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Abstract 

Background  In recent years, the incorporation of LAMAs into asthma therapy has been expected to enhance 
symptom control. However, a significant number of patients with asthma continue to experience poorly managed 
symptoms. There have been limited investigations on LAMA-induced airway alterations in asthma treatment employ-
ing IOS. In this study, we administered a LAMA to patients with poorly controlled asthma, evaluated clinical responses 
and respiratory function, and investigated airway changes facilitated by LAMA treatments using the IOS.

Methods  Of a total of 1282 consecutive patients with asthma, 118 exhibited uncontrolled symptoms. Among them, 
42 switched their treatment to high-dose fluticasone furoate/umeclidinium/vilanterol (FF/UMEC/VI) (ICS/LABA/LAMA). 
The patients were then assessed using AHQ-33 or LCQ and ACT. Spirometry parameters (such as FEV1 or MMEF) 
and IOS parameters (such as R20 or AX) were measured and compared before and after exacerbations and the addi-
tion of LAMA.

Results  Of the 42 patients, 17 who switched to FF/UMEC/VI caused by dyspnea exhibited decreased pulmonary 
function between period 1 and baseline, followed by an increase in pulmonary function between baseline and period 
2. Significant differences were observed in IOS parameters such as R20, R5-R20, Fres, or AX between period 1 
and baseline as well as between baseline and period 2. Among the patients who switched to inhaler due to cough, 
25 were classified as responders (n = 17) and nonresponders (n = 8) based on treatment outcomes. Among nonre-
sponders, there were no significant differences in spirometry parameters such as FEV1 or PEF and IOS parameters such 
as R20 or AX between period 1 and baseline. However, among responders, significant differences were observed in all 
IOS parameters, though not in most spirometry parameters, between period 1 and baseline. Furthermore, significant 
differences were noted between baseline and period 2 in terms of FEV1, %MMEF, %PEF, and all IOS parameters.

Conclusion  ICS/LABA/LAMA demonstrates superiority over ICS/LABA in improving symptoms and lung function, 
which is primarily attributed to the addition of LAMA. Additionally, IOS revealed the effectiveness of LAMA across all 
airway segments, particularly in the periphery. Hence, LAMA can be effective against various asthma phenotypes 
characterized by airway inflammation, even in real-world cases.

Keywords  Bronchial asthma, Impulse oscillometry system (IOS), Pulmonary function test, Long-acting muscarinic 
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Background
Asthma is a heterogeneous disease commonly character-
ized by chronic airway inflammation. The frequency and 
intensity of asthma symptoms, such as wheezing, chest 
tightness, shortness of breath, and cough, typically vary 
and contribute to the asthma burden [1]. Poor symptom 
control is strongly associated with an increased risk of 
asthma exacerbations [2]. However, other independent 
risk factors have also been identified, including a history 
of ≥ 1 exacerbation in the previous year, poor treatment 
adherence, incorrect inhaler technique, chronic sinusi-
tis, and smoking, all of which can be assessed in primary 
care [3]. Exacerbations represent a change in symptoms 
and lung function from the patient’s usual status [4]. 
Decreased expiratory airflow can be quantified by lung 
function parameters such as peak expiratory flow (PEF) 
and forced expiratory volume in 1  s (FEV1), compared 
with the patient’s previous lung function or predicted 
values. Lung function should be assessed upon diagnosis 
or treatment initiation and after treatment, with record-
ings made at least every 1–2 years.

According to the International cross-sectional and 
longitudinal assessment on asthma control (LIAISON), 
among 8111 patients, 3526 (43.5%) presented with con-
trolled asthma, 1462 (18.0%) with partly controlled 
asthma, and 3123 (38.5%) with uncontrolled asthma [5]. 
A Japanese internet survey reported that of 992 patients, 
348 (35.1%) had controlled asthma, 494 (49.8%) had 
partly controlled asthma, and 150 (15.1%) had uncon-
trolled asthma based on the Global Initiative for Asthma 
criteria [6]. Moreover, a global study revealed that asthma 
undertreatment still occurs worldwide [7].

Recently, several triple therapy combinations [inhaled 
corticosteroid (ICS)–long-acting β2 agonist (LABA)–
long-acting muscarinic antagonist (LAMA)] in a sin-
gle inhaler (SITT) have been introduced to the market. 
Moreover, the 2021 Global Initiative for Asthma rec-
ommends adding LAMA to the treatment regimen of 
patients aged ≥ 18  years who still experience symptoms 
or exacerbations despite adherence to inhaled LABA 
combined with medium- or high-dose ICS [1]. Recent 
studies have shown that adding LAMA to ICS/LABA 
is effective in asthma control, and SITT with high-dose 
ICS is more effective than that with medium-dose ICS 
in terms of improving lung function and reducing severe 
exacerbations [8, 9]. Therefore, triple therapy is recom-
mended as a second-line treatment for patients with 
uncontrolled asthma who have received ICS/LABA 
therapy.

The impulse oscillometry system (IOS) can be used 
to assess the function of both large and small airways 
using the forced oscillation technique. IOS can detect 
subtle airway changes earlier than spirometry [10–12]. 

Our previous studies have revealed that phenotypic dif-
ferences in IOS parameters could be associated with the 
efficacy of ICS in asthma [13, 14]. However, only few 
studies have evaluated LAMA-induced airway changes 
with IOS for treating asthma.

In real-world asthma treatment, if a patient is diag-
nosed with uncontrolled asthma caused by dyspnea or 
cough, it may be necessary to switch from ICS/LABA to 
ICS/LABA/LAMA. Therefore, the current study aimed 
to assess the efficacy of LAMA in asthma treatment and 
its mechanism of action within the airways. Addition-
ally, we examined the types of asthma effectively treated 
with LAMA based on pulmonary function assessed using 
spirometry and IOS.

Method
Patients and treatment
This was a single-center retrospective observational 
study conducted at a primary care setting. A total of 1282 
consecutive patients with asthma who visited the Suga-
wara Internal Medicine and Respiratory Clinic between 
April 2021 and March 2023 were screened during the 
same period. Among them, 1164 presented with well- or 
partly controlled asthma, whereas 118 presented with 
uncontrolled asthma. Despite dual therapy with high-
dose ICS/LABA, 42 out of 73 patients with uncontrolled 
asthma were treated with LAMA. They received SITT 
(fluticasone furoate/umeclidinium bromide/vilanterol 
trifenate [FF/UMEC/VI]). Because the inclusion criteria 
included patients treated with high-dose ICS/LABA pre-
senting uncontrolled asthma, these patients were eligible 
for this study (Fig.  1). All patients had previously been 
diagnosed with asthma based on a history of respiratory 
symptoms such as wheezing, shortness of breath, chest 
tightness, and cough, which typically varied in frequency 
and intensity, and were treated according to the Global 
Strategy for Asthma Management and Prevention [1]. In 
total, 42 patients with uncontrolled asthma that had been 
well-controlled in the stable period (period 1) received 
FF/UMEC/VI (at baseline), followed by an assessment 
after 2  months (period 2, Fig.  2). The main symptoms 
of uncontrolled asthma were dyspnea in 17 patients and 
cough in 25 patients. Among the 17 patients with dysp-
nea-induced uncontrolled asthma, 7 were switched from 
FF/VI and 10 from non-FF/VI. Among the 25 patients 
with cough-induced uncontrolled asthma, 17 were clas-
sified as responders (9 who switched from FF/VI and 
8 from non-FF/VI) and 8 as nonresponders (2 who 
switched from FF/VI and 6 from non-FF/VI). Regarding 
to the criteria for responders in this study, we considered 
the LCQ score of 2.56 or more after treatment were rep-
resent significant improvement as previous paper [20].
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Therapeutic efficacy was assessed using the Japanese 
Health Questionnaire-33 (AHQ) or the Leicester Cough 
Questionnaire (LCQ) at baseline and every 2  weeks or 
2  months after treatment and the Asthma Control Test 
(ACT) at baseline and every 4 weeks after treatment. The 
experimental protocols and the research purpose were 
explained to all participants. The current study was con-
ducted in accordance with the Declaration of Helsinki 
and was approved by the Institutional Ethical Committee 
of the Sapporo Medical Association.

Measurements of IOS parameters and pulmonary function
A commercially available impulse oscillometry device 
(MasterScreen IOS, Jaeger, Germany) was used in 
accordance with the manufacturer’s recommendations 
[10]. The following parameters were evaluated: resistance 
at 5  Hz (R5, indicating total airway resistance), resist-
ance at 20  Hz (R20, representing central airway resist-
ance), difference between R5 and R20 (R5–R20, reflecting 

frequency dependence of resistance primarily sensitive 
to heterogeneous narrowing in the peripheral airways), 
reactance at 5  Hz (X5, reflecting the elastance of the 
lung parenchyma and chest wall in response to volume 
change), resonant frequency (Fres), and integrated area of 
low-frequency X (AX). The use of Fres and AX for detect-
ing the degree of obstruction in the peripheral airways 
has been previously proposed [15–17]. Following the IOS 
evaluation, pulmonary function tests were performed 
using spirometry (MasterScreen IOS, Jaeger, Germany). 
The tests were conducted to prevent the negative effects 
of forced expiration on the airways. The following param-
eters were assessed: percentage predicted forced vital 
capacity (%FVC), percentage predicted forced expiratory 
volume in 1 s (%FEV1), FEV1/FVC ratio, percentage pre-
dicted maximal mid-expiratory flow (%MMEF), and per-
centage predicted PEF (%PEF).

For the IOS parameters, only a few predicted values 
were available, and the asthma subtypes classified using 

Fig. 1  Flowchart of the 1282 consecutive patients treated with ICS/LABA between April 2021 and March 2023. Of these patients, 118 who 
presented with uncontrolled asthma switched treatment. Moreover, 42 patients taking high-dose ICS/LABA switched to high-dose ICS/LAMA/LABA

Fig. 2  Definition of period 1, baseline, and period 2. Baseline was defined as the time of diagnosis of uncontrolled asthma, period 1 was defined 
as the time of diagnosis of controlled asthma before switching inhaler within 1 year, and period 2 was defined as 2 months after switching to triple 
therapy, indicating well controlled asthma
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IOS were defined using the equations reported by Vogel 
et  al. [18]. According to the percentage predicted value 
of the IOS, four groups were established as follows: the 
central type, defined as R20 ≥ 100% and R5–R20 < 100%; 
the peripheral type, defined as R20 < 100% and R5–
R20 ≥ 100%; the mixed type, defined as R20 ≥ 100% 
and R5–R20 ≥ 100%; and the resistless type, defined as 
R20 < 100% and R5–R20 < 100% [13, 14].

AHQ, LCQ, and ACT​
The AHQ was administered for asthma with dyspnea, 
whereas the LCQ was administered for asthma with 
cough. Additionally, the ACT was administered. The 
Japanese version of the AHQ, an asthma-specific, health-
related quality of life questionnaire, has been previously 
developed [19]. The clinical validity of the AHQ was 
evaluated, and the results showed that it was reliable and 
valid for discriminative purposes, instilling confidence 
in its use in clinical research. The AHQ comprises six 
subscales (asthmatic symptoms, emotions, daily activi-
ties, factors that worsen symptoms, social activities, and 
economics). Furthermore, it consists of 32 items (graded 
0–4) and one face scale (graded 1–5). A higher AHQ 
score reflects a poorer health status across these 33 items.

Cough-specific QOL was evaluated using the Japa-
nese version of the LCQ (J-LCQ), which was translated 
from the original version and validated. It comprises 19 
questions covering three subdomains (physical, social, 
and psychological). Total scores range from 3 to 21, with 
higher scores indicating better QOL. A significant corre-
lation between J-LCQ and subjective cough severity and 
frequency was assessed [20, 21]. The use of the J-LCQ 
was approved by Surinder Birring, Akio Niimi, and 
Haruhiko Ogawa. The ACT is a validated, patient-com-
pleted measure of asthma control comprising five ques-
tions rated on a 5-point scale. It is used to assess activity 
limitation, shortness of breath, night-time symptoms, use 
of rescue medication, and overall rating of asthma con-
trol within the last 4  weeks [22]. A total ACT score of 
≥ 20 is considered the optimal cutoff point for well-con-
trolled asthma.

Statistical analysis
Data are expressed as means ± standard error of the 
mean. Differences between before and at baseline or 
between at baseline and after treatment were compared 
using paired or unpaired t-tests. Categorical variables 
were tested using the chi-square test. A P-value of < 0.05 
was considered statistically significant. Microsoft Excel 
2007 (Microsoft Corporation, USA), the Excel Statisti-
cal Program File (ystat2008.xls, Igakutosho-shuppan 
Ltd., Tokyo, Japan), and GraphPad Prism v7 software 
(GraphPad, Inc., San Diego, CA, USA) were used for data 

analysis and graph generation. Spearman’s correlation 
and JMP 13.0 (SAS Institute, Cary, NC, USA) were used 
to evaluate the coefficients of determination (ρ), residu-
als, and significance (p) to identify associations between 
pulmonary function test and IOS indices.

Results
Characteristics and pulmonary function of patients 
with uncontrolled asthma caused by dyspnea at baseline
Table  1 and Table  S1 show the characteristics of 17 
patients with asthma (FF/VI group: 7 patients switched 
from FF/VI, non-FF/VI group: 10 patients switched from 
non-FF/VI due to dyspnea). The mean age of the partici-
pants was 60.6  years (FF/VI group: 55.1  years, non-FF/
VI group: 64.5 years). The male-to-female ratio was 4:13 
(FF/VI group: 1:6, non-FF/VI group: 3:7). Seven patients 
had a smoking history. There were no significant differ-
ences between the FF/VI and non-FF/VI groups in terms 
of age, sex, body mass index, smoking status, atopy, blood 
eosinophil count, serum IgE level, and AHQ score. How-
ever, the ACT score of the non-FF/VI group was lower 
than that of the FF/VI group. According to spirom-
etry assessment, the non-FF/VI group had lower FEV1/
FVC, %MMEF, and PEF. In contrast, the IOS evalua-
tion showed no significant differences in all parameters 
between the two groups (Table 1 and Table S1).

Comparison of pulmonary function and therapeutic effects 
in the treatment of patients with uncontrolled asthma 
caused by dyspnea
Baseline was defined as the time of uncontrolled asthma 
diagnosis, period 1 as the time of well-controlled asthma 
diagnosis within 1  year from baseline, and period 2 as 
2 months after switching inhalers to triple therapy with 
well-controlled asthma (Fig. 2). In all patients compared 
between baseline and period 2, AHQ values significantly 
decreased, whereas ACT scores significantly increased 
(Table 1). Additionally, all patients exhibited significantly 
decreased pulmonary function based on spirometry 
results at baseline compared with period 1. Furthermore, 
spirometry parameters, except FEV1/FVC, improved 
close to their initial values after switching inhalers 
(Fig. 3, Table 1). For the FF/VI group, FEV1, %FEV1, and 
%FVC decreased at baseline and increased after adding 
LAMA. In contrast, spirometry values other than FEV1/
FVC worsened at baseline and improved after switching 
inhalers. The non-FF/VI group had a lower %MMEF than 
the FF/VI group before switching therapy. Moreover, 
there were significant differences in FEV1, %MMEF, and 
%PEF at baseline between the two groups. However, after 
switching therapy, FEV1, %MMEF, and %PEF did not sig-
nificantly differ between the two groups (Table S1).
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The absolute values of most IOS parameters at baseline 
were higher than those in period 1. Patients exhibited 
lower absolute values after switching than at baseline, a 
trend similar to the spirometry results (Fig.  3, Table  1). 
In the FF/VI group, there was a minimal decrease in the 
numerical value at baseline, and a significant improve-
ment was observed in X5, Fres, and AX. The absolute 
values of the non-FF/VI group were significantly higher 
at baseline and lower after switching inhalers. However, 
there was no significant difference in IOS parameters, 
except R20, between the FF/VI and non-FF/VI groups 
(Table S1).

Characteristics, comparison of pulmonary function, 
and therapeutic effects in the treatment of patients 
with uncontrolled asthma caused by cough
Twenty-five patients with uncontrolled asthma caused 
by cough switched to FF/UMEC/VI inhalers at baseline 

(Table  2, Fig.  4). Based on treatment outcomes, the 
patients were classified as responders (n = 17) and 
nonresponders (n = 8). There were no significant dif-
ferences in characteristics and LCQ scores at base-
line between the two groups. Among nonresponders, 
there were no significant differences in spirometry 
and IOS parameters between period 1 and baseline. 
Due to ethical reasons, pulmonary function tests were 
not performed on nonresponders who did not exhibit 
improvement in cough after triple therapy. Conversely, 
among all responders, all IOS parameters significantly 
differed between period 1 and baseline. However, no 
significant difference was observed in spirometry 
parameters other than %PEF. Thus, IOS seems capa-
ble of revealing differences between responders and 
nonresponders. In period 2, after switching to triple 
therapy, responders had significantly elevated FEV1, 
%FEV1, %MMEF, and %PEF based on spirometry and 

Table 1  Baseline characteristics and pulmonary function of patients with uncontrolled asthma caused by dyspnea

Data are presented as mean (SEM) or number (percentage). Differences between groups were tested using the paired t-test, unpaired t-test, or chi-square test. *: p < 
.05, **: p < .01

Treatment switch from All

Period 1 Baseline Period 2 Period1 vs baseline Baseline vs period2

p-value p-value

n 17

Characteristics of the patients

 Age (y) 60.6 (4.6)

 Sex (male:female), n 4:13

 BMI (kg/m2) 24.9 (1.2)

 Smoking status (smoker:never smoker), n 7:10

 Atopy (atopy:non-atopy), n 11:6

 Blood eosinophil count (cells/uL) 354.4 (95.6)

 Serum IgE (U/L) 730.9 (260.2)

Thearpeutic evaluation

 AHQ 32.8 (3.9) 12.7 (2.4) < 0.001**

 ACT​ 19.6 (0.7) 24.2 (0.2) < 0.001**

Spirometry

 FEV1 (L) 2.28 (0.22) 1.96 (0.24) 2.26 (0.23) < 0.001**  < 0.001**

 %FEV1 predicted 95.6 (4.5) 81.3 (4.5) 96.2 (4.6) < 0.001**  < 0.001**

 %FVC predicted 99.9 (4.3) 87.8 (3.9) 102.0 (4.4) < 0.001**  < 0.001**

 FEV1/FVC ratio 78.6 (2.4) 75.1 (2.5) 77.2 (2.5) 0.021* 0.21

 %MMEF predicted 67.6 (6.8) 48.1 (7.8) 64.9 (7.7) < 0.001** 0.001**

 %PEF predicted 100.4 (5.5) 81.7 (6.5) 98.7 (6.6) < 0.001**  < 0.001**

Impulse oscillometry

 R5, (kPa/L/s) 0.32 (0.01) 0.39 (0.02) 0.30 (0.01) 0.003** 0.001**

 R20 (kPa/L/s) 0.26 (0.01) 0.32 (0.02) 0.25 (0.01) 0.005** 0.001**

 R5–R20, kPa/L/s 0.06 (0.01) 0.08 (0.02) 0.06 (0.01) 0.03* 0.017*

 X5 (kPa/L/s) − 0.12 (0.01) − 0.19 (0.03) − 0.13 (0.01) 0.013* 0.014*

 Fres ( Hz) 13.9 (1.2) 16.0 (1.4) 13.9 (1.2) 0.002** 0.004**

 AX (kPa/L) 0.51 (0.10) 1.02 (0.21) 0.57 (0.11) 0.004** 0.004**
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increased R5, R20, X5, Fres, and AX based on the IOS 
evaluation. When responders were categorized into 
the FF/VI and non-FF/VI groups, significant differ-
ences were observed in IOS variables such as R5-R20, 
Fres, and AX compared to spirometry parameters 
(Table S2).

Comparison of therapeutic effects based on asthma 
subtypes classified via impulse oscillometry
Patients with uncontrolled asthma (n = 42) were clas-
sified into four subtypes according to the IOS param-
eters, as in our previous study (Fig.  5). Among 17 
patients with uncontrolled asthma caused by dyspnea, 
7 exhibited the central type, 7 the peripheral type, and 
3 the mixed type. Patients with all subtypes showed 
increased FEV1, and there was no significant difference 
in terms of the change in FEV1 between the subtypes. 
Seventeen patients with uncontrolled asthma caused 
by cough, who experienced symptom improvement 
with LAMA, were classified as follows: 3 with the cen-
tral type, 8 with the peripheral type, 1 with the mixed 
type, and 5 with the resistless type. These patients 
showed improved LCQ scores, and no significant dif-
ference was observed in terms of the change in LCQ 
between the subtypes.

Discussion
For a long time, muscarinic antagonists were considered 
effective only for chronic obstructive pulmonary disease 
(COPD), not for asthma, primarily due to the perceived 
minimal cholinergic component of bronchoconstriction 
compared to the direct constrictor effects of inflamma-
tory mediators or leukotrienes [23]. However, studies on 
tiotropium as a LAMA have demonstrated that LAMAs 
are as effective as LABAs in terms of bronchodilation, 
patient-reported outcomes, and exacerbations [24, 25]. 
Recently, the efficacy of LAMAs as add-on therapy in 
patients with asthma experiencing persistent symptoms 
or exacerbations despite optimized ICS/LABA treatment 
has been evaluated [26]. IOS parameters have been found 
to be more sensitive in predicting poor symptom con-
trol and exacerbations than spirometry in patients with 
asthma [27–29]. Additionally, a recent randomized con-
trolled trial investigating persistent asthma with triple 
therapy revealed improvement in small airway resistance 
by reducing the trough IOS index R5–R20 [30]. However, 
few studies have examined the association between IOS 
parameters and asthma outcomes in patients receiving 
additional LAMA therapy. Randomized clinical stud-
ies investigating SITT in asthma treatment (TRIMA-
RAN combined with TRGGER, IRIDIUM, ARGON, and 
CAPTAIN) [31–34] have shown that SITT has a more 

Fig. 3  Comparison of spirometry and impulse oscillometry data in patients with uncontrolled asthma caused by dyspnea. The differences 
between period 1 and baseline or between baseline and period 2 were analyzed using the unpaired t-test, *: p < 0.05, **: p < 0.01
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Fig. 4  Comparison of spirometry and impulse oscillometry data in patients with uncontrolled asthma caused by cough. The differences 
between period 1 and baseline or between baseline and period 2 were analyzed using the unpaired t-test, *: p < 0.05, **: p < 0.01

Fig. 5  Comparison of therapeutic effects (Δ FEV1: change in FEV1 or Δ LCQ: change in LCQ) in asthma subtypes classified via impulse oscillometry. 
The asthma subtypes classified with IOS were defined using the equations reported by Vogel et al. According to the percentage predicted value 
of the IOS, four groups were defined as follows: the central type (open circle), defined as R20 ≥ 100% and R5–R20 < 100%; the peripheral type (closed 
circle), R20 < 100% and R5–R20 ≥ 100%; the mixed type (closed triangle), R20 ≥ 100% and R5–R20 ≥ 100%; and the resistless type (open triangle), 
R20 < 100% and R5–R20 < 100%. Differences among the subtypes were analyzed using nonrepeated analysis of variance
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consistent effect on pulmonary function than ICS/LABA. 
However, its benefits against exacerbations were less 
consistent, although observed in two studies. Therefore, 
the present study aimed to determine the potential IOS 
parameters affected by LAMA in the airways, focusing on 
uncontrolled asthma. To the best of our knowledge, this 
is the first study to demonstrate an association between 
uncontrolled asthma symptoms and central and periph-
eral airway dysfunction, evaluated using IOS parameters, 
and to show that LAMAs can act on both large and small 
airways.

In this study, uncontrolled asthma is defined as expe-
riencing three or four of the following asthma symptoms 
in the past 4  weeks: daytime asthma symptoms occur-
ring more than twice per week, any night waking due 
to asthma, SABA reliever use for symptoms more than 
twice per week, and any activity limitation due to asthma, 
associated with decreased pulmonary function and exac-
erbation. Asthma exacerbation is characterized by a 
progressive increase in symptoms such as shortness of 
breath, cough, wheezing, chest tightness, and a progres-
sive decrease in lung function, representing a deviation 
from the patient’s usual status that necessitates treatment 
modification [4]. Among the 42 patients with uncon-
trolled asthma, 17 presented with dyspnea and 25 with 
cough. Furthermore, comparisons were made between 
FEV1 and IOS measurements of patients diagnosed with 
well-controlled asthma (period 1) and those with uncon-
trolled asthma (at baseline) as well as between baseline 
and after switching treatment (period 2).

Among the 17 patients with uncontrolled asthma 
mainly caused by dyspnea, 7 received additional treat-
ment with LAMA, whereas 10 underwent an ICS modi-
fication. The FEV1 of all 17 patients decreased during the 
period of uncontrolled asthma symptoms and increased 
after switching treatments. This pattern was consist-
ent across the two categorized groups, whose inhalation 
therapies before switching were either FF/VI or non-
FF/VI. In the CAPTAIN study, the addition of LAMA 
alone resulted in a 260 mL increase, and switching from 
ICS + LABA to SITT led to a 350  mL increase in FEV1. 
Our data corroborate these findings. Additionally, we 
believe that switching to SITT may improve respiratory 
function through a synergistic interaction among the 
three drugs, as observed in a recent study [34].

In this study, IOS values were compared across three 
periods: period 1 (well-controlled asthma), baseline 
(uncontrolled asthma), and period 2 (well-controlled 
asthma), yielding R20 values of 0.26, 0.32, and 0.25, 
respectively. These results indicate significant differences 
between period 1 and baseline as well as between base-
line and period 2. Similarly, AX values were recorded as 
0.51 in period 1, 1.02 at baseline, and 0.57 in period 2, 

also showing significant differences between baseline and 
period 1 and between baseline and period 2. The switch 
to SITT demonstrated notable effects on R20, reflecting 
central airway function, and AX, representing peripheral 
airway function. Furthermore, it appeared that LAMA 
influenced R5-R20, X5, Fres, and AX, indicative of small 
airway functionality. A recent retrospective study on 69 
patients with difficult-to-treat asthma revealed that those 
with poorly controlled asthma exhibited higher R5–
R20 and Fres values compared to those with well-con-
trolled asthma [27]. Another study assessing childhood 
asthma control revealed that R5–R20 is an important 
IOS-defined small airway parameter associated with 
uncontrolled asthma [28]. In this study, R20, a key air-
way parameter, and AX, which represents the peripheral 
airway, were associated with the addition of LAMA. An 
in silico study of COPD assessed functional respiratory 
imaging findings, and the central-to-peripheral airway 
deposition ratios compared between BDP/GLY/FOR and 
FF/UMEC/VI were 0.48 vs. 1.96 for ICS, 0.48 vs. 0.97 for 
LABA, and 0.49 vs. 1.20 for LAMA. Contrary to COPD, 
FF/UMEC/VI with almost equal central and peripheral 
deposition for LABA and LAMA components might have 
a potential clinical advantage in asthma [35]. Our data 
support the findings that central and peripheral airway 
dysfunction are associated with asthma development.

Twenty-five patients with uncontrolled asthma caused 
by cough were treated with LAMA and compared in two 
groups: responders (n = 17) and nonresponders (n = 8). 
Neither group presented with a decrease in FEV1 at base-
line compared to Period 1, and the IOS values did not 
change in nonresponders. However, in responders, R20 
was 0.26 (Period 1), 0.29 (at baseline), and 0.23 (Period 2), 
and AX was 0.54 (Period 1), 0.82 (at baseline), and 0.52 
(Period 2), indicating significant differences in both IOS 
parameters between baseline and period 1 and between 
baseline and period 2 (Fig.  4). A recent study revealed 
that tiotropium may alleviate asthmatic cough refrac-
tory to ICS/LABA by modulating capsaicin cough reflex 
sensitivity [36]. In another report, the capsaicin provo-
cation test for patients with chronic cough had a lower 
capsaicin cough threshold than patients with asthma and 
healthy controls. However, there were no significant dif-
ferences in terms of R20 or AX for IOS [37]. Consistent 
with this result, the current study showed that R20 or 
AX did not change during well- and uncontrolled asthma 
in nonresponders refractory to SITT. Additionally, we 
believe that patients with asthma who present with 
cough seem to be refractory to treatment if IOS fluc-
tuations are not observed. Furthermore, responders had 
higher LCQ scores, and they presented with a minimal 
but significant increase in FEV1 and significant changes 
in most IOS parameters than those with uncontrolled 
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asthma symptoms and those who switched treatment. 
In the analysis of the subgroup of responders, both the 
FF/VI and non-FF/VI groups showed significant changes 
similar to R20, Fres, and AX. These findings suggest that 
IOS may be valuable in evaluating the effects of LAMA 
on asthma, complementing the effects of previously 
reported ICS and LABA.

Moreover, in our previous study, we observed a differ-
ence in efficacy between central type (large airway) and 
peripheral type (small airway) based on IOS parameters 
in ICS and LABA. Therefore, we also examined changes 
in FEV1 and LCQ due to the adding LAMA, and the 
therapeutic effects on asthma subtypes. However, no dif-
ference was observed between the subtypes (Fig. 5). This 
paradoxically indicates that LAMA may show the poten-
tial to improve asthma symptoms and pulmonary func-
tion by acting on both peripheral and central airways.

The current study had several limitations. First, being 
a single-center retrospective study, it is subject to vari-
ous biases concerning patient selection, drug selection, 
and other variables. The classification of the two groups 
as cough-dominant or dyspnea-dominant relied on clini-
cal judgment, which has a weaker scientific basis than 
numerical classification criteria, representing a study 
limitation. Regarding drug selection, although we con-
firmed the absence of differences between the FF/VI and 
non-FF/VI groups in the first period (stable) and at base-
line (uncontrolled asthma), we cannot definitively state 
that there was no selection bias. Additionally, eight non-
responders with uncontrolled asthma caused by cough 
could not undergo spirometry and IOS evaluation after 
treatment with FF/UMEC/VI due to ethical reasons. 
They have the right to abstain from undergoing tests 
deemed meaningless during the treatment course, as the 
LCQ indicating low treatment efficacy is considered suf-
ficient. Finally, this small retrospective study included 
only 42 patients. Furthermore, our follow-up period 
was short; hence, a long-term prospective study should 
be performed to confirm these findings. Although the 
current findings are preliminary, this is the first report 
showing the efficacy of LAMA in patients with uncon-
trolled asthma caused by dyspnea or cough. We believe 
that these findings are important, especially in real-world 
clinical practice.

Conclusions
Managing patients with uncontrolled asthma treated 
with high-dose ICS/LABA can often be challenging. 
In some of these cases, recommending the addition 
of LAMA, rather than other therapeutic options such 
as ICS switching or oral steroids, may be preferable. 
To the best of our knowledge, this is the first report 

demonstrating that LAMA can alleviate uncontrolled 
asthma symptoms by targeting both small and large 
airways, as evaluated through IOS. Furthermore, we 
have shown that the response of small and large airways 
to LAMA may be associated with improved respira-
tory function. Therefore, even in real-world scenarios, 
LAMA may effectively address various asthma pheno-
types characterized by airway inflammation.
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