sato et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php  
and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work you 

hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For permission 
for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

International Journal of COPD 2016:11 1269–1278

International Journal of COPD Dovepress

submit your manuscript | www.dovepress.com

Dovepress 
1269

O r I g I n a l  r e s e a r C h

open access to scientific and medical research

Open access Full Text article

http://dx.doi.org/10.2147/COPD.S105454

Impact of mild exacerbation on COPD symptoms 
in a Japanese cohort

Minako sato1

shotaro Chubachi1

Mamoru sasaki1

Mizuha haraguchi1

naofumi Kameyama1

akihiro Tsutsumi1

saeko Takahashi1

hidetoshi nakamura1,2

Koichiro asano3

Tomoko Betsuyaku1

1Division of Pulmonary Medicine, 
Department of Medicine, Keio 
University school of Medicine, 
Tokyo, 2Department of respiratory 
Medicine, saitama Medical University, 
saitama, 3Division of Pulmonary 
Medicine, Department of Medicine, 
Tokai University school of Medicine, 
Kanagawa, Japan

Background: Patients with COPD might not report mild exacerbation. The frequency, risk 

factors, and impact of mild exacerbation on COPD status are unknown.

Objectives: The present study was performed to compare features between mild exacerbation 

and moderate or severe exacerbation in Japanese patients with COPD.

Patients and methods: An observational COPD cohort was designed at Keio University and 

affiliated hospitals to prospectively investigate the management of COPD comorbidities. This 

study analyzes data only from patients with COPD who had completed annual examinations 

and questionnaires over a period of 2 years (n=311).

Results: Among 59 patients with mild exacerbations during the first year, 32.2% also experi-

enced only mild exacerbations in the second year. Among 60 patients with moderate or severe 

exacerbations during the first year, 40% also had the same severity of exacerbation during 

the second year. Findings of the COPD assessment test and the symptom component of the 

St George’s Respiratory Questionnaire at steady state were worse in patients with mild exacer-

bations than in those who were exacerbation free during the 2-year study period, although the 

severity of the ratio of predicted forced expiratory volume in 1 second did not differ between 

them. Severe airflow limitation (the ratio of predicted forced expiratory volume in 1 second 

,50%) and experience of mild exacerbations independently advanced the likelihood of an 

elevated COPD assessment test score to $2 per year.

Conclusion: The severity of COPD exacerbation seemed to be temporally stable over 2 years, 

and even mild exacerbations adversely impacted the health-related quality of life of patients 

with COPD.
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Introduction
COPD is characterized by progressive and partially reversible airflow limitation, and 

it is among the leading causes of death worldwide.1 The disease is complicated by 

exacerbation, which is associated with a poor prognosis,2,3 and places a considerable 

economic burden on health services and society.4,5 It has also been recognized that 

some patients with COPD are particularly prone to exacerbations, and these patients 

have been termed “frequent exacerbators”.6,7 Exacerbations are categorized into 

mild, moderate, and severe ones in terms of either clinical presentation (number of 

symptoms) or utilization of health care resources.8–10 Most of the published studies 

have surveyed moderate-to-severe exacerbation that required a change in regular 

medication or hospital admission.2,3,11 However, one observational study found that 

about half of all exacerbations remain unreported, yet the recovery periods are similar 

to those of moderate or severe exacerbations.12 Other studies have also shown that 

unreported exacerbations might negatively affect the health-related quality of life 
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(QOL) of patients13,14 and underline the importance of early 

detection of exacerbations and appropriate therapy.

The reported frequency of moderate or severe exacerbation 

is low among Japanese patients with COPD,15–17 and lower 

than that in other countries.7 However, the frequency, risk 

factors, and impact of mild exacerbation on COPD status 

in a Japanese population of patients with COPD have not 

yet been clarified. We have been conducting a multicenter, 

observational cohort study to longitudinally examine the 

comorbidities of COPD in Japan, called the Keio COPD 

Comorbidity Research (K-CCR). We recently reported the 

findings of cross-sectional studies at enrollment showing 

associations between comorbidities and various aspects of 

COPD.18–20 Here, we aimed to compare the impact on the 

health-related QOL and pulmonary function between mild 

exacerbation and moderate or severe exacerbation in Japanese 

patients with COPD. The reported longitudinal changes in St 

George’s Respiratory Questionnaire (SGRQ) categories and 

their determinants are markedly different between its catego-

ries.21 Therefore, we hypothesized that such differences would 

be more markedly seen when patients were classified based on 

the severity of exacerbation. We retrospectively reviewed the 

medical records of patients with COPD to detect the severity 

of all exacerbation events and applied a robust definition of 

exacerbation based on symptomatic and treatment criteria.

Patients and methods
study populations
An observational cohort study has been established at Keio 

University and affiliated hospitals to prospectively determine 

the optimal management of COPD comorbidities and register 

the findings with the University Hospital Medical Informa-

tion Network (UMIN000003470). We enrolled 572 patients 

between April 2010 and December 2012, including those who 

had been diagnosed with COPD by pulmonary physicians and 

those referred for the assessment of possible COPD based 

on symptoms and/or presence of emphysematous changes 

on computed tomography (CT) images as described.18,19 

We analyzed only data from patients who had COPD con-

firmed by spirometry, had completed annual examinations 

and questionnaires, and had visited outpatient clinics at the 

participating hospitals monthly or bimonthly for regular 

clinical checkups for 2 years (n=311). The ethics committees 

of Keio University and affiliated hospitals approved the study 

protocol, and each patient provided written informed consent 

to analyze and present their data. The study conforms in all 

respects to the Declaration of Helsinki adopted by the 59th 

WMA General Assembly, Seoul, Korea, October 2008.

assessment of exacerbation
Doctors assessed whether COPD symptoms had worsened 

since the last assessment and required treatment during 

scheduled appointments or emergency presentation. 

Symptoms constituting an exacerbation were identified 

based on strict criteria adapted from the original definition 

of previous reports.10,22 Independent investigators in the 

present study retrospectively judged number and severity of 

exacerbations from reviews of physicians’ medical records. 

Mild COPD exacerbation was defined as worsening of 

symptoms that were self-managed (by measures such as an 

increase in salbutamol use) and resolved without systemic 

corticosteroids or antibiotics. Moderate COPD exacerbation 

was defined as a requirement for treatment with systemic 

corticosteroids or antibiotics or both. Severe COPD exacerba-

tion was defined as hospitalization, including an emergency 

admission for .24 hours.

assessment of clinical parameters and  
comorbidities
All patients were clinically stable and without exacerbations 

for at least 1 month before study enrollment and the day of 

annual examinations. All questionnaires of health status, 

including all categories of SGRQ23–25 and the COPD assess-

ment test (CAT),26,27 were completed at home while the dis-

ease was stable at baseline and then annually thereafter. All 

patients were also assessed by spirometry and CT imaging. 

The extent of emphysema was quantified as the ratio of 

low attenuation area (LAA%)28 and the ratio of airway wall 

area (WA%)29 on CT images using custom-made software 

(AZE Ltd., Tokyo, Japan).19 Images of a Multipurpose Chest 

Phantom N1 (Kyoto Kagaku, Kyoto, Japan) were acquired 

at the start of the study to calibrate CT instrument from 

various manufacturers, which also enabled the assessment of 

longitudinal changes in LAA%.19 Comorbid diagnoses were 

established using clinical history and examination findings 

based on a review of available medical records as reported 

previously.18,19 Ophthalmological examinations were per-

formed to estimate the prevalence of cataract.

statistical analysis
Data are presented as mean ± SD or as median ± interquartile 

range. Data were compared between two groups using t-test, 

Mann–Whitney U-test, and χ2 test and among three groups 

using analysis of variance and the Tukey–Kramer, Kruskal–

Wallis, and χ2 tests. The effects of factors on minimal clinical 

important changes in CAT (∆CAT $2 per year) were 

assessed using univariate and multivariate logistic regression 
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analyses.30 Differences in levels of CAT, SGRQ, forced 

expiratory volume in 1 second (FEV
1
), LAA%, and in rates 

of change over time among three groups classified according 

to the severity of exacerbation were estimated using mixed-

effects modeling31 with Bonferroni correction. Two-sided 

P-values of ,0.05 were considered significant for all tests. 

Data were analyzed using the JMP 10 software (SAS Institute 

Inc., Cary, NC, USA). The mixed-effect model was applied 

using SPSS 23 (IBM Corporation, Armonk, NY, USA).

Results
Frequency of various severities of  
exacerbations
Table 1 shows the baseline characteristics of the study 

participants. The proportions of patients without exacer-

bation, with only mild exacerbations, and with moderate 

or severe exacerbations during the first and second years 

of follow-up were similar (61.7%, 19.0%, and 19.3% vs 

68.2%, 14.5%, and 17.4%, respectively, P=0.2029). The 

frequency of moderate or severe exacerbation during 

follow-up (events per person per year) was 0.28. Only 

seven patients, comprising three patients in GOLD stage 

II, three patients in GOLD stage III, and one patient in 

GOLD stage IV, had more than two moderate or severe 

exacerbations per year.

Temporal stability of exacerbation 
severity during follow-up
Among 59 patients with mild exacerbations during the 

first year of follow-up, 19 (32.2%) patients also experienced 

only mild exacerbations during the second year, and among 

60 patients with moderate or severe exacerbations during 

the same period, 24 (40.0%) patients also experienced 

the same severity of exacerbations during the second 

year (Figure 1).

Comparison of baseline characteristics 
of patients grouped according to the 
severity of exacerbations
We compared the characteristics among three groups of 

patients to determine the impact of exacerbation severity 

on COPD status during 2 years of follow-up. Patients were 

grouped according to whether they were exacerbation free 

(n=154), had only mild exacerbation (mild exacerbator, 

n=67), or had at least one moderate or severe exacerbation 

(moderate/severe exacerbator; n=90). Table 2 shows the 

baseline characteristics of these groups. The ratio of predicted 

forced expiratory volume in 1 second (%FEV
1
) was signifi-

cantly lower, and the LAA% was higher in the moderate/

severe exacerbator compared with the mild exacerbator and 

exacerbation-free groups at baseline (%FEV
1
: 53.3 vs 65.4 

and 67.4, P=0.0006 and P,0.0001, respectively; LAA%: 20.3 

vs 9.0 and 10.6, P=0.0013 and P=0.0004, respectively).

Comparison of comorbidities according 
to the severity of exacerbations
Table 3 shows that the frequency of some comorbidities 

differed among the exacerbation-free, mild exacerbator, 

and moderate/severe exacerbator groups. The prevalence 

of gastroesophageal reflux disease (GERD) was higher 

in the mild exacerbator group than in the exacerbation-

free group (46.2% vs 30.4%, P=0.0281). In contrast, the 

prevalence of anemia, cataracts, and prostatic hypertrophy 

was higher in the moderate/severe exacerbator group than 

in the exacerbation-free group (anemia: 29.7% vs 17.5%, 

P=0.0286; cataract: 63.6% vs 40.4%, P=0.0044; prostatic 

hypertrophy: 20.7% vs 8.7%, P=0.0100). The frequency of 

cardiovascular disease and depression did not significantly 

differ among the three groups.

relationship of exacerbations with FeV1 
and laa% during 2 years of follow-up
The FEV

1
 was significantly lower in the moderate/severe 

exacerbator group than in the mild exacerbator and 

exacerbation-free groups during follow-up (P=0.001 and 

P,0.001, respectively) but did not differ between the 

mild exacerbator and exacerbation-free groups (P=1.000; 

Figure 2). The rate of change in FEV
1
 did not differ among 

the three groups during follow-up (P=0.5446).

We analyzed only data from patients who underwent 

annual CT assessment more than twice and provided 

Table 1 Characteristics of study population

n 311
Female sex (%) 21 (6.8)
age (years) 72.6±8.1
smoking index (pack-years) 56.4±29.5
Current smokers (%) 38 (12.5)
BMI (kg/m2) 22.7±3.1
FeV1/FVC (%) 52.7±11.9
%FeV1 62.9±20.7
COPD stagesa I/II/III/IV, n (%) 69/152/72/18 (22.2/48.9/23.2/5.8)
sgrQ total score 23.8 (13.7–38.4)
CaT score 11 (6–17)

Notes: Data are shown as n (%), mean ± sD, and median (interquartile range). 
aDefined by Global Initiative for Chronic Obstructive Lung Disease.
Abbreviations: BMI, body mass index; CaT, COPD assessment test; FeV1, forced 
expiratory volume in 1 second; FVC, forced expiratory volume; %FeV1, ratio of 
predicted FeV1; sgrQ, st george’s respiratory Questionnaire.
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comparable quantitative LAA% data to determine annual 

changes in LAA% (n=179). The values for LAA% and 

rates of change in LAA% did not significantly differ among 

the three groups during 2 years of follow-up (P=0.0887 and 

P=0.3013, respectively; Figure 3).

relationships between exacerbations and 
CaT and sgrQ scores during follow-up
Not only did the moderate/severe exacerbator group signifi-

cantly differ in total CAT scores during 2 years of follow-up 

compared with the exacerbation-free group (P,0.001), but 

the mild exacerbator group also exhibited significant differ-

ence compared with the exacerbation-free group (P=0.014). 

There was no difference between mild and moderate/severe 

exacerbator groups (Figure 4). The moderate/severe exacerba-

tor group included seven patients who experienced more than 

two moderate or severe exacerbations during each year, and 

their CAT scores at baseline were 16.5 (interquartile range, 

5.75–28.75). Among the eight items comprising CAT scores, 

a significant difference persisted in the respiratory symptom  

Figure l Frequency of exacerbation with different severities over 2 years.
Notes: Patients with no (), mild ( ), and moderate or severe () exacerbations. Bars on left: proportions of patients without, and with mild, and moderate or severe 
exacerbations during the first year of follow-up. Bars on right: respective incidence of exacerbations in these groups during the second year of follow-up.
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Table 2 Comparison of baseline characteristics among patients stratified according to severity of exacerbation

Exacerbation  
free

Mild  
exacerbator

Moderate/severe  
exacerbator

P-value

number (%) 154 (49.5) 67 (21.5) 90 (29.0)
sex, female (%) 11 (7.1) 4 (6.0) 6 (6.7) 0.95
age (years) 72.5±8.3 71.3±8.1 74.0±7.6 0.11

smoking index (pack-years) 53.2±27.7 57.6±34.7 61.2±27.7 0.14

Current smokers (%) 21 (13.9) 8 (11.9) 9 (10.5) 0.73
BMI (kg/m2) 23.0±3.2 22.8±2.9 22.0±3.0a 0.033

%FeV1 67.4±19.3 65.4±21.9 53.3±19.1a,b ,0.0001

%DlCO/Va (%) (n=235) 65.4±20.8 67.7±24.1 55.6±21.2a,b 0.0043
laa% (n=209) 10.6 (4.7–23.5) 9.0 (5.2–19.1) 20.3 (10.3–35.8)a,b 0.0006
Wa% (n=206) 54.1 (47.9–59.1) 52.2 (46.8–57.0) 50.4 (43.9–57.2) 0.2

laBa (%) 40.26 43.28 66.29a,b 0.0003
laMa (%) 56.58 58.21 65.17 0.41
ICs (%) 26.62 32.84 47.19a 0.0048
OCs (%) 1.32 0 5.75b 0.033
PPI (%) 12.5 16.67 21.84 0.17
Clarithromycin (%) 0.65 1.49 8.9a,b 0.0014
Carbocysteine (%) 8.44 5.97 26.67a,b ,0.0001

CrP (mg/dl) 0.32±0.98 0.29±0.66 0.43±0.9 0.54

saa (μg/ml) 17.0±69.7 11.3±16.2 23.7±65.2 0.57

WBC (μl) 6,198.6±1,520.1 6,065.0±2,084.8 6,529.1±1,944.8 0.22
eo (%) 3.7±4.5 3.3±3.6 3.9±3.0 0.61

Notes: Data are shown as n (%) and mean ± sD. aP,0.05 vs no exacerbation and bP,0.05 vs mild.
Abbreviations: BMI, body mass index; CrP, C-reactive protein; DlCO/Va, diffusing capacity divided by the alveolar volume; eo, eosinophil; %FeV1, ratio of predicted forced 
expiratory volume in 1 second; ICs, inhaled corticosteroids; laa%, ratio of low attenuation area; laBa, long-acting beta agonist; laMa, long-acting muscarinic antagonist; 
OCs, oral corticosteroids; PPI, proton pump inhibitor; saa, serum amyloid a; Wa%, ratio of airway wall area; WBC, white blood cell.

Table 3 Comparison of baseline comorbidities among patients stratified according to severity of exacerbation

Prevalence (%) Exacerbation  
free

Mild  
exacerbator

Moderate/severe  
exacerbator

P-value

gerD (Fssg $8) 33.78 (n=101) 45 (30.41) 30 (46.15)a,b 26 (30.23) 0.058
anxiety (haDs-a $11) 6.62 (n=20) 10 (6.71) 4 (5.97) 6 (6.98) 0.97
Depression (haDs-D $11) 8.61 (n=26) 9 (6.04) 7 (10.45) 10 (11.63) 0.28
anemia 22.76 (n=71) 27 (17.53) 17 (25.37) 27 (29.67)a 0.077
Osteoporosis 14.1 (n=32) 14 (12.07) 5 (9.26) 13 (22.81)c 0.082
hypertension 38.41 (n=116) 61 (40.94) 22 (33.33) 33 (37.93) 0.57
Diabetes mellitus 14.57 (n=44) 23 (15.44) 6 (9.09) 15 (17.24) 0.34
Dyslipidemia 18.21 (n=55) 31 (20.81) 11 (16.67) 13 (14.94) 0.5
hyperuricemia 8.94 (n=27) 13 (8.72) 8 (12.12) 6 (6.9) 0.53
Coronary artery disease 12.58 (n=38) 21 (14.09) 6 (9.09) 11 (12.64) 0.72
Chronic heart disease 6.62 (n=20) 10 (6.71) 6 (9.09) 4 (4.6) 0.54
arrhythmia 10.93 (n=33) 17 (11.41) 7 (10.61) 9 (10.35) 0.6
Cerebral infarction 5.3 (n=16) 10 (6.71) 2 (3.03) 4 (4.6) 0.51
Peptic ulcer 8.61 (n=26) 11 (7.38) 5 (7.58) 10 (11.49) 0.52
lung cancer 5.3 (n=16) 6 (4.03) 4 (6.06) 6 (6.9) 0.61
Other cancer 20.2 (n=61) 27 (18.12) 14 (21.21) 20 (22.99) 0.65
Chronic sinusitis 12.75 (n=39) 19 (12.58) 11 (16.42) 9 (10.23) 0.52
aortic aneurysm 3.97 (n=12) 7 (4.7) 2 (3.03) 3 (3.45) 0.81
Chronic renal failure 1.61 (n=5) 1 (0.65) 3 (4.48) 1 (1.11) 0.11
liver cirrhosis 3.02 (n=9) 5 (3.4) 1 (1.54) 3 (3.49) 0.73
Cataract 46.54 (n=101) 46 (40.35) 20 (41.67) 35 (63.64)a,c 0.013
glaucoma 7.83 (n=17) 6 (5.31) 4 (8.33) 7 (12.5) 0.26
Prostatic hypertrophy 13.91 (n=42) 13 (8.72) 11 (16.67) 18 (20.69)a 0.029

Notes: Data are shown as n (%). aP,0.05 vs no exacerbation. bP,0.05 vs moderate or severe exacerbation. cP,0.05 vs mild exacerbation.
Abbreviations: FSSG, frequency scale for the symptoms of GERD; GERD, gastroesophageal reflux disease; HADS, hospital anxiety and depression scale.
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components of cough, sputum, and dyspnea and their 

activity (P=0.0002, P=0.0006, P,0.0001, and P=0.0045, 

respectively). We assessed the effect of mild exacerbation 

on CAT scores using multivariate logistic regression analysis 

that included risk factors that either reached significance or 

trended toward an association on univariate analysis. Severe 

airflow limitation (%FEV
1
 ,50%) and mild exacerbation 

independently advanced the likelihood of ∆CAT $2 per year 

(P=0.042 and P=0.028, respectively; Table 4).

The 2-year follow-up also revealed a significant differ-

ence in all categories of SGRQ scores between moderate/

severe exacerbator groups and exacerbation-free groups 

(total, P,0.001, Figure 5; symptoms; P,0.001, Figure 6; 

activity, P,0.001, Figure 7; impact, P,0.001, Figure 8). 

However, the mild exacerbator group exhibited significant 

difference compared with the exacerbation-free group only in 

total score and symptoms category of SGRQ (total, P=0.041, 

Figure 5; symptoms; P=0.002, Figure 6; activity, P=0.226, 

Figure 7; impact, P=0.064, Figure 8).

Discussion
Previous studies have shown that patients with moderate or 

severe exacerbations have a rapid decline in lung function32,33 

and emphysema progression,16 an inferior health-related QOL,11 

and decreased exercise performance.34 However, the influence 

of mild exacerbation on QOL, lung function, and emphysema 

has remained unclear. This study shows that steady-state CAT 

scores and the symptom component of SGRQ remained worse 

in the mild exacerbator group than in the exacerbation-free 

group during 2 years of follow-up, although the severity of 

FEV
1
 did not significantly differ. However, mild exacerbations 

Figure 2 annual changes in FeV1 in three groups of patients over 2 years of follow-up.
Notes: Patients in the exacerbation-free (), mild exacerbator (––), and 
moderate/severe exacerbator (––) groups. Moderate/severe exacerbator vs 
exacerbation free, P,0.001; mild exacerbator vs exacerbation free, P=1.000; and mild 
exacerbator vs moderate/severe exacerbator, P=0.001.
Abbreviation: FeV1, forced expiratory volume in 1 second.

Figure 3 annual changes in laa% in three groups of patients over 2 years of 
follow-up.
Notes: Patients in the exacerbation-free (), mild exacerbator (––), and 
moderate/severe exacerbator (––) groups. Moderate/severe exacerbator vs 
exacerbation free, P=0.228; mild exacerbator vs exacerbation free, P=1.000; and 
mild exacerbator vs moderate/severe exacerbator, P=0.100.
Abbreviation: laa%, ratio of low attenuation area.

Figure 4 annual changes in CaT scores in three groups of patients over 2 years 
of follow-up.
Notes: Patients in the exacerbation-free (), mild exacerbator (––), and 
moderate/severe exacerbator (––) groups. Moderate/severe exacerbator vs 
exacerbation free, P,0.001; mild exacerbator vs exacerbation free, P=0.014; and 
mild exacerbator vs moderate/severe exacerbator, P=0.493.
Abbreviation: CaT, COPD assessment test.

Table 4 Predictors of CaT (minimal clinical important difference; 
∆CaT $2 per year) increase determined by multivariate logistic 
regression analysis

OR (95% CI) P-value 

Airflow limitation
%FeV1 ,50% vs $50% 2.42 (1.03–5.60) 0.042

acute exacerbation
Mild exacerbation vs exacerbation free 2.29 (1.09–4.80) 0.028

Comorbidity
Depression (haDs-D $11) 1.97 (0.55–6.46) 0.282
Osteoporosis 1.92 (0.60–5.68) 0.260

Abbreviations: CI, confidence interval; CAT, COPD assessment test; %FEV1, ratio of 
predicted forced expiratory volume in 1 second; haDs, hospital anxiety and depression 
scale; Or, odds ratio.
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did not change the levels of activity or impact scores of SGRQ 

at steady state. The CAT and other SGRQ scores also remained 

worse in the moderate/severe exacerbator compared with the 

exacerbation-free group during 2 years of follow-up, but they 

were concomitant with a lower FEV
1
.

The unique point of this study was the focus on mild 

exacerbation. To ascertain, “mild” exacerbation is limited 

because perception of the actual symptoms is subjective. 

Many studies have tried to establish standardized methods, 

but some issues have arisen.35,36 Independent investiga-

tors in this study selected most of the patients with mild 

COPD exacerbation from detailed retrospective reviews of 

individual clinical records, in which patients reported issues 

such as having had a common cold since the last consultation 

with a respiratory physician. The physicians then assumed 

that the health status of the patient had been restored to 

normal without intervention with antibiotics and/or steroid. 

Sometimes, COPD exacerbation was objectively judged 

during an unscheduled primary care assessment or when a 

patient walked into an emergency center. Reliability depends 

on self-reported previous illness that patients need to recall 

over various periods. The investigators were aware of the 

limitation that the frequency of mild exacerbations might 

be underestimated because patients might forget episodes 

if they were very mild or very frequent or when they rec-

ognized that reporting was not needed. On the other hand, 

the risk of overestimating exacerbation severity must be 

minimal because patients report it after understanding the 

Figure 6 annual changes in sgrQ symptoms category over 2 years of follow-up.
Notes: Patients in the exacerbation-free (), mild exacerbator (––), and 
moderate/severe exacerbator (––) groups. Moderate/severe exacerbator vs 
exacerbation free, P,0.001; mild exacerbator vs exacerbation free, P=0.002; and 
mild exacerbator vs moderate/severe exacerbator, P=1.000.
Abbreviation: sgrQ, st george’s respiratory Questionnaire.

Figure 7 annual changes in sgrQ activity category over 2 years of follow-up.
Notes: Patients in the exacerbation-free (), mild exacerbator (––), and 
moderate/severe exacerbator (––) groups. Moderate/severe exacerbator vs 
exacerbation free, P,0.001; mild exacerbator vs exacerbation free, P=0.226; and 
mild exacerbator vs moderate/severe exacerbator, P=0.004.
Abbreviation: sgrQ, st george’s respiratory Questionnaire.

Figure 5 annual changes in sgrQ total scores over 2 years of follow-up.
Notes: Patients in the exacerbation-free (), mild exacerbator (––), and 
moderate/severe exacerbator (––) groups. Moderate/severe exacerbator vs 
exacerbation free, P,0.001; mild exacerbator vs exacerbation free, P=0.041; and 
mild exacerbator vs moderate/severe exacerbator, P=0.013.
Abbreviation: sgrQ, st george’s respiratory Questionnaire.

Figure 8 annual changes in sgrQ impact category over 2 years of follow-up.
Notes: Patients in the exacerbation-free (), mild exacerbator (––), and 
moderate/severe exacerbator (––) groups. Moderate/severe exacerbator vs 
exacerbation free, P,0.001; mild exacerbator vs exacerbation free, P=0.064; and 
mild exacerbator vs moderate/severe exacerbator, P=0.008.
Abbreviation: sgrQ, st george’s respiratory Questionnaire.
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consequences of recovery from such episodes compared with 

the patient diary approach.14,22

One of the major strengths of this study is the compre-

hensive assessment of comorbid factors in the K-CCR cohort 

study, which has been characterized in detail. Generally, 

it was reported that comorbidities of conditions, such as 

cardiac disease,37,38 GERD,39,40 and depression41 are associ-

ated with moderate or severe exacerbations. However, the 

frequency of these comorbidities did not significantly differ 

between moderate/severe exacerbator and exacerbation-

free groups in the present study, which could be explained 

as follows. Japanese patients with COPD have different 

characteristics, such as more advanced age, lower BMI, 

emphysema-dominant type,15,42 and a different profile of 

comorbidities, compared with non-Japanese, as well as a 

lower prevalence of cardiovascular disease and metabolic 

syndrome and a higher frequency of osteoporosis and 

malnutrition.18,43 This study finds that symptoms of GERD 

are associated with mild exacerbations but not with mod-

erate or severe exacerbations. Thus, GERD might cause 

mild exacerbations or comorbid GERD could worsen CAT 

and SGRQ scores. Whether or not treatment for GERD 

contributes to improve these scores in patients with mild 

exacerbations or decrease the frequency of mild exacerba-

tions should be worth investigating. Interactions between 

host factors, bacteria, viruses, and air pollution are thought 

to exacerbate COPD.44 Human rhinovirus prevalence and 

load increased at COPD exacerbation and resolved during 

recovery.45 The etiology might be associated with differ-

ences in exacerbation severity.

Our cohort study showed that the current frequency of 

moderate or severe exacerbations of COPD is as low as 

that found in previous studies of Japanese patients with 

COPD15–17 and lower than that found in other countries7 and 

in some recent clinical trials.46,47 This discrepancy could be 

explained as follows. This study includes patients with mild 

airflow limitation (GOLD 1, 22.2%), unlike previous clinical 

studies that did not recruit such patients. Our patients were 

mostly past smokers (87.5%) and were regularly treated 

with bronchodilators (72.3%). Although the reasons for the 

difference in exacerbation frequency remain to be defined, 

the difference in the low rate of exacerbation might not be 

unique to Japan, and they might have important implications 

for clinical trials of exacerbation.

This study is limited by the short observational period 

of only 2 years, and the fact that QOL scores, lung function, 

and chest CT images were only monitored annually. A longer 

follow-up with more frequent measures is required to 

develop a more thorough understanding of the long-term 

impact of mild exacerbation on the progression of clinical 

parameters. Large clinical trials of patients with COPD have 

shown that current treatments have significantly reduced 

moderate or severe exacerbations46,47 and early intervention 

also improves outcomes of exacerbations.13,48 However, 

the effectiveness of such treatments on mild exacerbations 

remains unknown.

Conclusion
Even mild exacerbations adversely impacted the health-

related QOL of patients with COPD. Appropriate interven-

tion for mild exacerbations, as well as moderate or severe 

ones, would be important for improving outcomes for patients 

with COPD.
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