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Abstract 

Background:  Chronic obstructive pulmonary disease (COPD) is a heterogeneous disease with a complex progression 
of many clinical presentations, and clinically important deterioration (CID) has been proposed in the Western studies 
as a composite endpoint of disease progression. The aim of this study was to investigate the relationships between 
1-year CID and the following long-term clinical outcomes in Japanese patients with COPD who have been reported to 
have different characteristics compared to the Westerners.

Methods:  Among Japanese patients with COPD enrolled in the Hokkaido COPD cohort study, 259 patients who did 
not drop out within the first year were analyzed in this study. Two definitions of CID were used. Definition 1 com-
prised ≥ 100 mL decrease in forced expiratory volume in 1 s (FEV1), ≥ 4-unit increase in St George’s Respiratory Ques-
tionnaire (SGRQ) score from baseline, or moderate or severe exacerbation. For Definition 2, the thresholds for the FEV1 
and SGRQ score components were doubled. The presence of CID was evaluated within the first year from enrollment, 
and analyzed the association of the presence of CID with following 4-year risk of exacerbations and 9-year mortality.

Results:  Patients with CID using Definition 1, but not any single CID component, during the first year had a signifi-
cantly worse mortality compared with those without CID. Patients with CID using Definition 2 showed a similar trend 
on mortality, and had a shorter exacerbation-free survival compared with those without CID.

Conclusions:  Adoption of CID is a beneficial and useful way for the assessment of long-term disease progression and 
clinical outcomes even in Japanese population with COPD. The definition of CID might be optimized according to the 
characteristics of COPD population and the observation period for CID.
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Background
Chronic obstructive pulmonary disease (COPD) is 
a heterogeneous condition with a complex progres-
sion of many clinical presentations, which vary in 
both their presence and severity [1]. The Global Ini-
tiative for Chronic Obstructive Lung Disease (GOLD) 
report describes that it is essential to personalize the 
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assessment and clinical management of COPD, with 
the treatment goals of reducing the risk of future 
COPD exacerbations, minimizing disease activity, 
and preventing disease progression [2]. Quantify-
ing disease activity and progression is a challenge 
in clinical studies and practice, and a more compre-
hensive approach to the management of COPD is 
needed. Therefore, a composite clinically important 
deterioration (CID) endpoint was developed to meas-
ure short-term worsening of disease status, compris-
ing the following: lung function (≥ 100 mL decline in 
forced expiratory volume in 1 s [FEV1]), health status 
(≥ 4-unit increase in St George’s Respiratory Ques-
tionnaire [SGRQ]), and the incidence of moderate 
or severe exacerbation [3]. The occurrence of one or 
more of these events was defined as CID. The FEV1 
and SGRQ thresholds were selected as the accepted 
minimum clinically important difference (MCID) 
for these outcomes [4, 5]. Several short-term (6- to 
12-month) COPD studies have adopted this endpoint 
as a post hoc measure [6, 7], and associations between 
short-term CID and long-term outcomes have also 
been reported [8]. However, most of the participants 
in those studies were from Western countries, and it 
is still unclear whether this definition of CID is useful 
in diverse COPD populations.

Japanese patients with COPD have been reported to 
have different characteristics compared to those from 
Western countries; they are generally older and thin-
ner, have lower SGRQ scores, and experience fewer 
exacerbations [9–11]. Therefore, we aimed to inves-
tigate whether the presence of any component of the 
composite CID over a 1-year period was associated 
with subsequent clinical outcomes (exacerbations and 
mortality) in Japanese patients with COPD. We used 
two different thresholds for the FEV1 and SGRQ com-
ponents to define CID.

Methods
Study protocol and participants
The study is based on data from the Hokkaido COPD 
cohort study, which has previously been described 
in detail [12–16]. Japanese patients with COPD were 
enrolled from Hokkaido University Hospital (Sapporo, 
Japan) and nine affiliated hospitals between May 2003 
and May 2005. All were aged over 40 years and were 
either current or former smokers with a smoking his-
tory of at least 10 pack-years. Participants diagnosed 
with clinical asthma were excluded by respiratory spe-
cialists. During the first year of follow-up, we recon-
firmed the diagnosis based on the spirometry criteria 
of the GOLD guidelines [2]. A total of 279 patients 
with COPD (GOLD 1, 26 %; GOLD 2, 45 %; GOLD 

3, 24 %; GOLD 4, 5 %) were followed up in the sub-
sequent years. Until the 5th year, spirometry before 
and after bronchodilator inhalation was performed 
every 6 months. Health-related quality of life assess-
ments with the SGRQ were conducted annually, and 
information on COPD exacerbations was collected 
monthly. Moderate exacerbation was defined as a 
worsening or new onset of either (1) two major symp-
toms (increased dyspnea, change in sputum puru-
lence, or increased sputum volume) or (2) any major 
symptoms plus any minor symptoms (fever, increased 
cough, or wheezing) that required a prescription 
change. Severe exacerbation was defined by hospital 
admission. After the 5th year, spirometry after bron-
chodilator inhalation and diffusing capacity testing 
were conducted annually for those who agreed with 
the extension of the regular follow-up program until 
the 10th year. The majority of the participants contin-
ued to visit outpatient clinics for appropriate medical 
care, even if they dropped out of the regular follow-up 
program. Information on the fatal event was collected 
as previously described [16].  This study was con-
ducted in accordance with the Declaration of Helsinki 
and approved by the ethics committee of Hokkaido 
University School of Medicine (med02-001).  All par-
ticipants provided written informed consent.

Definitions and assessments of CID
Two definitions of CID were evaluated in this analy-
sis. For Definition 1 (D1), we used the CID previously 
proposed by Singh et al. [3]. The CID was defined as 
any one of the following: (1) decrease ≥ 100 mL from 
baseline in post-bronchodilator FEV1, (2) increase ≥ 4 
units in SGRQ score from baseline, and (3) incidence 
of moderate or severe exacerbation. In Definition 
2 (D2), the thresholds for the FEV1 and SGRQ com-
ponents were doubled, as follows: (1) decrease ≥ 200 
mL from baseline in post-bronchodilator FEV1, (2) 
increase ≥ 8 units in SGRQ score from baseline; and 
(3) incidence of moderate or severe exacerbation. In 
each definition, participants who met at least one CID 
criteria within the first year of enrollment were clas-
sified as the CID1+ (D1) or CID2+ (D2) group, and 
those who did not, as the CID1- (D1) or CID2- (D2) 
group.

Statistical analysis
Differences between the groups were analyzed using 
Fisher’s exact test for categorical variables, Stu-
dent’s t-test for continuous parametric variables, and 
Mann–Whitney U test for continuous nonparamet-
ric variables. Exacerbation-free survival and mortal-
ity after the visit at 1 year were analyzed using the 
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Kaplan–Meier method with the log-rank test and 
the multivariate Cox proportional hazards models. 
Covariates included in the Model 1 were age, sex, and 
smoking status at enrollment. Covariates included in 
the Model 2 were age, sex, smoking status, and post-
bronchodilator FEV1 at enrollment. Mortality was 
analyzed separately for all-cause mortality and death 
from respiratory diseases (including respiratory fail-
ure, pneumonia, and lung abscess). Statistical signifi-
cance was defined as p < 0.05. Statistical analyses were 
performed using JMP (SAS Institute Inc., Cary, NC, 
USA) and EZR version 1.54 (Saitama Medical Center, 
Jichi Medical University, Saitama, Japan), which is a 
graphical user interface for R software (The R Founda-
tion for Statistical Computing, Vienna, Austria) [17].

Results
Figure 1 shows the process of this study from registra-
tion to CID analysis. Of 279 patients with spirometry-
confirmed COPD by the first year, 259 were eligible 
for this analysis, after the exclusion of 20 patients 
who dropped out within the first year. Venn diagrams 
showing the components of the CID based on each 
definition (D1 and D2) are shown in Fig. 2. In D1, 152 

Fig. 1  Flow-chart showing the study process

a b

Fig. 2  Individual components of the CID in the first year. Based on a D1 and b D2
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(58.7 %) patients were in the CID1 + group and 107 
(41.3 %) patients were in the CID1- group. The most 
common cause of CID in the first year was deterio-
ration in FEV1 (35.5 %), and the least was exacerba-
tion (14.7 %). In D2, 97 (37.5 %) patients were in the 
CID2 + group and 162 (62.5 %) patients were in the 
CID2- group. Compared to D1, the positive rates of 
the three components were similar in D2 (deteriora-
tion in FEV1, 12.0 %; deterioration in SGRQ, 16.2 %; 
and exacerbation, 14.7 %).

Using D1, the post-bronchodilator FEV1/forced 
vital capacity (FVC) was significantly lower in the 
CID1 + group than in the CID1- group (Table  1). 
Although there were no associations between the 
two groups and the development of moderate or 
severe exacerbations (Fig.  3a, b), the CID1 + group 
had worse all-cause mortality and death from respira-
tory diseases than the CID1- group (p = 0.02, Fig. 3c; 
p = 0.03, Fig.  3d). Using D2, the post-bronchodilator 
FEV1 and FEV1/FVC were significantly lower in the 
CID2 + group than in the CID2- group (Table  1). 
Exacerbation-free survival was significantly shorter in 
the CID2 + group than in the CID2- group (moderate 
exacerbation, p = 0.02, Fig.  4a; severe exacerbation, 
p = 0.04, Fig.  4b). The CID2 + group had worse all-
cause mortality and death from respiratory diseases 

than the CID2- group (p = 0.01, Fig.  4c; p = 0.03, 
Fig. 4d). 

The multivariate Cox hazards proportional models 
showed that among single CID components, the exacerba-
tion component was significantly associated with early onset 
of moderate exacerbation, and the SGRQ (≥ 8 units) compo-
nent was associated with early onset of severe exacerbation 
and death from respiratory diseases, whereas other single 
components were not associated with future exacerbations. 
In addition, none of the single CID components were associ-
ated with all-cause mortality (Table 2). On the other hand, 
CID using D2, but not D1, was significantly associated with 
early onset of moderate exacerbation’ (p = 0.01) and tended 
to relate to severe exacerbation (p = 0.06) (Table  2). CID 
using D1 was significantly associated with all-cause mortal-
ity and death from respiratory diseases(p = 0.047, 0.04), and 
CID using D2 tended to relate to all-cause mortality and 
death from respiratory diseases (p = 0.052, 0.0501). Further-
more, CID using D1 or D2 were tended to be associated with 
all-cause mortality after adjustments for post-bronchodilator 
FEV1 (Table 2).

At the beginning of the study, 13.9 % of all patients 
were using inhaled corticosteroids and 37.1 % were using 
long-acting beta-agonists, and after 5 and 10 years, 16.2 
and 22.2 % were using inhaled corticosteroids and 39.3 
and 44.4 % were using long-acting beta-agonists, with no 

Table 1  Patient demographics and baseline characteristics, based on CID using D1 and D2

All patients CID1 + group CID1 − group P-value CID2 + group CID2 − group P-value
(n = 259) (n = 152) (n = 107) (n = 97) (n = 162)

Demographics
Age, years 69.6 ± 7.8 69.8 ± 7.5 69.4 ± 8.2 0.74 70.1 ± 7.2 69.4 ± 8.1 0.45

Female, N (%) 15 (5.8%) 7 (4.6%) 8 (7.5%) 0.42 4 (4.1%) 11 (6.8%) 0.43

Body mass index, kg/m2 22.2 ± 3.2 22.1 ± 3.3 22.5 ± 3.2 0.30 22.0 ± 3.2 22.4 ± 3.3 0.33

Current smoker, N (%) 73 (28.2%) 39 (25.7%) 34 (31.8%) 0.33 21 (21.7%) 52 (32.1%) 0.09

Pack-years 56.0 (43.0–78.0) 56.0 (43.0–75.8) 57.0 (43.0–79.5) 0.66 55.0 (42.0–73.5) 56.6 (43.5–82.0) 0.33

Pulmonary function test
Post-BD FEV1, L 1.7 ± 0.7 1.7 ± 0.7 1.8 ± 0.7 0.19 1.6 ± 0.6 1.8 ± 0.7 0.01

Post-BD FEV1, % predicted 64.5 ± 21.9 62.3 ± 21.8 67.8 ± 21.6 0.05 59.2 ± 20.9 67.8 ± 21.9 0.002

Post-BD FEV1/FVC, % 51.1 ± 12.5 49.6 ± 12.6 53.2 ± 12.1 0.02 48.2 ± 12.7 52.8 ± 12.2 0.003

DLco, % predicted 78.1 ± 25.0 76.2 ± 24.8 80.7 ± 25.2 0.16 77.3 ± 24.8 78.5 ± 25.2 0.70

Kco, % predicted 63.8 ± 24.3 62.6 ± 24.7 65.4 ± 23.7 0.37 63.3 ± 24.6 64.0 ± 24.2 0.82

Patient-reported outcomes
Chronic bronchitis, N (%) 29 (11.2%) 16 (10.5%) 13 (12.2%) 0.69 13 (13.4%) 16 (9.9%) 0.42

mMRC dyspnea scale ≥ 2, N (%) 137 (52.9%) 84 (55.3%) 53 (49.5%) 0.38 55 (56.7%) 82 (50.6%) 0.37

SGRQ total score 31.8 ± 17.4 32.4 ± 17.4 31.1 ± 17.4 0.57 33.8 ± 17.3 30.7 ± 17.3 0.16

CT emphysema score 1.2 (0.7–2.0) 1.2 (0.8–2.2) 1.1 (0.6–2.0) 0.30 1.2 (0.7–2.0) 1.2 (0.7–2.2) 0.97

Comorbidities
Any cardiovascular disease 58 (22.4%) 33 (21.7%) 25 (23.4%) 0.76 23 (23.7%) 35 (21.6%) 0.76

Ischemic heart disease 18 (7.0%) 10 (6.6%) 8 (7.5%) 0.81 6 (6.2%) 12 (7.4%) 0.80

Diabetes 12 (4.6%) 4 (2.6%) 8 (7.5%) 0.08 3 (3.1%) 9 (5.6%) 0.54
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a b

c d

Fig. 3  Kaplan–Meier curves according to CID using D1. a Moderate exacerbations. b Severe exacerbations. c All-cause mortality. d Death from 
respiratory diseases

major change during the follow-up period. None of the 
patients were using long-acting muscarinic antagonists 
at the start of the study because it is not clinically avail-
able in Japan. At baseline, 53.7 % of all patients were using 
short-acting muscarinic antagonists; after 5 and 10 years, 
57.6 and 52.5 % were using muscarinic receptor antago-
nists, including long-acting muscarinic antagonists.

Discussion
In this study, we evaluated whether CID status (a com-
posite measure of early deterioration in COPD) assessed 
during the first year of observation could be used to pre-
dict long-term clinical outcomes of Japanese patients 
with COPD using data from the Hokkaido COPD cohort 
study. Two definitions of CID (D1 and D2) with different 
thresholds for FEV1 and SGRQ were used. We found that 

patients who experienced a CID event, but not any sin-
gle component alone, in the first year had worse all-cause 
mortality than those who did not experience a CID event 
under both definitions. In addition, the presence of CID 
using D2, but not D1, was associated with an earlier onset 
of exacerbations.

CID is a composite endpoint that was recently intro-
duced in a post-hoc analysis of COPD clinical trials [3, 
18–20]. The decline in FEV1 over time has traditionally 
been an essential marker of disease progression and has 
been presented as a primary outcome in clinical trials. 
However, it is widely known that disease progression in 
COPD is not limited to a decline in FEV1, and that its 
progression can be monitored in many ways, includ-
ing by monitoring changes in health status or physi-
cal activity over time, as well as the frequency of COPD 
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exacerbations [21]. COPD is a multidimensional disease, 
and it has been reported that the correlations between 
changes in FEV1 and SGRQ [22] or exacerbations [23] 
were not strong. The composite CID endpoint was devel-
oped as a new approach to allow reliable monitoring of 
disease activity and progression using independent com-
ponents and based on the principle of addressing dif-
ferent aspects of disease progression. Originally, CID 
consisted of lung function (≥ 100 mL decline in FEV1), 
health status (≥ 4-unit increase in SGRQ), and the inci-
dence of moderate or severe exacerbation [3]. The FEV1 
and SGRQ thresholds were selected from the established 
MCID [4, 5].

To evaluate the composite CID endpoint, it is impor-
tant to know whether the composite CID is more 

useful than a single CID component as an outcome and 
whether it has prognostic ability in diverse COPD pop-
ulations [24]. A post-hoc analysis of the 3-year TORCH 
and ECLIPSE studies showed that patients with CID 
had an increased risk of all-cause mortality compared 
with patients without CID after a CID assessment at 
6 and 12 months, respectively [8]. It was also reported 
that patients with CID within the first 6 months of the 
UPLIFT study had worse outcomes for the remaining 
42 months of the study [25]. However, the usefulness of 
CID in Japanese patients with COPD has not yet been 
clarified. In this study, we found that the presence of 
composite CID over a 1-year period was associated with 
subsequent exacerbations and better all-cause mortality 
than any single CID component (Table 2). This suggests 

a

c d

b

Fig. 4  Kaplan–Meier curves according to CID using D2. a Moderate exacerbations. b Severe exacerbations. c All-cause mortality. d Death from 
respiratory diseases
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that the composite CID endpoint would also be useful 
and beneficial among Japanese patients with COPD.

Recent reports on CID have explored other defini-
tions in addition to the three-component CID definition 
as described above, including the COPD Assessment 
Test score [26] and the Transition Dyspnea Index [18]. 
However, there have been no studies that have used dif-
ferent thresholds for each CID component. When we 
adopted the original definition for each component of 
CID (i.e., D1), the positive rates of the three components 
were not uniform (Fig.  2a). On the other hand, when 
we used doubled thresholds for the FEV1 and SGRQ 
score components (D2), the positive rates of the three 
components were similar (Fig.  2b). In addition, CID 
using D2 was associated with a higher risk of exacerba-
tions than CID using D1. We evaluated the CID over a 
1-year period, which is longer than the TORCH [8] and 
UPLIFT [25] studies, in which CID was evaluated for 6 
months. In addition, previous reports suggested that 
Japanese patients with COPD have less frequent exacer-
bations than patients in other countries [11]. Data from 

several global clinical trials also suggested that Japanese 
patients have a lower baseline SGRQ than patients in the 
rest of the world [9, 27, 28]. Therefore, the definition of 
CID might be optimized according to the characteristics 
of the COPD population and the period of evaluation in 
order to properly assess clinical outcomes using CID.

Although it is well known that the single CID compo-
nents (worse pulmonary function, higher SGRQ score, 
and frequent exacerbations) are the risk factors for future 
exacerbation and mortality, none of the single CID com-
ponents were associated with all-cause mortality, and 
only exacerbation component predicted moderate exac-
erbations in this study. The lack of significant association 
between single CID components and all-cause mortal-
ity may be due to a small sample size of this cohort, less 
frequent exacerbations, and better pulmonary function 
and health-related quality of life of Japanese patients with 
COPD [9, 11, 27, 28]. On the other hand, COPD exac-
erbation has a recurrent nature [29], and our previous 
study confirmed the recurrent nature of exacerbations 

Table 2  Hazard ratios of single CID events and composite CID events for CID + patients versus CID- patients

CID, clinically important deterioration; CI, confidence interval; FEV1, forced expiratory volume in 1 s; SGRQ, St. George’s Respiratory Questionnaire; D1, Definition 1; D2, 
Definition 2

Model 1: Multivariate Cox proportional hazards models adjusted for age, sex, and smoking status. Model 2: Multivariate Cox proportional hazards models adjusted for 
age, sex, smoking status, and post-bronchodilator FEV1

Risk factor Moderate exacerbation Severe exacerbation All-cause mortality Death from respiratory 
diseases

Hazard ratio P-value Hazard ratio P-value Hazard ratio P-value Hazard ratio P-value

(95 % CI) (95 % CI) (95 % CI) (95 % CI)

Model 1
Single CID components
FEV1 decrease (≥ 100 mL) 0.78 (0.47−1.26) 0.32 0.64 (0.25−1.44) 0.29 1.28 (0.84−1.91) 0.25 1.23 (0.63−2.29) 0.53

FEV1 decrease (≥ 200 mL) 0.59 (0.23−1.26) 0.19 0.98 (0.23−2.81) 0.97 1.39 (0.74−2.42) 0.29 1.77 (0.72−3.80) 0.20

SGRQ increase (≥ 4 units) 1.01 (0.61−1.62) 0.97 1.78 (0.82−3.74) 0.14 1.33 (0.88−1.99) 0.17 1.67 (0.88−3.08) 0.11

SGRQ increase (≥ 8 units) 1.28 (0.70−2.19) 0.41 2.88 (1.28−6.14) 0.01 1.39 (0.86−2.18) 0.17 2.28 (1.11−4.43) 0.03

Exacerbation 2.87 (1.64−4.83) 0.0004 1.09 (0.32−2.88) 0.87 1.17 (0.65−1.97) 0.59 1.00 (0.38−2.21) 1.00

Composite CID
CID using D1 1.44 (0.90−2.34) 0.13 1.21 (0.57−2.73) 0.63 1.52 (1.006−2.34) 0.047 1.96 (1.02−4.02) 0.04

CID using D2 1.78 (1.12−2.81) 0.01 2.09 (0.98−4.53) 0.06 1.48 (0.997−2.20) 0.052 1.87 (0.9997−3.50) 0.0501

Model 2
Single CID components
FEV1 decrease (≥ 100 mL) 0.79 (0.48–1.26) 0.32 0.62 (0.24–1.40) 0.26 1.27 (0.84–1.90) 0.26 1.25 (0.64–2.33) 0.50

FEV1 decrease (≥ 200 mL) 0.60 (0.23–1.28) 0.21 1.03 (0.24–2.96) 0.96 1.40 (0.74–2.44) 0.28 1.79 (0.72–3.83) 0.19

SGRQ increase (≥ 4 units) 0.93 (0.56–1.50) 0.77 1.65 (0.76–3.49) 0.20 1.28 (0.84–1.92) 0.24 1.46 (0.76–2.74) 0.25

SGRQ increase (≥ 8 units) 1.10 (0.60–1.89) 0.75 2.59 (1.15–5.53) 0.02 1.33 (0.82–2.10) 0.24 1.99 (0.95–3.91) 0.07

Exacerbation 2.25 (1.28–3.82) 0.006 0.81 (0.23–2.18) 0.70 1.12 (0.62–1.89) 0.70 0.85 (0.32–1.93) 0.72

Composite CID
CID using D1 1.35 (0.85–2.20) 0.21 1.07 (0.50–2.44) 0.86 1.48 (0.98–2.28) 0.07 1.80 (0.93–3.71) 0.08

CID using D2 1.54 (0.97–2.44) 0.07 1.79 (0.84–3.89) 0.13 1.44 (0.96–2.14) 0.08 1.66 (0.88–3.14) 0.12
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even though the exacerbation frequency was low [14], 
which seemed to contribute to the association between 
single exacerbation component and future moderate 
exacerbations.

The use of CID is a useful approach for the assessment 
of long-term disease progression and clinical outcomes 
in patients with COPD, and thus potentially applicable 
for future large-scale randomized clinical trials. How-
ever, it remains uncertain whether the use of CID con-
tributes to improved care of individual patients with 
COPD in practical clinical settings. It is well known that 
SGRQ scores reported by individual patients are some-
times unacceptably variable over time due to factors 
that may not necessarily be related to COPD itself. We 
have recently reported how variable pulmonary function 
parameters such as FEV1 are even among three accept-
able trials [30]. The difference between the maximal and 
minimal FEV1 values among the acceptable trials was 
more than the MCID for FEV1 (100 mL) in as many as 
14 % of the participants, regardless of the GOLD stages of 
airflow limitation.

This study has several limitations. First, the sample size 
was not as large as those in previous large-scale clinical 
studies. However, this study was carefully designed with 
high quality, the dropout rate was low, and the accurate 
mortality data were obtained for as long as 10 years. Sec-
ond, the SGRQ was only assessed once a year, so it was 
not possible to assess the CID in a shorter period of time. 
However, the SGRQ is complex and difficult to assess fre-
quently in clinical practice, and our results suggest that 
the assessment of CID on an annual basis may also play 
an important role in predicting subsequent long-term 
clinical outcomes. Third, the thresholds for each compo-
nent of the CID have not been validated. The purpose of 
this study was not to find the most useful cutoff value for 
CID, but to examine the usefulness of CID in Japanese 
patients with COPD. Future large-scale studies may be 
needed to explore more appropriate thresholds for each 
component of CID.

Conclusions
One-year deterioration assessed using a composite CID 
endpoint was associated with poor long-term clinical 
outcomes in Japanese patients with COPD. It was also 
suggested that the definition of CID should be optimized 
according to the characteristics of the COPD population 
and the period of evaluation. This concept of evaluating 
short-term changes across multiple endpoints may help 
identify patients at high risk for worsening of COPD ear-
lier. Further research may be needed on the relationship 
between CID thresholds and long-term outcomes for 
future clinical trials.

Abbreviations
COPD: chronic obstructive pulmonary disease; GOLD: Global Initiative for 
Chronic Obstructive Lung Disease; CID: Clinically important deterioration; 
FEV1: Forced expiratory volume in 1 s; SGRQ: St. George’s Respiratory Question-
naire; MCID: Minimum clinically important difference; D1: Definition 1; D2: 
Definition 2; FVC: Forced vital capacity.

Acknowledgements
The authors would like to thank all of the Hokkaido COPD cohort study inves-
tigators for patient recruitment and follow-up, as well as Hideka Ashikaga, 
Ayako Kondo, and Yuko Takagi of the Central Office of the Hokkaido COPD 
cohort study (Sapporo, Japan) and the staff of Exam Co., Ltd. (Sapporo, Japan) 
for data management.

Authors’ contributions
YA and MS equally contributed to the acquisition and interpretation of data, 
statistical analysis, and drafting of the manuscript. SK, KS, and HK acquired and 
interpreted the data and assisted in writing the article. HM and MN designed 
the original study, were involved in data collection, and drafting the manu-
script. All authors read and approved the final manuscript.

Funding
The Hokkaido COPD cohort study was supported by a scientific research grant 
from the Ministry of Education, Science, Culture and Sports of Japan; a grant 
to the Respiratory Failure Research Group from the Ministry of Health, Labor 
and Welfare, Japan; and from Boehringer-Ingelheim and Pfizer.

Availability of data and materials
The datasets used and/or analyzed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
This study was approved by the ethics committees of KKR Sapporo Medical 
Center, Sapporo City General Hospital, Hokkaido Social Insurance Hospi-
tal (current JCHO Hokkaido Hospital), Sapporo Social Insurance General 
Hospital (current JCHO Hokushin Hospital), Iwamizawa City General Hospital, 
Iwamizawa Rosai Hospital (current Hokkaido Chuo Rosai Hospital), Otaru City 
Hospital, Otaru Kyokai Hospital, Kinikyo Chuo Hospital, and Tenshi Hospital. 
This study was conducted in accordance with the Declaration of Helsinki and 
approved by the ethics committee of Hokkaido University School of Medicine 
(med02-001). All participants provided written informed consent. All partici-
pants, including deceased participants, agreed with our consecutive analysis 
using their clinical data even if they died.

Consent for publication
Not applicable.

Competing interests
MS, HM, KS, SK, and MN have received grants from Boehringer-Ingelheim 
and Pfizer during the conduct of the study. MS has received grants from 
Boehringer-Ingelheim, Novartis, and AstraZeneca outside the submitted work. 
MN has received personal fees from Boehringer-Ingelheim, Novartis, and 
AstraZeneca outside the submitted work. YA and HK declare that they have no 
conflicts of interest in this work.

Author details
1 Department of Respiratory Medicine, Faculty of Medicine and Graduate 
School of Medicine, Hokkaido University, Kita 15, Nishi 7, Kita‑ku, Sap-
poro 060‑8638, Japan. 2 Hokkaido Medical Research Institute for Respiratory 
Diseases, Minami 3, Nishi 2, Chuo‑ku, Sapporo 060‑0063, Japan. 

Received: 26 February 2021   Accepted: 20 April 2021



Page 9 of 9Abe et al. BMC Pulm Med          (2021) 21:159 	

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

References
	1.	 Agusti A, Calverley PM, Celli B, Coxson HO, Edwards LD, Lomas DA, et al. 

Characterisation of COPD heterogeneity in the ECLIPSE cohort. Respir 
Res. 2010;11(1):122.

	2.	 Global Initiative for Chronic Obstructive Lung Disease. Global strategy 
for the diagnosis, management, and prevention of chronic obstructive 
pulmonary disease. Updated 2021. https://​goldc​opd.​org. Accessed 7 Jan 
2021.

	3.	 Singh D, Maleki-Yazdi MR, Tombs L, Iqbal A, Fahy WA, Naya I. Prevention of 
clinically important deteriorations in COPD with umeclidinium/vilanterol. 
Int J Chron Obstruct Pulmon Dis. 2016;11:1413–24.

	4.	 Donohue JF. Minimal clinically important differences in COPD lung func-
tion. COPD. 2005;2(1):111–24.

	5.	 Jones PW. St. George’s Respiratory Questionnaire: MCID. COPD. 
2005;2(1):75–9.

	6.	 Bafadhel M, Singh D, Jenkins C, Peterson S, Bengtsson T, Wessman 
P, et al. Reduced risk of clinically important deteriorations by ICS in 
COPD is eosinophil dependent: a pooled post-hoc analysis. Respir Res. 
2020;21(1):17.

	7.	 Rabe KF, Chalmers JD, Miravitlles M, Kocks JWH, Tsiligianni I, de la Hoz 
A, et al. Tiotropium/Olodaterol delays clinically important deterioration 
compared with tiotropium monotherapy in patients with early COPD: a 
post hoc analysis of the TONADO(®) trials. Adv Ther. 2020.

	8.	 Naya IP, Tombs L, Muellerova H, Compton C, Jones PW. Long-term 
outcomes following first short-term clinically important deterioration in 
COPD. Respir Res. 2018;19(1):222.

	9.	 Fukuchi Y, Fernandez L, Kuo HP, Mahayiddin A, Celli B, Decramer M, et al. 
Efficacy of tiotropium in COPD patients from Asia: a subgroup analysis 
from the UPLIFT trial. Respirology. 2011;16(5):825–35.

	10.	 Ichinose M, Taniguchi H, Takizawa A, Grönke L, Loaiza L, Voß F, et al. 
The efficacy and safety of combined tiotropium and olodaterol via the 
Respimat(®) inhaler in patients with COPD: results from the Japanese 
sub-population of the Tonado(®) studies. Int J Chron Obstruct Pulmon 
Dis. 2016;11:2017–27.

	11.	 Ishii T, Nishimura M, Akimoto A, James MH, Jones P. Understanding low 
COPD exacerbation rates in Japan: a review and comparison with other 
countries. Int J Chron Obstruct Pulmon Dis. 2018;13:3459–71.

	12.	 Makita H, Nasuhara Y, Nagai K, Ito Y, Hasegawa M, Betsuyaku T, et al. Char-
acterisation of phenotypes based on severity of emphysema in chronic 
obstructive pulmonary disease. Thorax. 2007;62(11):932–7.

	13.	 Nishimura M, Makita H, Nagai K, Konno S, Nasuhara Y, Hasegawa M, 
et al. Annual change in pulmonary function and clinical phenotype 
in chronic obstructive pulmonary disease. Am J Respir Crit Care Med. 
2012;185(1):44–52.

	14.	 Suzuki M, Makita H, Ito YM, Nagai K, Konno S, Nishimura M. Clinical 
features and determinants of COPD exacerbation in the Hokkaido COPD 
cohort study. Eur Respir J. 2014;43(5):1289–97.

	15.	 Suzuki M, Makita H, Konno S, Shimizu K, Kimura H, Kimura H, et al. 
Asthma-like features and clinical course of chronic obstructive pulmo-
nary disease. An analysis from the Hokkaido COPD cohort study. Am J 
Respir Crit Care Med. 2016;194(11):1358–65.

	16.	 Makita H, Suzuki M, Konno S, Shimizu K, Nasuhara Y, Nagai K, et al. 
Unique mortality profile in Japanese patients with COPD: an analysis 
from the Hokkaido COPD cohort study. Int J Chron Obstruct Pulmon Dis. 
2020;15:2081–90.

	17.	 Kanda Y. Investigation of the freely available easy-to-use software ‘EZR’ for 
medical statistics. Bone Marrow Transplant. 2013;48(3):452–8.

	18.	 Anzueto AR, Vogelmeier CF, Kostikas K, Mezzi K, Fucile S, Bader G, et al. 
The effect of indacaterol/glycopyrronium versus tiotropium or salmet-
erol/fluticasone on the prevention of clinically important deterioration in 
COPD. Int J Chron Obstruct Pulmon Dis. 2017;12:1325–37.

	19.	 Greulich T, Kostikas K, Gaga M, Aalamian-Mattheis M, Lossi NS, Patalano F, 
et al. Indacaterol/glycopyrronium reduces the risk of clinically important 
deterioration after direct switch from baseline therapies in patients with 
moderate COPD: a post hoc analysis of the CRYSTAL study. Int J Chron 
Obstruct Pulmon Dis. 2018;13:1229–37.

	20.	 Singh D, D’Urzo AD, Chuecos F, Muñoz A, Garcia Gil E. Reduction in clini-
cally important deterioration in chronic obstructive pulmonary disease 
with aclidinium/formoterol. Respir Res. 2017;18(1):106.

	21.	 Halpin DM, Tashkin DP. Defining disease modification in chronic obstruc-
tive pulmonary disease. COPD. 2009;6(3):211–25.

	22.	 Nagai K, Makita H, Suzuki M, Shimizu K, Konno S, Ito YM, et al. Differential 
changes in quality of life components over 5 years in chronic obstruc-
tive pulmonary disease patients. Int J Chron Obstruct Pulmon Dis. 
2015;10:745–57.

	23.	 Celli BR, Thomas NE, Anderson JA, Ferguson GT, Jenkins CR, Jones PW, 
et al. Effect of pharmacotherapy on rate of decline of lung function in 
chronic obstructive pulmonary disease: results from the TORCH study. 
Am J Respir Crit Care Med. 2008;178(4):332–8.

	24.	 Singh D, Criner GJ, Naya I, Jones PW, Tombs L, Lipson DA, et al. Measuring 
disease activity in COPD: is clinically important deterioration the answer? 
Respir Res. 2020;21(1):134.

	25.	 Rabe KF, Halpin DMG, Han MK, Miravitlles M, Singh D, Grönke L, et al. 
Composite endpoints in COPD: clinically important deterioration in the 
UPLIFT trial. Respir Res. 2020;21(1):177.

	26.	 Naya I, Compton C, Ismaila AS, Birk R, Brealey N, Tabberer M, et al. Prevent-
ing clinically important deterioration with single-inhaler triple therapy in 
COPD. ERJ Open Res. 2018;4(4).

	27.	 Kato M, Tomii K, Hashimoto K, Nezu Y, Ishii T, Jones CE, et al. The IMPACT 
Study - Single Inhaler Triple Therapy (FF/UMEC/VI) Versus FF/VI And 
UMEC/VI In Patients With COPD: Efficacy And Safety In A Japanese Popu-
lation. Int J Chron Obstruct Pulmon Dis. 2019;14: 2849–61.

	28.	 Ichinose M, Nishimura M, Akimoto M, Kurotori Y, Zhao Y, de la Hoz A, et al. 
Tiotropium/olodaterol versus tiotropium in Japanese patients with COPD: 
results from the DYNAGITO study. Int J Chron Obstruct Pulmon Dis. 
2018;13:2147–56.

	29.	 Hurst JR, Vestbo J, Anzueto A, Locantore N, Müllerova H, Tal-Singer R, et al. 
Susceptibility to exacerbation in chronic obstructive pulmonary disease. 
N Engl J Med 2010;363(12):1128–38.

	30.	 Yamamoto M, Konno S, Makita H, Nitta K, Shimizu K, Suzuki M, et al. 
Factors for the variability of three acceptable maximal expiratory flow-
volume curves in chronic obstructive pulmonary disease. Int J Chron 
Obstruct Pulmon Dis. 2021;16:415–22.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://goldcopd.org

	One‐year clinically important deterioration and long‐term clinical course in japanese patients with COPD: a multicenter observational cohort study
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Study protocol and participants
	Definitions and assessments of CID
	Statistical analysis

	Results
	Discussion
	Conclusions
	Acknowledgements
	References


