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Purpose: Triple therapy versus dual therapy for chronic pulmonary obstructive disease 
(COPD) can reduce symptoms, limit the risk of acute exacerbations (AEs) as well as improve 
lung function. Currently, studies that feature clinically important deterioration (CID) as 
a composite endpoint to assess the need for treatment intensification for patients maintained 
on dual therapy remained to be scarce.
Patients and Methods: This study is a retrospective analysis (January 2014 to 
January 2018) of COPD patients that presented with moderate to severe AEs during the 
previous year with blood eosinophil counts ≥ 100 cells/μL. The first line of therapy included 
a combination of inhaled corticosteroid (ICS) and a long-acting β2 agonist (LABA). 
Composite CID was used in assessing the response to treatment after 24 weeks of therapy.
Results: This study included 110 patients, of which 49 patients reportedly experienced CID. 
The most common events of CID include a decline in forced expiratory volume in 1 second 
(FEV1) ≥ 100 mL from baseline (25/49, 51%) and an increase in COPD Assessment Test 
(CAT) scores ≥ 2 (13/49, 26.5%); many of these patients respond to the addition of a long- 
acting muscarinic antagonist (LAMA). Seven patients (7/110, 6.3%) experienced moderate to 
severe exacerbations while undergoing treatment with ICS/LABA. Univariate and multi-
variate analyses have identified low baseline FEV1 (OR = 0.81, p = 0.004), high CAT score 
(OR = 1.89, p = 0.004), and the frequency of AE (OR = 19.86, p = 0.021) as independent 
predictors of CID. A baseline FEV1 of ≤42%, an initial CAT score ≥ 18, and AE ≥ 2 last year 
were considered the optimal cut-off values, which were identified via receiver operating 
characteristics (ROC) curve analysis.
Conclusion: Triple therapy (ICS/LABAs/LAMAs) may be considered as first-line treatment 
in patients experiencing more than 2 times moderate to severe AEs of COPD in the 
previous year and who have blood eosinophil counts ≥100 cells/μL, reduced lung function 
(FEV1 ≤ 42%), and more symptoms (CAT score ≥ 18).
Keywords: inhaled corticosteroid, ICS, long-acting muscarinic antagonist, LAMA, long- 
acting β2 agonist, LABA, triple therapy, chronic pulmonary obstructive disease, COPD, 
clinically important deterioration, CID

Introduction
According to the 2020 Global Initiative for Chronic Obstructive Lung Disease 
(GOLD) report,1 pharmacological treatment for chronic pulmonary obstructive 
disease (COPD) should focus on a stepwise approach, with the goal of controlling 
symptoms and reducing exacerbations. The use of triple therapy that includes an 
inhaled corticosteroid (ICS), a long-acting muscarinic antagonist (LAMA), and 
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a long-acting β2 agonist (LABA) had been suggested as 
a treatment escalation strategy.2 Several pivotal studies 
have reported that triple inhalation therapy can reduce 
the risk of exacerbations and limit symptoms, as well as 
improve lung function and quality of life over that 
observed in response to dual bronchodilator and ICS/ 
LABA combination therapy.3–7 Triple drug combinations 
can be administered using a single inhalation device; alter-
natively, patients may use one of two sets of devices that 
deliver ICS/LABA and LAMA or LABA/LAMA and ICS.

Long-acting bronchodilator combinations (LAMA/ 
LABA) have been identified as the initial drugs of choice 
for patients with more severe dyspnea, airflow obstruction, 
and hyperinflation.1,8,9 Likewise, the combination of ICS 
and LABA was considered to be a reasonable initial man-
agement strategy for subjects with a history of asthma or 
hospitalization for exacerbation of COPD, at least one 
exacerbations of COPD, and an elevated blood eosinophil 
counts (≥100 cells/μL) based on GOLD 2020.1,10 

Meanwhile, inhaled triple therapy was reserved for 
patients with persistent symptoms and repeated exacerba-
tions while undergoing dual bronchodilator (LABA/ 
LAMA) or ICS/LABA combination therapy.1,11 A recent 
study revealed that ~50% of patients with COPD were 
escalating to triple therapy within 3 years of diagnosis.12 

However, there was no evidence from randomized clinical 
trials that focused on the appropriate use of triple therapy 
as a potential first-line treatment.

Moreover, the use of a single individual measure such 
as forced expiratory volume in 1 second (FEV1), symptom 
scores, or AEs is clearly insufficient to effectively monitor 
COPD progression.13,14 COPD has been identified as 
a heterogeneous and multifactorial disease that might 
also be monitored using patient-reported outcomes, includ-
ing decline in health status, changes in physical activity, 
and the frequency of COPD exacerbations.15 In order to 
meet this important need, the clinically important dete-
rioration (CID) composite endpoint was developed by 
Mahler and Criner in 2007.16 A post hoc analysis of data 
from both the TORCH and ECLIPSE studies has revealed 
that a short-term (6 months) composite CID score is able 
to predict poorer long-term outcomes compared to any 
single CID component alone.17 The composite CID may 
be used to identify high-risk patients who would benefit 
from additional therapy, but who may have been pre-
viously regarded as low risk based on FEV1 or the absence 
of exacerbations alone.18 As such, early identification of 
these patients might be able to facilitate appropriate 

intensification of treatment, which in turn may limit the 
risk of clinical deterioration. The use of the CID composite 
endpoint as a prognostic measurement might also facilitate 
critical reductions in the size and/or length of time 
required to perform a meaningful clinical trial.

However, at this time, there are only very few studies 
providing real-world evidence with regard to the application 
of CID endpoints as a means to assess the potential benefit of 
intensified therapy for patients with COPD. Thus, the purpose 
of this study was to identify the clinical characteristics that 
predict CID in patients with moderate to severe COPD after 6 
months of ICS/LABA combination treatment. Taken together, 
these results further suggest that inhaled triple (ICS/LABA/ 
LAMA) therapy might be considered as the first-line treat-
ment in a subset of these patients in order to prevent CID.

Patients and Methods
We conducted a retrospective study at the Division of 
Pulmonary and Critical Care Medicine, China Medical 
University Hospital, Taichung, Taiwan, from 
January 2014 to January 2018. The study (CMUH108- 
REC3-119) was able to secure approval from the China 
Medical University Hospital Institutional Review Board 
and informed consent was waived due to the observational 
and retrospective design. The data were anonymized or 
maintained with confidentiality.

Patients and Data Collection
Patients were considered eligible for this study if they met the 
following criteria: (1) age >40 years; (2) diagnosis of COPD 
based on the comprehensive clinical symptoms (cough, spu-
tum production, and dyspnea on exertion) assessment using 
measures such as the COPD Assessment Test (CAT) and 
Modified British Medical Research Council (mMRC) ques-
tionnaire, spirometry (the presence of a post-bronchodilator 
FEV1/FVC < 0.7) confirms the presence of persistent air- 
flow limitation, and a history of cigarette smoking exposure; 
(3) a documented history of exacerbation of the event as 
a medical record of worsening symptoms that required sys-
temic or oral corticosteroids and/or antibiotics (for 
a moderate exacerbation) or hospitalization (for a severe 
exacerbation) during the 12-month period prior to screening; 
(4) patients with absolute eosinophil counts at or above 100 
cells/μL; and (5) undergoing treatment with ICS/LABA dual 
combination therapy (FF/VI 100 μg/25 μg via a Relvar 
ElliptaTM; BD/FF 160 μg/4.5 μg via a Symbicort 
TurbuhalerTM or RapihalerTM; FP/SAL 250 μg/50 μg via 
a Seretide AccuhalerTM or EvohalerTM; BDP/FF 100 μg/6 
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μg via a Foster NEXThalerTM or metered dose inhaler) as 
a first-line therapy for COPD according to the GOLD guide-
lines. Patients with blood eosinophil counts less than 100 
cells/μL, or those without acute exacerbation last year despite 
blood eosinophil counts greater than 100 cells/μL, or the 
duration of treatment with ICS/LABA less than 3 months, 
and insufficient data for analysis were excluded (Figure 1). 
All patients participated in healthcare case management sys-
tem as a management system result into improved patient 
health outcomes and into healthcare quality.

Treatment Assessment
The CID composite endpoint was developed to be able to 
assess the likelihood of clinical deterioration; this method 
includes the detection of early declines in FEV1, health status 
assessed using the St. George’s Respiratory Questionnaire 
(SGRQ), and the presence of exacerbations.19 However, the 
SGRQ is a very complicated and time-consuming measure; 

as such, the use of a simpler measure of health status such as 
COPD Assessment Test (CAT) could be advantageous.20,21 

In this current study, we used CAT scores in place of the 
SGRQ to determine the composite CID.

The composite CID was used to assess disease status 
and treatment responses after 24 weeks of treatment with 
ICS/LABA. Parameters evaluated include the incidence of 
moderate or severe exacerbations, trough FEV1, and CAT 
scores. CID was identified using any one of the following 
responses: (1) decrease of ≥100 mL from baseline in 
trough FEV1; (2) deterioration (≥2 units) from baseline 
in CAT score; and (3) a single moderate or severe 
exacerbation.18

The patients in this study were then divided into two 
groups based on CID status (positive vs negative) at 24 
weeks. Clinical data collected included age, sex, body 
height (BH), body weight (BW), body mass index 
(BMI), smoking status, history of asthma and asthma 

Figure 1 Flow diagram of patients meeting the eligibility criteria.
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control measures, pulmonary function tests (PFTs), CAT 
scores, modified Medical Research Council (mMRC) 
scores, acute exacerbation last year, the GOLD “ABCD” 
groups, absolute eosinophil counts, and treatment history 
with ICS/LABA. The GOLD “ABCD” groups are derived 
exclusively from patient symptoms and their history of 
exacerbation. (Group A: one or fewer exacerbation 
per year no hospitalization, mMRC 0–1, CAT less than 
10; Group B: one or fewer exacerbation per year no 
hospitalization, mMRC 2 or higher, CAT 10 or higher; 
Group C: two or more exacerbation per year one or more 
exacerbation with hospitalization, mMRC 0–1, CAT less 
than 10; Group D: two or more exacerbation per year one 
or more exacerbation with hospitalization, mMRC 2 or 
higher, CAT 10 or higher).1

Statistical Analysis
Data were compiled and analyzed using commercial sta-
tistical software MedCalc version 15.6.1 (MedCalc, 
Mariakerke, Belgium). All continuous variables were 
reported as mean with standard deviation or median and 
interquartile range (IQR; 25th and 75th percentiles). 
Differences in continuous variables were compared using 
the independent t-tests or Kruskal–Wallis tests. 
Meanwhile, categorical variables were reported as the 
number of patients and percentages. Differences in cate-
gorical variables were examined using the F-test or chi- 
square test. Univariate and multivariate logistic regression 
analyses were used in identifying independent predictors 
among patients with CID. All tests of significance were 
two-tailed, and a p-value ≤ 0.05 was considered to be 
statistically significant. Receiver operating characteristics 
(ROC) curve was used to determine the optimal cut-off 
values of clinical predictors of CID.

Results
In total, 110 patients were enrolled in this study, including 
49 patients that experienced events associated with CID. 
The most common CID-associated events in our patient 
cohort were as follows: decline in trough FEV1 ≥ 100 mL 
from baseline (25/49, 51%) and deterioration in CAT 
scores by ≥2 units (13/49, 26.5%). Four patients (4/49, 
8.2%) were observed to have experienced two CID- 
associated events, whereas seven patients (7/49, 14.3%) 
reportedly experienced a moderate or severe exacerbation 
during the 24 weeks on ICS/LABA combination treatment 
(Figure 2). The FEV1s of the patients in the CID(+) group 
(n = 49) decreased by 105 mL (p < 0.001). By contrast, the 

FEV1s of those in the CID(−) group (n = 61) have 
increased significantly in response to ICS/LABA (by 
85 mL; p < 0.001). The CAT scores of the patients in the 
CID(+) group also increased significantly (≥2 units; p < 
0.001), while those assessed in patients in the CID(−) 
group underwent a significant decrease (1.5 units; p < 
0.001) after 24 weeks of ICS/LABA combination therapy. 
Among the 49 CID(+) patients, 41 patients were treated 
with LAMAs (triple therapy), in addition to ongoing ICS/ 
LABA combination; as per our findings, the FEV1s of 
these patients underwent significant increases (by 
130 mL) in response to the addition of a LAMA (p < 
0.001). The CAT scores of these patients decreased sig-
nificantly (by 5 units) upon introduction of triple combina-
tion therapy (p < 0.001; Figure 3). Table 1 includes the 
baseline characteristics of all patients in both the CID(+) 
and CID(−) groups. The baseline FEV1/FVC (%), FEV1 
(%), and FEV1 (L) values of those in the CID(+) group 
were determined to be significantly lower than those 
reported for the CID(−) group, at 52.2% vs 58.3% (p < 
0.001), 39.8% vs 59.5% (p < 0.001), and 0.91 L vs 1.42 
L (p < 0.001), respectively. The RV/TLC (%) calculated 
for patients in the CID(+) group were also identified to be 
significantly higher than those in the CID(−) group, at 
72.5% vs 65.0% (p < 0.001). The patients in the CID(+) 
group had higher CAT and mMRC scores than did those in 
the CID(−) group, at 26 vs 12 (p < 0.001) and 3 vs 2 (p < 
0.001), respectively. The numbers of patients with AE ≥ 2 
last year in the CID(+) group were significantly higher 
than those in CID (-) group, at 65.3% vs 21.3% (p < 
0.001). The GOLD “ABCD” groups between these two 
groups were significantly different (p = 0.002). The pro-
portion of patients treated with different ICS/LABA for-
mulations was found to be similar in a comparison 
between the two groups (p = 0.814). After 24 weeks of 
ICS/LABA combination treatment, the FEV1s of patients 
in the CID(+) group have remained to be significantly 
lower than those in patients in the CID(−) group, at 0.82 
L vs 1.52 L (p < 0.001). Similarly, the CAT scores in the 
CID(+) group have also remained significantly higher than 
those of the CID(−) group, at 28 vs 11 (p < 0.001). As per 
current GOLD strategy, a larger fraction of the patients in 
Group D have reportedly experienced CID-associated 
events than was observed among patients in Groups A, 
B, or C, at 74.1% vs 22.2%, 40.4%, or 25%, respectively 
(p = 0.002; Table 1; Figure 4). No significant difference 
was determined between the groups with respect to age, 
sex, body weight (BW), body height (BH), body mass 
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index (BMI), smoking status or pack-years, or absolute 
blood eosinophil counts.

Independent Predictors of CID Events
We conducted both univariate and multivariate logistic 
regression analyses to determine whether any of the clinical 
characteristics evaluated in this study were independent pre-
dictors of CID-associated events during the 24-week study 
period. Univariate analysis revealed that the GOLD “ABCD” 
groups (OR = 1.97, p < 0.001), low FEV1 (OR = 0.9, p < 
0.001), high CAT score (OR = 1.29, p < 0.001), high mMRC 
(OR = 4.69, p < 0.001), high RV/TLC (OR = 1.08, p < 0.001), 
and the frequency of exacerbation (more than two times 
last year) (OR = 6.95, p < 0.001) were among the potential 
independent predictors of CID. However, multivariate ana-
lysis identified that low FEV1 (OR = 0.81, p = 0.004) and 
high CAT score (OR = 1.89, p = 0.004), and the frequency of 
exacerbation (OR = 19.86, p = 0.021) were the only inde-
pendent predictors of CID. (Table 2). We determined the 
optimal cut-off values to predict CID by using the ROC 
curve analysis (Figure 5). Taken together, our data suggest 
that patients with baseline FEV1 ≤ 42%, initial CAT score ≥ 

18, and AE ≥ 2 last year may be those who are likely to 
undergo future CID.

Discussion
To our knowledge, this is the first study that has used 
composite CID to identify high-risk COPD patients who 
might benefit from an initial triple therapy (ICS/LABA/ 
LAMA). Our findings suggest that patients with baseline 
absolute eosinophil count ≥100 cells/μL, a documented 
history of moderate or severe AE more than 2 times 
last year, an initial FEV1 ≤ 42%, and an initial CAT 
score ≥ 18 are more likely to experience CID while 
under ICS/LABA combination therapy. Our results sug-
gest that adding LAMA to ICS/LABA has resulted in 
significant improvements with respect to lung function 
and symptomatology. Inhaled triple therapy might be con-
sidered as the first-line therapy and not only on an as- 
needed basis to prevent CID.

However, the use of ICS for COPD treatment remains 
controversial.22,23 Adverse events associated with ICS 
administration include pneumonia, osteoporosis, and cat-
aracts; these findings develop in relation to the duration, 

Figure 2 The proportion of CID patients in different CID events. 
Abbreviations: CID, clinically Important Deterioration; FEV1, forced expiratory volume in one second (decrease of ≥100 mL from baseline in trough FEV1); AE, acute 
exacerbation (a single moderate or severe exacerbation); CAT, chronic obstructive pulmonary disease (COPD) Assessment Test (deterioration ≥2 units from baseline in 
CAT score).
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dose, and type of ICS treatment.24,25 The use of dual 
bronchodilators has changed therapeutic strategies used 
in treating COPD; ICS is reserved for use as an alternative 
combined with bronchodilators in order to prevent exacer-
bations. GOLD 2020 strongly recommends the use of ICS 
in patients with blood eosinophil counts ≥ 300 cells/μL, 
history of AE requiring hospitalization, ≥2 moderate 
COPD AEs per year, and a history of asthma; 
a threshold ≥ 100 eosinophils/μL can be considered in 
patients who have experienced at least one moderate 
AE.1 The patients included in our study experienced at 
least one moderate to severe exacerbation during the 
previous year, which is found to be associated with per-
ipheral eosinophilia (≥100 cells/μL). Initial ICS/LABA 
combination therapy is suggested for nearly all patients 
with these clinical signs. After 24 weeks of treatment, only 
seven patients (7/110, 6.3%) reportedly experienced mod-
erate or severe AEs. As such, focusing on this aspect 
alone, 103 patients in our study (103/110, 85.7%) might 
be considered to be under adequate control.

However, COPD is a complex, multi-factorial, and 
heterogeneous disease. Progression of COPD can be mon-
itored using a variety of methods, including the rate of 
decline of FEV1, decline in health status, changes in 

physical activity, as well as the frequency of exacerbations 
over time.15 Characteristics of COPD have been classified 
into three categories,26,27 including disease severity, dis-
ease activity, and disease impact. The disease activity 
drives disease progression, which in turn results in an 
increase in disease severity and with more profound 
impact on quality of life.18,27 No single aspect of COPD 
can provide sufficient or appropriate monitoring of clinical 
deterioration.13,14,28,29 To address this issue, the concept of 
a composite CID score was developed.16 Appropriate 
thresholds for determining clinical deterioration include 
measures of minimum clinically important difference 
(MCID); these include a decrease of ≥100 mL from base-
line trough FEV1,30 the occurrence of moderate or severe 
exacerbations,1 and an increase in SGRQ score ≥ 4 units.31 

The CAT was also used as an alternative to SGRQ in 
determining the composite CID in both the FULUIL and 
EMAX studies.20,21 Our study also used the CAT in place 
of SGRQ ins determining the composite CID.

Identification of CID(+) patients in the short term can also 
be used to predict poorer long-term prognosis. A post hoc 
analysis of the findings from both the TORCH and ECLIPSE 
studies has revealed an increased risk of mortality in patients 
with any evidence of CID at 6- or 12-month assessment.17 In 

Figure 3 (A) The difference of FEV1 between before and after ICS/LABA treatment in COPD patients with CID. (B) The difference of FEV1 between before and after ICS/ 
LABA treatment in COPD patients without CID. (C) The difference of CAT score between before and after ICS/LABA treatment in COPD patients with CID. (D) The 
difference of CAT score between before and after ICS/LABA treatment in COPD patients without CID. (E) The difference of FEV1 between before and after inhaled triple 
treatment in COPD patients with CID. (F) The difference of CAT between before and after inhaled triple treatment in COPD patients with CID. 
Abbreviations CID, clinically important deterioration; FEV1, forced expiratory volume in one second; CAT, Chronic obstructive pulmonary disease (COPD) Assessment 
Test.
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view of these findings, earlier and more aggressive manage-
ment of COPD may aid in reducing the risk of disease 
progression.18 This current study used the composite CID to 
assess the response to ICS/LABA combination and to identify 
high-risk patients who experienced CID while on this regimen. 
After 24 weeks on ICS/LABA combination therapy, the 
patients in the CID(+) group were observed to have lower 
FEV1s and FEV1/FVC% values; they also had higher symp-
toms scores (CAT and mMRC) and more exacerbation 
last year than did those in the CID(−) group. As such, patients 
with initial FEV1 ≤ 42%, CAT scores ≥ 18, and AE ≥ 2 
last year can be regarded as high-risk patients who may benefit 
from the addition of LAMA to their therapeutic regimens.

Of the 110 patients enrolled, 49 patients reportedly experi-
enced at least 1 CID-associated event during the 24-week trial 

of ICS/LABA combination therapy; the most common of the 
CID-associated events were a decline in FEV1 ≥ 100 mL and 
an increase in CAT score ≥ 2 units. In total, 41 patients (41/49; 
83%) received additional therapy with LAMA; the FEV1s 
reported for these patients underwent a significant increase 
(by 130 mL), whereas the CAT scores decreased by 5 units in 
response to triple inhalation therapy. The results of our study 
were consistent with those in previous reports.3–5,7 A meta- 
analysis also indicated that adding LAMA to ICS/LABA 
therapy did not result in an increase in serious cardiovascular 
events and, instead, offered significant clinical benefit to 
patients with COPD who had been maintained on an ICS/ 
LABA regimen; these benefits included improvement of 
trough FEV1 and prevention of AEs.32 In a post hoc analysis 
of the FULFIL study, triple inhalation therapy resulted in 
significant reductions in CID versus responses observed to 
ICS/LABA alone; these responses were determined to persist 
for a fivefold longer period without deterioration of lung 
function.20 Another study reported that providing a LAMA 
to patients maintained on ICS/LABA resulted in a 45%–58% 
reduction in CID compared to those undergoing treatment 
with ICS/LABA alone.33 Singh et al34 reported that triple 
therapy was able to reduce the risk of a first CID event 
compared to what was observed in response to ICS/LABA, 
LAMA/LABA, or LAMA monotherapy. Likewise, sympto-
matic COPD with asthma traits should be treated with triple 
therapy if not adequately controlled by ICS/LABA.35 

According to previous studies, triple therapy might be recom-
mended for COPD patients who underwent a significant 
decline in lung function and who developed more symptoms 
so as to reduce the risk of the occurrence of CID.

According to the GOLD 2020 report,1 triple therapy 
was recommended only for use as a step-up protocol in 
patients with diseases that remained uncontrolled in 
response to LAMA/LABA or ICS/LABA dual therapy; 
however, the experts who contributed to this study identi-
fied two conditions in which triple therapy might be con-
sidered as a first-line treatment. These conditions include 
(1) cases in which COPD was diagnosed in light of unre-
mitting and severe exacerbations36 and (2) cases in which 
symptomatic patients were diagnosed with severe airflow 
limitation (FEV1 < 50%), frequent moderate (≥2) or 
severe AEs in the previous year, and peripheral eosinophi-
lia (>300/μL).36 Our findings are consistent with this 
expert advice; results from this study indicate that patients 
with moderate or severe AEs more than 2 times in the 
previous year, peripheral eosinophilia ≥ 100/μL, initial 
severe airway obstruction (FEV1 ≤ 42%), and multiple 

Table 1 The Baseline Clinical Factors Between COPD Patients 
with and without CID

Clinical Factors CID(+) n=49 CID(-) n=61 p-value

Age, years 72(63.0 −79.0) 72 (67.0–82.3) 0.154

Sex, male (%) 48(98.0) 58(95.1) 0.627

BH, cm 162.7(160.5–164.8) 164.1(162.3–165.9) 0.298

BW, kg 59.2(55.7–62.6) 59.8(56.6–63.1) 0.770

BMI, kg/m2 22.3(21.2–23.4) 22.1(21.1–23.2) 0.843

Current smoker, n (%) 19(38.8) 17(27.9) 0.227

Smoking, pack-years 48.2±23.0 44.2±19.6 0.239

FEV1/FVC (%) 52.2(49.4–54.9) 58.3(56.2–60.3) <0.001

FEV1(%) 39.8(36.0–43.7) 59.5(55.7–63.3) <0.001

FEV1, L 0.91(0.71–1.14) 1.42(1.09–1.70) <0.001

RV/TLC (%) 72.5(69.3–75.6) 65.0(61.9–68.2) 0.001

CAT 26(20.8–30.3) 12(9.0–16.0) <0.001

mMRC 3(2–4) 2(1–2) <0.001

Eosinophil/mL 235(178.5–372.3) 237(160.0–382.5) 0.611

AE ≥ 2 last year, n (%) 32(65.3) 13(21.3) <0.001

Group, n (%) 0.002

A 4(8.2) 14(23.0)

B 23(46.9) 34(55.7)

C 2(4.1) 6(9.8)

D 20(40.8) 7(11.5)

ICS/LABA, n (%) 0.814

FF/VI 13(26.5) 21(34.4)

FP/SAL 14(28.6) 14(23.0)

BD/FF 13(26.5) 16(26.2)

BDP/FF 9(18.4) 10(16.4)

Post FEV1, L 0.82(0.65–0.99) 1.52(1.17–1.82) <0.001

Post CAT 28(22.0–33.0) 11(8.8–14.0) <0.001

Note: Continuous variables were presented as median with interquartile range. 
Abbreviations: BH, body height; BW, body weight; BMI, body mass index; CID, 
clinically important deterioration; FEV1, forced expiratory volume in one second; 
FVC, forced vital capacity; AE, acute exacerbation; CAT, Chronic obstructive 
pulmonary disease (COPD) Assessment Test; mMRC, Modified Medical Research 
Council; ICS/LABA, inhaled corticosteroids/long-acting β2 agonist; FF/VI, fluticasone 
furoate/vilanterol; FP/SAL, fluticasone propionate/salmeterol; BD/FF, budesonide/ 
formoterol fumarate dehydrate; BDP/FF, beclomethasone dipropionate/formoterol 
fumarate dehydrate; IQR, interquartile range.
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significant symptoms (CAT ≥ 18) were likely to require 
triple therapy to prevent the development of CID.

There were several limitations in our study. First, this study 
was retrospective in nature and included observational char-
acteristics only; furthermore, the decision to treat patients with 
ICS/LABA was determined on an individual basis by each 
clinical physician. Second, our study was performed in 
a single institution with comparatively few patients and 
some degree of selection bias. Furthermore, this study 

included only those individuals with at least one moderate to 
severe exacerbation the previous year, with blood peripheral 
eosinophilia (≥100 cells/μL), and undergoing treatment with 
ICS/LABA as first-line treatment. The number of patients in 
our real-world study was not sufficient to perform adjusted 
analysis. Therefore, multivariate analysis was performed to 
reduce the magnitude of bias in observational retrospective 
study. Third, some of the patients in the CID (+) group did not 
undergo step-up with additional bronchodilator therapy with 
LAMA; this has been identified as a clear limitation of this 
observational study. Fourth, the biomass exposure history only 
included cigarette smoking because it was not easy to identify 
the exposure to environmental agents in a retrospective study. 
Fifth, the proportion of male patients in our cohort was high. 
To balance the difference in gender in the real-world study was 
difficult. Sixth, we did not provide the adherence rate data. 
However, the poor adherence rate between these two groups 
(CID (+) and CID(-)) may not be significantly 
different because all patients participated in healthcare case 
management system. Despite these limitations, the current 
study provided the first real-world evidence suggesting that 
a high-risk group could be identified via an assessment of 
composite CID status that also focused on the potential bene-
fits of step-up treatment in response to a CID-associated event.

Figure 4 The proportions of patients with each GOLD classification (A-–D) according to COPD patients with or without CID. 
Abbreviation: CID, clinically important deterioration.

Table 2 Univariate and Multivariate Analysis of Clinical 
Predictors of COPD Patients with CID

Clinical Factors Univariate Multivariate

OR (95% CI) p-value OR (95% CI) p-value

Age, years 0.96(0.93–1.01) 0.141 - -

Group 1.97(1.32–2.95) <0.001 3.75(0.86–16.37) 0.077

Eosinophil/mL 0.99(0.99–1.01) 0.745 - -

FEV1(%) 0.90(0.87–0.94) <0.001 0.81(0.70–0.94) 0.004

CAT 1.29(1.18–1.40) <0.001 1.89(1.22–2.95) 0.004

mMRC 4.69(2.65–8.31) <0.001 0.11(0.01–1.06) 0.056

RV/TLC 1.08(1.03–1.14) 0.001 1.01(0.91–1.12) 0.829

AE ≥ 2 last year 6.95(2.97–16.25) <0.001 19.86(1.58–249.5) 0.021

Abbreviations: CID, clinically important deterioration; FEV1, forced expiratory volume 
in one second; CAT, Chronic obstructive pulmonary disease (COPD) Assessment Test; 
mMRC, Modified Medical Research Council; RV, residual volume; TLC, total lung capa-
city; AE, acute exacerbation; OR, odds ratio; CI, confidence interval.
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Conclusion
In conclusion, our findings revealed that an initial FEV1 
≤ 42%, CAT score ≥ 18, and the AE ≥ 2 last year were 
independent risk factors that predict CID in COPD patients 
maintained on ICS/LABA therapy, who were also identified to 
have experienced moderate to severe AEs during the 
previous year in association with peripheral blood eosinophil 
counts ≥ 100 cells/μL. Adding LAMA to the ICS/LABA 
regimen has been determined to provide significant clinical 
benefit in this patient cohort. As such, triple therapy might be 
considered as a first-choice regimen for patients who are 
identified with this risk profile.

Abbreviations
LAMA, long-acting muscarinic antagonist; LABA, long- 
acting β2 agonist; ICS, inhaled corticosteroid; COPD, 
chronic pulmonary obstructive disease; CID, clinically 
important deterioration; GOLD, Global Initiative for 
Chronic Obstructive Lung Disease; MCID, minimum 
clinically important difference; mMRC, modified Medical 
Research Council; CAT, COPS Assessment Test; SGRQ, 
St George’s Respiratory Questionnaire; FEV1, forced 

expiratory volume in one second; FVC, forced vital capa-
city; AE, acute exacerbation.
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