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Background: Triple combination therapy involving long-acting muscarinic antagonists 

long-acting β
2
 agonists, and inhaled corticosteroids has recently become an option for 

maintenance treatment of COPD. Some add-on clinical trials have reported the benefits of 

these combinations. However, the process to step up to triple therapy varies for individual 

cases.

Methods: Keio University and affiliated hospitals conducted an observational COPD cohort 

study, recruiting patients diagnosed as having COPD by pulmonary physicians and those 

referred for investigation of possible COPD. Their prescription history and clinical course were 

retrospectively analyzed based on the physicians’ medical records and patient questionnaires. 

This study was registered with UMIN (UMIN000003470, April 10, 2010).

Results: A total of 95 of the 445 COPD patients (21%) were treated with inhaled corticosteroids/

long-acting β
2
 agonists/long-acting muscarinic antagonists as maintenance therapy, including 

12 in COPD Grade I, 31 in Grade II, 38 in Grade III, and 14 in Grade IV, based on the Global 

Initiative for Chronic Obstructive Lung Disease spirometric grading. For more than half of the 

patients on triple therapy, the treatment had been intensified due to unsatisfactory improvement 

of symptoms, and 32% were treated with triple therapy due to comorbid asthma. In contrast, there 

were COPD patients whose therapy was maintained after starting with triple therapy because 

of their serious conditions or concurrent exacerbation at diagnosis (8%).

Conclusion: Triple therapy was often prescribed in the real-life management of COPD, even 

in patients whose airflow limitation was not severe. To better control symptoms was the major 

reason for choosing triple therapy, regardless of the severity of COPD, in Japan.

Keywords: chronic obstructive pulmonary disease, inhaled corticosteroids, long-acting mus-

carinic antagonists, long-acting β
2
 agonists, triple therapy

Introduction
COPD is a prominent cause of disability and death worldwide, and the goals of 

pharmacologic therapy for COPD are to control symptoms, improve health status, 

and reduce the frequency of exacerbations, as suggested by the Global initiative for 

chronic Obstructive Lung Disease (GOLD), updated 2011.1 Most diagnosed patients 

are started on monotherapy involving bronchodilators such as long-acting muscarinic 

antagonists (LAMAs) or long-acting β
2
 agonists (LABAs). Current guidelines provide 

recommendations concerning stepwise intensification of therapy with combined use of 

long-acting bronchodilators and inhaled corticosteroids (ICS) to optimize outcomes in 

patients with inadequate control on monotherapy, but do not address “stepping down” 

therapy in COPD.1 It has been demonstrated that, in some patients, triple therapy, 

which adds an anticholinergic to an ICS and LABA, has been associated with greater 

improvements in lung function and quality of life and reduced rates of hospitalization 
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compared with anticholinergic therapy alone.2–6 Chatterjee 

et al reported a retrospective observational study showing 

that triple therapy with a fluticasone–salmeterol combination 

added to tiotropium compared with tiotropium monotherapy 

was associated with significant reductions in the adjusted 

risks of moderate exacerbation and any exacerbation over 

a follow-up period of up to 1 year.7 According to a recent 

systematic review including 20 trials (6,803 participants), 

triple therapy seemed to be the most promising for patients 

with moderate to very severe COPD.8 While the efficacy 

and tolerability of triple therapy have been evaluated in 

many clinical trials, it is important to know the process of 

getting to triple therapy and the reasons why pulmonary 

physicians choose triple therapy for individual patients in 

real-world clinical practice.9 Therefore, the proportion of 

patients on triple therapy was analyzed, and the reasons for 

combining three drugs were retrospectively investigated in 

a well-characterized cohort study in Japan.

Methods
study population
This was part of a prospective observational study investigat-

ing the management of COPD, the Keio COPD Comorbidity 

Research (K-CCR).10,11 A total of 572 subjects were recruited 

at Keio University Hospital and its affiliated hospitals between 

April 2010 and December 2012, including patients who had 

been diagnosed as having COPD by pulmonary physicians and 

patients referred for investigation of possible COPD based on 

their symptoms and/or presence of emphysematous changes 

on computed tomography (CT). Patients with a history of lung 

resection surgery or other serious, uncontrolled diseases likely 

to interfere with the study were excluded. For the purpose of 

this study, only patients with spirometrically confirmed COPD 

(n=445) were analyzed. All patients were clinically stable and 

without exacerbations for at least 1 month prior to the study. 

All questionnaires were completed at home in the stable state. 

At enrollment and 1 year later, a full medical and smoking 

history and information about current pharmacological treat-

ment were obtained. The protocol was approved by the ethics 

committee of Keio University School of Medicine on July 29, 

2009 (No 20090008) and its affiliated hospitals listed in the 

acknowledgments section, and written informed consent was 

obtained from each patient.

assessment of health-related quality  
of life
Patients were asked to complete COPD Assessment Test 

(CAT) questionnaires at home in the stable state. The CAT 

questionnaire had eight items, covering cough, phlegm, 

chest tightness, breathlessness, activity limitation, confi-

dence, sleep, and energy.12 It has been successfully trans-

lated into Japanese, and its validity was evaluated in our 

previous study.10

evaluation of emphysema on CT scan
Quantitative CT analyses of emphysema were performed in 

291 patients with COPD, as previously reported.11 Briefly, 

low-attenuation areas (LAAs) were determined using a 

threshold level of -950 HU on a Discovery CT 750HD CT 

system (GE Healthcare, Tokyo, Japan), or the threshold on 

each model of CT scanner was adjusted using a CT scanner 

test object, and its percentage relative to the entire lung area 

(LAA%) was calculated using the workstation Lexus 64® 

(AZE Ltd., Tokyo, Japan).

statistical analysis
Data are presented as mean ± standard deviation (SD). The 

frequencies were compared among four groups of airflow 

obstruction by Kruskal–Wallis and Mann–Whitney U-tests 

with the Bonferroni correction. In these multiple com-

parisons, P,0.0083 was considered significant. Analysis of 

variance and the Tukey–Kramer HSD (honestly significant 

difference) test were performed to compare mean values of 

the number of drugs among the four groups. The Jonckheere–

Terpstra test was used to examine trends for the four groups 

of subjects according to the therapy and the extent of emphy-

sema. P-values less than 0.05 were considered significant in 

these analyses. All data were analyzed using JMP version 

9.0.2 for Windows.

Results
Characteristics of the patient population
A total of 445 eligible patients (COPD Grade I–IV: 93, 205,  

114, and 33, respectively) were the subjects for this analysis. 

Table 1 shows the characteristics of the patient population 

according to the GOLD spirometric grading. Of the 445 patients, 

95 were treated with ICS/LABA/LAMA as maintenance therapy 

at the time of study entry. The proportions of patients on the 

various treatment options are listed in Table 2.

Proportion of patients on triple therapy
Table 3 shows the numbers of patients on no therapy, single 

therapy, double therapy, and triple therapy by each GOLD 

spirometric grade of COPD patients. Even in patients with-

out severe airflow limitation, 13% in Grade I and 15% in 

Grade II were on triple therapy, although the proportion of 
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patients on triple therapy became higher as the grades became 

higher (P,0.01). A total of 95 COPD patients were on triple 

therapy, of which only seven (7%) started their COPD treat-

ment with triple therapy, and the others had been treated with 

LABA/LAMA (27%), LAMA (27%), ICS/LABA (21%), 

or ICS/LAMA (10%) prior to the step up to triple therapy. 

One year after enrollment, triple therapy was continued for 

76 (80%) of the patients. On the other hand, reasons for step  

down to LABA/LAMA for four (4%), LAMA one (1%), 

ICS/LABA five (5%), LABA two (2%), or none for two 

(2%) varied, including adverse effects of ICS in four patients 

(cough, hoarseness, nausea, and respiratory infection) and of 

LAMA in four patients (difficulty with urination).

reasons for step up to triple therapy
The information concerning the reasons for triple therapy was 

obtained by reviewing medical records. The reasons were clas-

sified into six groups: 1) added due to unsatisfactory improve-

ment in shortness of breath with single or double therapy;  

2) added due to unsatisfactory improvement in cough/sputum 

with single or double therapy; 3) addition of LAMA because 

of newly diagnosed COPD during the course of asthma treat-

ment; 4) addition of ICS/LABA due to likely comorbid asthma 

during the course of COPD treatment with LAMA; 5) sus-

tained use after starting with triple therapy because of severe 

symptoms and/or exacerbation on diagnosis; and 6) others. As 

shown in Figure 1, the reasons for starting triple therapy var-

ied. For more than half of the patients, the treatment had been 

added because of unsatisfactory improvement of symptoms, 

including shortness of breath and cough/sputum, regardless 

of the levels of airflow limitation. Comorbid asthma was one 

of the non-negligible reasons for triple therapy. Among the 

patients on triple therapy, in 17% of COPD Grade I, 10% of 

Grade II, 21% of Grade III, and 14% of Grade IV patients, 

LAMA was subsequently added based on newly diagnosed 

COPD following asthma treated with ICS/LABA. On the 

other hand, for 17% of COPD Grade I, 13% of Grade II, 18% 

of Grade III, and 14% of Grade IV patients, ICS/LABA was 

added because the clinical feature of comorbid asthma was 

later recognized during the course of COPD treatment with 

LAMA. In contrast to these stepwise increases, there were 

patients whose initial treatment was triple therapy because 

of their serious conditions or concurrent exacerbation on 

diagnosis of COPD (0% of COPD Grade I, 3% of Grade II, 

16% of Grade III, and 7% of Grade IV).

relationships of the CaT score and  
the number of drugs
The above findings suggested that a major reason for triple 

therapy in clinical practice was unsatisfactory improvement 

Table 1 Characteristics of the study populations

Grade I Grade II Grade III Grade IV P-value

number (%) 93 (21) 205 (46) 114 (26) 33 (7)
Female (%) 11 (12) 20 (10) 5 (4) 2 (6)
age, years 71.6±8.1 72.8±8.4 72.8±7.7 72.3±7.9 ns
smoking index, pack-years 53.0±31.5 53.7±27.6* 63.9±31.2 54.0±28.0 0.02
Current smokers (%) 9 (10) 30 (15) 15 (13) 4 (13) ns
BMI, kg/m2 22.9±2.9*,# 22.9±3.2*,# 21.7±3.5# 19.9±2.9 ,0.0001
FeV1/FVC (%) 63.3±4.9 55.4±8.2 41.1±9.3 32.8±8.1 ,0.0001
FeV1, ml 2,379±453 1,720±400 1,069±224 633±120 ,0.0001
%FeV1 91.2±9.7 65.3±8 40.4±6 24.2±3.2 ,0.0001

Notes: Data are presented as mean ± standard deviation. *P,0.05 vs grade III, #P,0.05 vs grade IV.
Abbreviations: BMI, body mass index; FeV1, forced expiratory volume in 1 second; FVC, forced vital capacity; ns, not significant.

Table 2 Breakdown of drugs in single, double, or triple therapy

Number  
of drugs

Breakdown  
of drugs

Number of  
patients (%)

none 114 (26)
single ICs

laBa
laMa

5 (1)
19 (4)
123 (28)

Double ICs/laBa
laBa/laMa
ICs/laMa

46 (10)
39 (9)
4 (1)

Triple ICs/laBa/laMa 95 (21)

Abbreviations: ICs, inhaled corticosteroids; laBa, long-acting β2 agonist; laMa, 
long-acting muscarinic antagonist.

Table 3 number of patients on none, single, double, or triple 
therapy in the groups based on gOlD spirometric grading

Grade I Grade II Grade III Grade IV

none (%) 38 (41) 51 (25) 10 (9) 4 (11)
single (%) 36 (39) 77 (38) 33 (29) 1 (3)
Double (%) 7 (7) 46 (22) 33 (29) 14 (43)
Triple (%) 12 (13) 31 (15) 38 (33) 14 (43)

Abbreviation: gOlD, global initiative for chronic Obstructive lung Disease.
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of symptoms. Therefore, whether COPD-related quality of 

life was related to the number of drugs used (ie, none, single, 

double, or triple) was evaluated. In patients with moderate 

airflow limitation (GOLD Grade II), the CAT score increased 

significantly as the number of drugs increased (Figure 2).  

The CAT score did not differ by the number of drugs in the 

other GOLD grades (data not shown). The CAT score was 

obtained from 89 (96% in Grade I), 197 (96% in Grade II), 

104 (91% in Grade III), and 27 patients (82% in Grade IV).

The frequency of triple therapy according 
to the 2011 GOLD classification
Because the frequency of COPD exacerbations was not 

recorded prior to enrollment in the present study, future risk 

was assessed only by the GOLD spirometric classification. 

Based on the extent of airflow limitation and CAT scores, 

there were 129 (31%), 157 (38%), 41 (10%), and 90 (22%) 

patients in GOLD A (% forced expiratory volume in 1 second 

[%FEV
1
] $50% and CAT ,10), GOLD B (%FEV

1
 $50%  

and CAT $10) ,  GOLD C (%FEV
1
 ,50% and  

CAT ,10), and GOLD D (%FEV
1
 ,50% and CAT $10) 

groups, respectively. The frequency of triple therapy was 

higher in the GOLD D group than in the GOLD A group 

(37% vs 9%) (Figure 3).

The frequency of triple therapy according 
to the severity of emphysema
Quantitative analysis of emphysema on CT was performed 

for 291 COPD patients, and they were classified into no 

(LAA% ,10, n=121, 42%), mild (10# LAA% ,20, n=70, 

24%), moderate (20# LAA% ,30, n=52, 18%), and severe 

emphysema (LAA% $30, n=48, 16%). The frequency of 

triple therapy was higher according to the severity of emphy-

sema (Figure 4, P,0.01).

Discussion
The present retrospective analysis showed that 95 of 445 

COPD patients (21%) were treated with ICS/LABA/LAMA 

as maintenance therapy in the K-CCR cohort at the time 

Figure 1 reasons for triple therapy in gOlD grade I, grade II, grade III, and 
grade IV.
Notes: a) added due to unsatisfactory improvement in shortness of breath with 
single or double therapy; b) added due to unsatisfactory improvement in cough/
sputum with single or double therapy; c) addition of laMa because of newly 
diagnosed COPD during the course of asthma treatment; d) addition of ICs/laBa 
due to likely comorbid asthma during the course of COPD treatment with laMa; 
e) sustained use after starting with triple therapy because of severe symptoms and/
or exacerbation on diagnosis; and f) others.
Abbreviations: gOlD, global initiative for chronic Obstructive lung Disease; 
laMa, long-acting muscarinic antagonist; COPD, chronic obstructive pulmonary 
disease; ICs, inhaled corticosteroids; laBa, long-acting β2 agonist.

Figure 2 Comparison of CaT scores in gOlD grade II patients according to the 
number of inhaled medications.
Notes: Data are presented as mean ± standard deviation. The CaT score increases 
significantly as the number of drugs increases (P,0.05).
Abbreviations: CaT, COPD assessment Test; gOlD, global initiative for chronic 
Obstructive lung Disease.
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of enrollment. The track record for inhaled medications in 

those patients had been variable, but the treatment had been 

intensified during the course of disease due to unsatisfactory 

improvement of their symptoms on preceding therapy for 

more than half of the patients who were on triple therapy. 

In other words, COPD symptom-based management was rou-

tinely performed in real-world clinical practice in Japan.

In this study, CAT scores increased significantly as the 

number of drugs increased within the same degree of airflow 

limitation (GOLD Grade II). The frequency of triple therapy 

was the highest in the GOLD D group (37%), for which triple 

therapy was included among the first choice options in the 

GOLD guideline, but there were a number of patients on 

triple therapy even in the GOLD A (9%), B (28%), and C 

(21%) groups. Wurst et al recently reported that a percentage 

of COPD patients (23%) similar to the present study (21%) 

were treated with triple therapy at the time of diagnosis of 

COPD in primary care settings in the United Kingdom.13 

They also stated that 46% of patients treated with LABA or 

LAMA progressed to triple therapy within 2 years after the 

diagnosis, while more than half of the patients who started 

with triple therapy stepped down to ICS/LABA (25%) and 

LAMA (31%). In the present study, 80% of patients on triple 

therapy at enrollment remained on triple therapy 1 year 

later in clinical practice in Japan. Price et al also reported 

that 24% of COPD patients were on triple therapy in the 

United Kingdom primary care setting.14 They demonstrated 

that patients on triple therapy had relatively higher frequen-

cies of exacerbations and CAT scores than those on single 

or double therapy based on electronic patient records and 

patient-completed questionnaires. Koblizek et al reported 

that despite the high awareness of the GOLD 2011 strategy 

among Czech COPD specialists, its real-life implementation 

was rather insufficient.15 They claimed that 15.5% of COPD 

patients received ICS unnecessarily, and in 12.2% of cases, 

ICS was omitted contrary to the guideline recommendations. 

Among the COPD subjects enrolled in the COPDGene Study, 

subjects who were on triple therapy had the highest frequen-

cies of exacerbations and severe exacerbations compared to 

others.16 The present study found that the frequency of triple 

therapy increased with increasing severity of emphysema, 

which was consistent with the results of the COPDGene 

Study.16 Taken together, the number of medications may 

identify a more severe phenotype of COPD that is highly 

susceptible to exacerbations and/or is highly symptomatic. 

On the other hand, it has also been reported that, in patients 

with severe COPD receiving tiotropium plus salmeterol, the 

risk of moderate or severe exacerbations was similar among 

those who discontinued inhaled glucocorticoids and those 

who continued glucocorticoid therapy, suggesting that the 

withdrawal of glucocorticoids from triple therapy does not 

result in an increased risk of exacerbation.17

It should be noted that in the present study, another 

major reason for triple therapy was the presence of comorbid 

asthma. Although the differential diagnosis between asthma 

and COPD has been sufficiently stressed, the distinction 

between chronic asthma and COPD might not always be 

clear in some patients, even for pulmonary physicians. 

A recent New Zealand study reported that asthma was the 

predominant COPD phenotype.18 However, COPD patients 

with an asthmatic phenotype and fixed airway obstruction 

have a pulmonary function pattern that differs from that of 

Figure 3 Comparison of the frequency of triple therapy using the gOlD 2011 
classification.
Notes: The frequency is 9% in gOlD a (%FeV1 $50% and CaT ,10), 28% 
in gOlD B (%FeV1 $50% and CaT $10), 21% in gOlD C (%FeV1 ,50% and 
CaT ,10), and 37% in gOlD D (%FeV1 ,50% and CaT $10). The frequency is 
higher in gOlD D than in gOlD a (P,0.001).
Abbreviations: gOlD, global initiative for chronic Obstructive lung Disease; 
FeV1, forced expiratory volume in 1 second; CaT, COPD assessment Test.

Figure 4 Comparison of the frequency of triple therapy among the groups divided 
by laa% on quantitative CT analysis.
Notes: no emphysema (laa% ,10, n=121), mild emphysema (10# laa% ,20, 
n=70), moderate emphysema (20# laa% ,30, n=52), and severe emphysema 
(laa% $30, n=48). The frequency becomes significantly higher as the severity of 
emphysema increases (P,0.01).
Abbreviations: laa, low-attenuation area; CT, computed tomography.
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classic COPD patients.19 Nishimura et al suggested that only 

14% of COPD patients were treated with ICS in Japan when 

asthma was clinically excluded.20 Percentages of patients on 

ICS therapy were 34%, 69%, 60%, and 50% in the present, 

Wurst’s,13 Price’s,14 and Koblizek’s15 studies, respectively. 

Frequencies of concomitant asthma were 20%, 44%, 28%, 

and 0%, respectively, in the four studies, ie, patients with 

asthma were excluded in Koblizek’s study. These results 

may imply that more COPD patients are treated with ICS 

in the United Kingdom and the Czech Republic than in 

Japan, regardless of the presence or absence of comorbid 

asthma. These differences may be attributed to different 

phenotypes of COPD, including asthma COPD overlap 

syndrome,21 frequency of exacerbations,22 and response to 

ICS, in different ethnic groups. In addition, adverse effects 

of ICS should also be considered. Four patients on triple 

therapy failed to continue ICS due to cough, hoarseness, 

nausea, and respiratory infection in the present study. Pneu-

monia, diabetes, osteoporosis, and cataract are known to be 

increased by ICS as well.23

The results of the present study must be interpreted within 

the context of its potential limitations. The first is that the 

population of this study was not the result of an epidemiologi-

cal design, but only represented patients who were routinely 

followed by or referred to the University hospital or its affili-

ated hospitals in the Tokyo area and agreed to voluntarily 

participate in the study. Nevertheless, the population was 

quite large (445 COPD patients) and very similar in its char-

acteristics to COPD patients reported in other cohort studies 

conducted in other areas of Japan.24,25 We also consider the 

present data reliable since they were collected both from 

the records of pulmonary physicians and from information 

provided by the patients. The second limitation was the fact 

that whether the patients were actually taking the prescribed 

medications was not ascertained. Considering the old age of 

the study population, the monitoring of usage should be taken 

into account. Third, as previously mentioned, data were col-

lected retrospectively, and it was not feasible to objectively 

evaluate the benefit of triple therapy in clinical settings. There 

should have also been some reasons for pulmonary physicians 

not to choose triple therapy, such as the anticipated adverse 

effects or burden of cost for the patients. A new prospective 

study is needed to help physicians guide not only the prescrip-

tion, but also the withdrawal of triple therapy in controlling 

symptoms for stable COPD patients. This observational study 

has thereafter motivated us to conduct a prospective study 

to understand how effective triple therapy is in controlling 

symptoms when compared with other treatment strategies in 

stable COPD patients in Japan.26

Conclusion
Better control of symptoms (in more than half of the cases), 

and the presence of comorbid asthma (in about one-third of 

the cases) were the major reasons for choosing triple therapy 

regardless of the severity of airflow limitation in clinical 

practice in Japan.
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