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Purpose: The efficacy and safety of first-line triple and dual therapy remain unclear because the stepwise strategy is a worldwide 
standard in controller-naïve asthma. A preliminary retrospective cohort study was conducted to investigate the efficacy and safety of 
first-line triple and dual therapy for managing controller-naïve and symptomatic adult patients with asthma.
Patients and Methods: Patients with asthma who received first-line single-inhaler triple therapy (SITT) or dual therapy (SIDT) for 
at least 8 weeks were selected between December 1, 2020, and May 31, 2021, in Fujiki Medical and Surgical Clinic, Miyazaki, Japan. 
Data on daytime and nighttime visual analog scale (VAS) scores, lung function tests, fractional exhaled nitrogen oxide (FENO), and 
adverse events were compared between SITT and SIDT pre- and post-treatment.
Results: The SITT significantly improved the nighttime, but not daytime, VAS scores better than the SIDT 2 weeks post-treatment 
(P = 0.0026), whereas SITT and SIDT significantly improved daytime and nighttime VAS scores after treatment compared to baseline. 
Both therapies also significantly improved lung functions and FENO post-treatment. The proportion of patients achieving complete 
control in the nighttime VAS scores after SITT was significantly higher than that four (P = 0.0186) and 8 weeks (P = 0.0061) after 
SIDT. Only patients with SITT experienced dry mouth.
Conclusion: Our study demonstrated that first-line SITT and SIDT were effective, and SITT improved disease control faster than 
SIDT in controller-naïve and symptomatic adult patients with asthma. The first-line SITT may contribute to faster and better control 
levels in symptomatic patients with asthma.
Keywords: adult, asthma, cohort study, corticosteroids, Japanese

Plain Language Summary
This preliminary retrospective cohort study aimed to investigate the efficacy and safety of the first-line triple therapy for controller- 
naïve and symptomatic adult patients with asthma and compare triple and dual therapies using a visual analog scale to assess the 
general conditions of patients with asthma in Japan. Our study demonstrated that the single-inhaler triple therapy improved disease 
control, especially nocturnal symptoms, faster than the single-inhaler dual therapy.

Introduction
The Global Initiative for Asthma (GINA) report recommends a stepwise strategy of pharmacological treatments for 
asthma.1 A triple therapy (inhaled corticosteroid [ICS]/long-acting beta-2 agonist [LABA]/long-acting muscarinic 
antagonist [LAMA]) is effective for managing moderate-to-severe asthma.2–6 However, triple therapy is recommended 
as a second-line treatment for patients with uncontrolled asthma using ICS/LABA dual therapy.1 The GINA reports also 
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recommend that ICS/LABA dual therapy be selected in patients with uncontrolled asthma using low-dose ICS 
monotherapy.1 Therefore, first-line triple and dual therapies may not be used in patients with asthma. However, the 
strategies may be permitted as a first-line treatment in patients with asthma and chronic pulmonary obstructive disease 
(COPD) overlap and asthma with airflow obstructions.7–10

Patients with uncontrolled or severe asthma have been a social challenge worldwide11–13 and in Japan.14 In 2021, the 
Middle East and North Africa survey using the GINA criteria reported that the percentage of patients with partly 
controlled and uncontrolled asthma was 29.1% and 41.5%, respectively.11 A 2009 US survey demonstrated that although 
71% of the patients reported “completely controlled” or “well controlled” by themselves, the percentage of patients with 
asthma who made urgent care visits twice and emergency visits once yearly was 67% and 60%, respectively.12 A global 
cross-sectional study in 2016 demonstrated that among 8111 patients, 18.0% and 38.5% had partly controlled and 
uncontrolled asthma, respectively.13 A Japanese internet survey reported that based on the GINA criteria, 49.8% and 
15.1% of the patients had partly controlled and uncontrolled asthma, respectively. Daytime and nighttime asthma 
symptoms were experienced by 51.5% and 44.9% of the patients, respectively.14 A global study observed that under-
treatments still occur in managing asthma worldwide.15

Questionnaires specializing in asthma help to grasp the health-related quality of life (HRQoL) and severity of 
asthmatic symptoms as assessment tools for patient-reported outcomes (PROs),16–21 although a recognition gap of 
controlled levels between physicians and patients is well known in asthma.12,14,22–28 Severe asthmatic symptoms 
influence asthma-related mortality.29,30 Therefore, asthmatic symptoms should be relieved as immediately as possible. 
Early and intensive inhaled medicines may improve disease control and reduce mortality in asthma. The efficacy and 
safety of first-line triple therapy remain unclear, although previous studies have already reported the usefulness of first- 
line dual therapy in controller-naïve and symptomatic patients with asthma.28,31–34 Therefore, we conducted 
a preliminary retrospective cohort study to investigate the efficacy and safety of the first-line triple therapy for controller- 
naïve and symptomatic adult patients with asthma and compare triple and dual therapies using a visual analog scale 
(VAS) to assess the general conditions of patients with asthma in Japan.

Materials and Methods
Study Protocol
A retrospective study was conducted in a single institute and primary care setting. Fujiki Medical and Surgical Clinic 
routinely required clinical information such as self-reported daytime and nighttime VAS and ACT scores as PROs, 
prescriptions, body mass index, smoking habits, comorbidities (Supplementary Table 1), blood eosinophil counts, serum 
total IgE levels, lung functions using spirometry, and fractional exhaled nitrogen oxide (FENO) before treatment for each 
patient with asthma. The clinic also determined daytime and nighttime VAS 2, 4, and 8 weeks after treatment, ACT 
scores 4 and 8 weeks after treatment, and lung function test results and FENO measurements 8 weeks after treatment. The 
clinic staff always asks each patient about adverse events and medication adherence at every visit during treatment. Each 
patient was taught the correct inhalation technique before treatment and 2, 4, and 8 weeks after treatment. The remaining 
counters or capsules for ElliptaⓇand TurbuhalerⓇ or BreezhalerⓇ, respectively, and the interview manner for 
pressurized metered dose inhalers (pMDI) were checked to assess adherence to controllers for asthma (Figure 1). We 
confirmed that all patients had good adherence with >80% administration during the assessment period. However, the 
measurements of airway reversibility were unavailable using inhaled short-acting bronchodilators in the clinic. All data 
were retrospectively collected from the medical records in the clinic.

Patients
Among all patients who visited the clinic, 308 with asthma were treated using single-inhaler triple therapy (SITT) or 
single-inhaler dual therapy (SIDT) for at least 8 weeks between December 1, 2020 and May 31, 2021 (Figure 2). Asthma 
was diagnosed by the physician based on the GINA report.1 All the patients had experienced fluctuating chronic 
respiratory symptoms of cough, sputum, and wheezing before clinic visits. The self-management of short-acting beta- 
2 agonists was used against milder exacerbations, as none were permitted single-maintenance and reliever therapy. None 
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had moderate-to-severe exacerbations that required systemic corticosteroids and hospitalization for at least a last year. We 
selected the controller-naïve (no prescriptions for controllers, such as ICS, LABA, LAMA, leukotriene antagonists, and 
biologics for asthma treatments for at least 6 months), symptomatic (ACT <20 points), non-smoking, adult (aged ≥20 
years) patients before SITT and SIDT. Patients <20 years of age (n = 6), current and former smokers (n = 76), those 
prescribed some controllers for asthma (n = 55), those with ≥20 ACT points (n = 10), and those whose lung functions 

Figure 1 Study design. 
Abbreviations: ACT, asthma control test; FENO, fractional exhaled nitrogen oxide; PROs, patient-reported outcomes; SIDT, single-inhaler dual therapy; SITT, single-inhaler 
triple therapy; VAS, visual analog scale.

Figure 2 Patient selection. 
Abbreviations: SIDT, single-inhaler dual therapy; SITT, single-inhaler triple therapy; VAS, visual analog scale.
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were not assessed pre-treatment (n = 1) were excluded. None received multi-device inhaler therapy. There were 52 
patients with asthma on first-line SITT (patients with SITT as the final analysis cohort) and 108 on first-line SIDT 
(Supplementary Table 2). To ensure a balanced comparison between patients treated using SITT and SIDT, 52 patients 
with asthma on SIDT were randomly selected using 1:1 matching with those on SITT considering potentially confound-
ing factors of age, gender, percent predicted value of forced expiratory volume in 1 second (%FEV1 predicted), and total 
ACT scores at pre-treatment.16,17 However, three were excluded without VAS assessment at 2, 4, or 8 weeks after 
treatment. Finally, 49 patients with SIDT were adopted as a control for patients with SITT (Figure 2).

Data Collection
PROs
The self-reporting ACT16,17,35 and VAS23–28 assessments were required before FENO and lung function measurements. 
The modified ACT and VAS assessed asthma symptoms the week before the evaluation period (Figure 1). Two types of 
modified VAS exist, daytime (6 am–6 pm) and nighttime VAS (6 pm–6 am), which were used based on the Japanese 
version of the VAS used in a previous study.24,28 In the VAS, the scales ranged from not bothersome at all (0 cm as 
a good condition) to extremely bothersome (10 cm as a bad condition). After reporting daytime and nighttime VAS, each 
patient continuously underwent the Japanese version of the ACT for adult patients with asthma.35 The minimal clinically 
important difference (MCID) between pre- and post-treatment was defined as a 3-point change in ACT scores and 
−4.6-cm change for daytime and nighttime VAS based on previous studies.28,35 The complete control level was at an 
ACT score of 25 points or when the daytime and nighttime VAS reached 0 cm post-treatment.

Measurement of FENO
The morning FENO was measured twice daily at every visit before spirometry using an online electrochemical NO 
analyzer (NIOX VERO®, Circassia AB, Sweden). The mean value was used for the analysis.36

Lung Function Tests
Spirometry (Chestgraph Jr HI-101, CHEST, Tokyo, Japan) was repeated twice. We adopted the best FEV1 and forced 
vital capacity (FVC) values per a Taskforce recommendation.37 The %FEV1 predicted and percent predicted value of 
FVC (%FVC predicted) were estimated using a formula for Japanese individuals.38 Spirometric-restrictive and obstruc-
tive ventilatory patterns were defined as %FVC predicted <80% with FEV1/FVC ratio ≥0.7 and FEV1/FVC ratio <0.7, 
respectively.39

Ethical Considerations
The study was conducted following the Good Clinical Practice guidelines in accordance with the Helsinki Declaration 
and was approved by the local ethics board of Kurume University, Japan (No. 21–155, September 30, 2021). The study 
protocol was registered in the University Hospital Medical Information Network (UMIN) Center (UMIN 
No. 000045636) on October 2, 2021. Patients who visited Fujiki Medical and Surgical Clinic (Miyazaki, Japan) were 
allowed to opt out between September 30, 2021, and March 31, 2022.

Statistical Analysis
All data were expressed as the number (% of total) of patients and mean ± standard deviation (SD). Data were compared 
using Fisher’s exact test, Welch’s t-test, and Mann–Whitney’s U-test. Changes in data from the baseline were compared 
using the Student’s t-test and one-way analysis of variance test. The selected ICS dose equivalences between SITT and 
SIDT were calculated using the glucocorticoid receptor-binding affinity of dexamethasone in accordance with a previous 
study.40 Statistical significance was set at P < 0.05. We used the JMP version 15 for Windows (SAS Institute, Cary, NC, 
USA) for data analyses and R version 3.6.1 (R Foundation for Statistical Computing, Vienna, Austria) for control 
matching.
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Results
Characteristics of Patients on SITT and SIDT Pre-Treatment
Table 1 presents the characteristics of patients on SITT and SIDT, before treatment. In first-line SITT and SIDT regimens, 
no difference was observed in the number (% of total) of patients with high-dose ICS between SITT (n = 15 [28.8%]) and 
SIDT (n = 20 [40.8%]) (P = 0.2182). All patients on SITT and 25 [51.0%] on SIDT inhaled once daily (P < 0.0001), 
whereas the remaining 24 [49.0%] inhaled SIDT twice daily. In the analysis of the ICS dose equivalence using the 
glucocorticoid receptor-binding affinity of dexamethasone (Supplementary Table 3),40 the mean (SD) ICS dose in SITT 
(3323 [1422] μ/day) was significantly lower than that in the SIDT group (6536 [1812]) (P < 0.0001).

Comparison of Changes in ACT Scores and Daytime and Nighttime VAS Between 
SITT and SIDT Post-Treatment
Figure 3 illustrates that SITT and SIDT significantly improve ACT scores 4 and 8 weeks post-treatment and daytime and 
nighttime VAS 2, 4, and 8 weeks post-treatment compared to baseline. The SITT significantly improved the nighttime 
VAS, but not daytime, better than the SIDT 2 weeks after treatment (P = 0.0026). Supplementary Figure 1 compares the 
mean PRO values between SITT and SIDT at each visit. None had unscheduled or emergency visits or moderate-to- 

Table 1 Characteristics of Patients with Asthma Undergoing SITT and SIDT

Characteristics SITT, n = 52 SIDT, n = 49 P-value

Age, years, mean ± SD 48.8 ± 16.9 50.0 ± 16.2 0.7
Female, n (%) 36 (69.2) 36 (73.5) 0.7

Body mass index, kg/m2, mean ± SD 23.9 ± 3.8 22.8 ± 3.7 0.2
Any other allergic comorbidities, n (%) 23 (44.2) 16 (32.7) 0.3

Allergic rhinitis 22 (42.3) 16 (32.7) 0.4

Chronic sinusitis with nasal polyps 2 (3.9) 1 (2.0) 1.0
Atopic dermatitis 0 (0) 1 (2.0) 0.5

PROs, mean ± SD

ACT score, points 13.6 ± 3.3 13.5 ± 3.0 0.9
VAS, cm

Daytime 7.1 ± 2.4 7.5 ± 1.7 0.3

Nighttime 7.4 ± 2.1 7.7 ± 1.9 0.5
Lung functions, mean ± SD

FVC, L 2.85 ± 0.70 2.80 ± 0.77 0.9

%FVC predicted, % 95.8 ± 15.3 96.4 ± 19.3 0.9
FEV1, L 2.37 ± 0.67 2.25 ± 0.68 0.4

% FEV1 predicted, % 92.5 ± 18.7 92.1 ± 22.6 0.9

FEV1/FVC ratio 0.83 ± 0.10 0.80 ± 0.09 0.1
Spirometric ventilatory pattern, n (%)

Obstructive ventilatory pattern 4 (7.7) 7 (14.3) 0.3

Restrictive ventilatory pattern 7 (13.5) 3 (6.1) 0.3
Biomarkers, mean ± SD

Blood eosinophil count, cells/µL 266 ± 246 230 ± 152 0.4

Serum total IgE, U/mL 177 ± 242 144 ± 242 0.5
FENO, ppb 34.3 ± 28.1 42.9 ± 35.5 0.2

Other concomitant medicines, n (%)

Leukotriene antagonist 18 (34.6) 22 (44.9) 0.3
Other allergic or antihistamine drugs 17 (32.7) 10 (20.4) 0.2

Notes: Data are expressed as mean ± standard deviation and number (%) of patients. Other concomitant medicines were used before 
and after SITT and SIDT. However, no patient was administered slow-release theophylline, regular oral prednisolone, and biologics. 
Abbreviations: ACT; asthma control test, FENO; fractional exhaled nitric oxide, FEV1; forced expiratory volume in one second, FVC; 
forced vital capacity, %FEV1 predicted; percent predicted value of FEV1, %FVC predicted; percent predicted value of FVC, PROs; patient- 
reported outcomes, SD; standard deviation, SIDT; single-inhaler dual therapy, SITT; single-inhaler triple therapy, VAS; visual analog scale.
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severe exacerbations requiring systemic corticosteroids and hospitalization and there were no deaths during the assess-
ment period.

Comparison of the Proportion of Patients Reaching the MCID and Complete Control 
Levels Between SITT and SIDT Post-Treatment
Figure 4 illustrates the proportion of patients achieving the MCID and complete control levels post-treatment. The 
proportions of patients achieving the MCID (odds ratio [OR] of SITT related to SIDT [95% confidential index]) 2 weeks 
after SITT were significantly higher than those for the daytime (OR 3.18 [1.19 to 9.49], P = 0.0218) and nighttime VAS 
scores (OR 2.99 [1.30 to 6.90], P = 0.0142) 2 weeks after SIDT (Figure 4A). In addition, the proportion of patients 
reaching complete control levels in the ACT scores 8 weeks after SITT was significantly higher than those after SIDT 
(OR 4.60 [1.21 to 17.47], P = 0.0237), whereas those for the nighttime VAS scores 4 and 8 weeks after SITT were 
significantly higher than those 4 (OR 4.14 [1.26 to 13.65], P = 0.0186) and 8 weeks (OR 3.61 [1.49 to 8.73], P = 0.0061) 
after SIDT (Figure 4B).

Efficacy of SITT and SIDT for Lung Functions and FENO
Table 2 presents lung function and FENO changes 8 weeks post-treatment. No changes were observed in lung functions 
and FENO 8 weeks post-treatment in SITT and SIDT.

Safety of First-Line SITT and SIDT
Table 3 presents adverse events in SITT and SIDT. No difference was observed in the proportion of patients with adverse 
events between SITT (28.9%) and SIDT (24.5%). The most common adverse event was dysphonia, followed by transient 
coughing after administration. Comparing SITT and SIDT, five patients undergoing SITT, but not SIDT, experienced dry 
mouth. Considering the device type, the number (% of users) of patients with dysphonia and transient coughing after 
administration was 8 (14.3%) and 4 (7.1%) with ElliptaⓇ, 2 (15.4%) and 1 (7.7%) with TurbuhalerⓇ, 1 (5.0%) and 1 
(5.0%) with BreezhalerⓇ, and 1 (8.3%) and 0 (0%) with the pMDI. However, none of the patients discontinued 
treatment due to adverse events, experienced severe adverse events, or died in SITT and SIDT during the 8-week 
treatment period.

Figure 3 Comparison of ACT changes and day and nighttime VAS scores post-treatment between SITT and SIDT. 
Notes: Changes (%) from baseline were expressed as mean ± SD in the ACT and day and nighttime VAS. *P = 0.0026 comparing SITT and SIDT 2 weeks post-treatment. 
Abbreviations: ACT, asthma control test; SD, standard deviation; SIDT, single-inhaler dual therapy; SITT, single-inhaler triple therapy; VAS, visual analog scale.
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Discussion
Our preliminary retrospective cohort study demonstrated that first-line SITT and SIDT safely improved the asthma control 
levels in controller-naïve and symptomatic adult patients with asthma. Our study also revealed that SITT significantly 
improved the control levels faster than SITD in nighttime VAS assessment 2 weeks post-treatment. In addition, a higher 
proportion of patients with SITT achieved the MCID of daytime VAS 4 weeks and of nighttime VAS 2 weeks post-treatment 
than that with SIDT. The SITT helped achieve complete control levels as per the ACT in 23.1% of the patients in 8 weeks and 
as per the nighttime VAS in 26.9% of the patients in 4 weeks and 48.1% in 8 weeks post-treatment. However, SITT and SIDT 
significantly improved lung functions and FENO 8 weeks post-treatment, although there was no significant difference in lung 
functions and FENO between the treatment groups. Furthermore, our results may suggest that some patients are undertreated 

Table 2 Changes in Lung Functions and FENO Between SITT and SIDT 8 Weeks After 
Treatment

Evaluation Post-Treatment SITT, n = 52 SIDT, n = 49 P-value

FVC, mL 162 ± 317 159 ± 318 0.9607

%FVC predicted, % 5.9 ± 11.1 5.7 ± 10.9 0.9263
FEV1, mL 195 ± 298 254 ± 328 0.3473

%FEV1 predicted, % 8.5 ± 11.2 10.0 ± 11.9 0.5294

FENO, ppb −8.2 ± 17.8 −14.0 ± 24.9 0.1808

Note: No patient had malignancies or chronic kidney diseases. 
Abbreviations: ACT; asthma control test, SIDT; single-inhaler dual therapy, SITT; single-inhaler triple therapy.

Figure 4 Comparison of the proportion of patients achieving the MCID and complete control between SITT and SIDT post-treatment. 
Notes: Data were expressed as percentages of patients in SITT (green bars) and SIDT (red bars). (A) proportion of patients reaching the MCID, (B) proportion of patients 
achieving complete control. SITT for green bars, SIDT for red bars. *P < 0.05 between SITT and SIDT in each visit. 
Abbreviations: ACT, asthma control test; N/A, not available; SIDT, single-inhaler dual therapy; SITT, single-inhaler triple therapy; VAS, visual analog scale.
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using first-line SIDT. In terms of treatment safety, none discontinued due to adverse events, had severe adverse events, or died 
while undergoing SITT and SIDT during the 8-week treatment period.

The self-reporting ACT and daytime and nighttime VAS may have some discrepancies in the disease control levels in 
each controller-naïve and symptomatic patient with asthma.28 Comparing daytime and nighttime VAS among individuals, 
nighttime VAS was worse than daytime VAS. However, nighttime VAS improved faster than daytime VAS.28 In our 
study, the proportion of patients that achieved the MCID and complete control assessed using the ACT differed from that 
assessed using the daytime and nighttime VAS as a discrepancy among PROs (Figure 4). Nighttime asthma symptoms 
and sleep disorders are common in patients with asthma and can be detrimental to their HRQoL.41,42 The frequency of 
nighttime asthma symptoms observed in patients with asthma was consistent with that in a previous study, 37–47%.43,44 

Nocturnal symptoms cause poorer HRQoL than daytime symptoms in patients with asthma. A previous study demon-
strated that individuals with asthma and COPD hoped that their nocturnal asthma symptoms did not disturb their sleep.45 

The optimal management may reduce nocturnal symptoms faster than daytime symptoms and improve sleep quality 
faster. The different general assessments of daytime and nighttime conditions may be significant using the daytime and 
nighttime VAS in patients with uncontrolled asthma.28 Thus, early relief of nocturnal symptoms may improve general 
conditions faster than daytime symptom relief.28 Our study showed that SITT efficacy appeared faster than SIDT efficacy 
for nighttime VAS and ACT scores but not for daytime VAS. A Japanese large-scale survey demonstrated that 76.4% of 
the patients with asthma had treatment expectations of rapid onset of action.14

All previous large-scale studies of single- or multiple-inhaler triple therapy enrolled patients with uncontrolled asthma 
despite treatment with high or medium ICS doses or LABA as prescriptions.3,5,46,47 The efficacy and safety of first-line 
triple therapy have little evidence. However, second- or third-line triple therapy is widely approved in asthma.3,5,46,47 

Adding LAMA to ICS/LABA minimally reduced exacerbations and improved disease control levels. However, triple 
therapy improved lung functions more than ICS/LABA dual therapy in patients with moderate-to-severe asthma.1,3,5,46,47 

In our total study population, the frequency of patients with the obstructive ventilatory pattern was 7.7% in SITT and 
14.3% in SIDT. However, first-line triple therapy should be selected for patients with asthma experiencing airflow 
limitation, such as ACO.7–10 Our study did not show that SITT provided a more significant improvement in lung function 
than SIDT 8 weeks after treatment. In addition, the reducing effects on FENO after treatment were similar between SITT 
and SIDT. However, SITT led to faster asthma control improvement than SIDT and a higher proportion of patients who 
achieved the MICD and complete control in terms of PROs than SIDT. Adding LAMA to ICS/LABA therapy may 
attenuate mucus hypersecretion and cough, but its effect is not limited to bronchodilation and anti-inflammation.3,5,46–49 

Comparing high (doubling doses of medium-dose) and medium doses, previous studies3,5 demonstrated that high-dose 
SITT and SIDT had more attenuated effects on moderate-to-severe exacerbations than medium-dose ones. Our study 
uncovered a bias in the ICS dose between SITT and SIDT, with the mean ICS dose in SITT being about half the dose in 

Table 3 Adverse Events Using SITT and SIDT

Adverse Events SITT, n = 52 SIDT, n = 49 P-value

Any adverse events 15 (28.9) 12 (24.5) 0.7
Serious adverse events 0 (0) 0 (0) 1.0

Adverse events leading to discontinuation 0 (0) 0 (0) 1.0

Adverse events leading to death 0 (0) 0 (0) 1.0
Dysphonia 5 (9.6) 7 (14.3) 0.5

Transient coughing after administration 4 (7.7) 2 (4.1) 0.7

Dry mouth 5 (9.6) 0 (0) 0.1
Respiratory tract infections 2 (3.9) 1 (2.0) 1.0

Dyspepsia 2 (3.9) 0 (0) 0.5
Oral candidiasis 1 (1.9) 0 (0) 1.0

Diarrhea 0 (0) 1 (2.0) 0.5

Leg muscle cramps 0 (0) 1 (2.0) 0.5

Note: No patients had episodes of pneumonia. 
Abbreviations: SIDT; single-inhaler dual therapy, SITT; single-inhaler triple therapy.
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SIDT. Nevertheless, the SITT improved asthma control faster than SITT. However, none had moderate-to-severe 
exacerbation pre- and post-treatment among our patients.

Regarding the safety of first-line SITT and SIDT, both therapies did not lead to any severe adverse events, and there 
was no adverse event leading to SITT and SIDT discontinuation during the assessment period. Therefore, the safety of 
both therapies was guaranteed. The most common adverse event was dysphonia, in 9.6% of the patients on SITT and in 
14.3% on SIDT. The PrimoTinA-asthma study46 demonstrated that 1.7–1.8% of the patients on ICS/LABA and 2.1–2.3% 
of the patients with LAMA added to ICS/LABA had dysphonia, whereas approximately 2% of the patients had 
dysphonia in the TRIMARAN and TRIGGER study.47 The CAPTAIN3 and IRIDIUM5 studies reported no patients 
with dysphonia using single-inhaler devices. The next common adverse event was transient coughing after administra-
tion. Dysphonia and coughing are unavoidable biological reactions to inhaled medicines. Dysphonia may develop due to 
the inhaled medicine, but not due to differences in compounds, devices, or particle sizes of drugs. Dry mouth should be 
an adverse event of concern when adding LAMA.

Our study had several study limitations. First, the sample size was small compared to that in previous comparative 
studies between triple and dual therapies.3,5,46,47 Second, our study was conducted by one physician and at one 
institution. The physician assessed all baseline information and clinical data before choosing controllers and continuously 
selected SITT or SIDT for each patient. The patient proportions may have biases between the SITT and SIDT. However, 
the proportion of patients on SIDT was randomly selected using cofounders. Furthermore, the physician’s bias may affect 
our results. In fact, the daily doses of ICS differed between treatment groups. Nonetheless, the potency of corticosteroids 
was limited to comparison using only the glucocorticoid receptor-binding affinity.40 The bias may be because the 
physician was more confident adding lower ICS doses as required for better control to dual bronchodilators. In contrast, 
the physician might have been uneasy about adding higher doses of ICS to a mono-bronchodilator. Third, this was 
a retrospective study. The timing of spirometry and FENO measurement was inconsistent pre- and post-treatment. The 
data were not always through values. Fourth, the eight-week assessment period was short for our study. We did not 
observe any moderate-to-severe exacerbations. In addition, mild exacerbations requiring short-acting bronchodilators 
were not assessed because our study did not acquire the self-reporting daily journal from each patient. A multi-institution, 
long-term, prospective study is therefore needed in the future.

Conclusions
Our retrospective study demonstrated that the SITT improved disease control, especially nocturnal symptoms, faster than 
the SIDT. However, first-line SITT and SIDT safely increased lung functions and decreased FENO in controller-naïve and 
symptomatic adult Japanese patients with asthma. Adding LAMA to ICS/LABA may provide a more rapid response to 
complete control than doubling ICS doses with LABA. However, dry mouth should be an adverse event of concern, more 
in SITT than in SIDT. Furthermore, the characteristics of patients that determine the treatment option—SITT or SIDT— 
should be first determined; however, the step-down strategy remains unclear.

Abbreviations
ACT, asthma control test; COPD, chronic pulmonary obstructive disease; FEV1, forced expiratory volume in 1 second; 
FVC, forced vital capacity; FENO, fractional exhaled nitrogen oxide; GINA, Global Initiative for Asthma; HRQoL, 
health-related quality of life; ICS, inhaled corticosteroid; LABA, long-acting beta-2 agonist; LAMA, long-acting 
muscarinic antagonist; MCID, minimal clinically important difference; OR, odds ratio; %FEV1 predicted, percent 
predicted value of FEV1; %FVC predicted, percent predicted value of FVC; pMDI, pressurized metered dose inhaler; 
UMIN, University Hospital Medical Information Network; PROs, patient-reported outcomes; SIDT, single-inhaler dual 
therapy; SITT, single-inhaler triple therapy; SD, standard deviation; VAS, visual analog scale.
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