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Abstract 

Background  In western Yokohama, our hospital and primary care clinics manage adults with asthma via a coordi-
nated care system. We investigated the changes in the fractional expired nitric oxide (FeNO), forced expiratory volume 
in 1 second (FEV1), and forced oscillation technique (FOT) parameters over 3 years in a cohort of patients in our col-
laborative system.

Methods  From 288 adults with well controlled asthma managed under the Yokohama Seibu Hospital coordinated 
care system between January 2009 and May 2018, we selected 99 subjects to undergo spirometry, FeNO and FOT 
testing over 3 years and analyzed the changes in these parameters.

Results  Of the 99 patients enrolled, 17 (17.2%) experienced at least one exacerbation (insufficiently controlled 
(IC)), whereas, 82 (82.8%) remained in well controlled during the 3-year study period. Of well-controlled patients, 54 
patients (54.5%) met the criteria for clinical remission under treatment (CR); the remaining 28 patients did not meet 
the CR criteria (WC). There were no differences in FeNO, FEV1, or FOT parameters at baseline among the IC, WC, and CR 
groups. The levels of FEV1 decreased gradually, whereas the levels of FeNO decreased significantly over 3 years. The 
levels of percent predicted FEV1 (%FEV1) significantly increased. We also observed significant improvement in FOT 
parameters; reactance at 5 Hz (R5), resonant frequency (Fres), and integral of reactance up to the resonant frequency 
(AX). The CR group demonstrated significant relationships between the change in FeNO and the change in FEV1 
and between the change in FEV1 and the change in FOT parameters. No significant correlations emerged in the IC 
or WC group.
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Introduction
Asthma is a disease “characterized by chronic eosino-
philic airway inflammation, which clinically manifests as 
variable bronchoconstriction (wheezing, dyspnea, chest 
tightness, and cough)” [1] and exacerbations of sud-
den, reversible airway narrowing. Treating with inhaled 
corticosteroids and managing acute exacerbation are 
important for controlling chronic inflammation and 
preventing deterioration in lung function. Creating an 
environment where it is easy for patients with asthma to 
adhere to their preventive treatment is essential. Given 
the high prevalence of asthma, it is reasonable for pri-
mary care doctors to manage patients who have stable 
disease. Furthermore, according to another recent study, 
approximately 30% of people with stable asthma treated 
by primary care doctors achieved remission when reas-
sessed in 12 months [2]. However, it is difficult for pri-
mary care doctors to manage exacerbations at night or 
on holidays, conduct specialized examinations, or ade-
quately evaluate and adjust asthma treatments.

In a previous study [3], researchers compared frac-
tional expired nitric oxide (FeNO), forced expiratory 
volume in 1 second (FEV1), and symptom-based strate-
gies as indicators for adjusting treatment in patients with 
mild-to-moderate asthma. Whereas each study indica-
tor improved, others remained unchanged. The results 
highlighted the limitation of using a single assessment 
method to guide appropriate asthma management.

In recent years, patients with asthma have been bet-
ter controlled with drugs, and the number of extremely 
stable patients is increasing. Although there is no cur-
rent cure for asthma, the concept of “clinical remission”, 
as applied to other autoimmune diseases, has been pro-
posed [4, 5]. Clinical remission is defined as the absence 
of symptoms or exacerbations for at least 12 months, 
and a percent predicted FEV1 (%FEV1) > 80%. Com-
plete remission is further defined as the normalization 
of the underlying pathology. It is thought that a group 
of patients with asthma in the study cited above [2] had 
achieved clinical remission. Furthermore, that there are 
likely stable patients managed by primary care physicians 
who meet the criteria for clinical remission.

The forced oscillation technique (FOT) has attracted 
attention as a management method for asthma, because 

it enables providers to measure respiratory system resist-
ance during rest ventilation non-invasively [6]. In sup-
port of its usefulness, we showed previously that among 
the FOT indicators, Fres correlated with reversibility in 
stable asthma [7]. We now theorize that the FOT indices 
may be useful in determining the degree of stability, in 
patients with stable asthma.

More than ten years ago, our hospital established a 
cooperative system of coordinated care with our primary 
care clinics to manage patients with asthma. We previ-
ously reported on the program’s progress [8], but we 
could not predict which patients with controlled asthma 
were at risk for exacerbations. Prior reports suggested 
that increases in FeNO and large decreases in FEV1 may 
be useful predictors of exacerbations [9]. Thus, maintain-
ing markers of Since residual airway inflammation within 
the target range is a necessary condition for effective 
asthma control [1].

The above evidence combined with our hospital experi-
ence led us to hypothesize that a) FeNO, FEV1, and FOT 
indices could be used to predict future exacerbations in 
patients receiving stable asthma management, and b) reg-
ular treatment review by primary care physicians could 
prevent future exacerbations. Guided by these hypoth-
eses, we investigated whether FeNO, FEV1, and FOT 
indices could predict exacerbations over the 3-year study 
period and prevent respiratory function deterioration in 
adults with asthma managed by primary care physicians.

Methods
This study was conducted at the Department of Respira-
tory Medicine, St. Marianna University Yokohama Seibu 
Hospital from January 2009 to May 2018. We recruited 
99 patients (75 women) to be constantly followed with 
FeNO, FEV1, and FOT for 3 years from among 288 
patients (201 women) in the coordinated care system for 
asthma who entrusted their usual care to primary care 
physicians (Table 1) [8].

Asthma was diagnosed in patients with bronchodila-
tor-responsive sudden cough, wheezing, and dyspnea 
according to the Asthma Prevention and Management 
Guideline in Japan at the time [1, 10, 11]. The physi-
cian in charge confirmed the diagnosis in patients with 
eosinophilic airway inflammation and reversible airway 

Conclusion  The decrease in FeNO and increase in %FEV1, we observed in all study participants suggest that the coor-
dinated care system model benefits patients with asthma. Although it is difficult to predict at baseline which patients 
will experience an exacerbation, monitoring changes in FeNO and FEV1 is useful in managing patients with asthma. 
Furthermore, monitoring changes in R5, Fres, and AX via forced oscillation technique testing is useful for detecting 
airflow limitation.
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narrowing. Specialists in respiratory medicine prescribed 
medications based on the guideline. We excluded 
patients with respiratory disease complications, pregnant 
or lactating patients, and patients who were lost during 
follow-up. If one or more perennial inhalation allergens 

(house-dust, mite, dog, cat, Aspergillus, Alternaria, moth, 
cockroach, or midge) were positive, the patient was clas-
sified as atopic [1]. Usual medical care was provided by 
the primary care physician. An asthma exacerbation was 
defined as a) hospitalization, b) an unscheduled medical 

Table 1  Baseline characteristics of patients of this study. FeNO: fractional exhaled nitric oxide. FEV1: forced expiratory volume 
in 1 second, FOT: forced oscillation technique, R5: the respiratory sistances at 5 Hz, R20: the respiratory resistances at 20 Hz, X5: the 
impedance at 5 Hz, Fres: the resonant frequency as Fres (Hz), Ax: the integral of reactance up to the resonant frequency
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visit due to asthma, or c) the need for additional doses of 
oral steroids [1]. If there was an exacerbation, the patient 
or the primary care physician added treatment as indi-
cated in the action plan established at study enrollment. 
Based on the information recorded in the cooperation 
records and the Japanese asthma guideline criteria [1], 
the patient’s control status was classified into one of three 
categories: patients who experienced one exacerbation or 
more in 3 years were classified as insufficiently-controlled 
group (IC). When asthma symptoms occurred less than 
once a month, or a short acting beta2 agonist (SABA) less 
than once a month, and when FEV1 remains at least 80 
% of the predicted value or the person’s best value, and 
there were no nighttime symptoms, or restrictions in 
daily life activities, patients were categorized as well con-
trolled (WC) [1]. Among well-controlled patients, those 
who remained asymptomatic for 3 years, required no 
additional medication, and maintained a %FEV1 > 80 % 
were classified as clinical remission under treatment (CR) 
[4] (Fig. 1).

During the each yearly collaborative follow-up, FeNO, 
FOT indices, and spirometry were all assessed in that 
order. All physiological examinations were performed by 
clinical technologists.

The FeNO was measured using the NIOX-VERO FeNO 
analyzer (Chest Co., Tokyo, Japan) according to the 
instruction manual. With the device in place, the patient 
was asked to exhale at 50 ml/s after maximum inspira-
tion. The value at which the patient could exhale well was 
taken as the measured value [12].

The FOT measurements were performed using the 
MostGraph-01 (Chest Co., Tokyo, Japan) [6]. The device 
provides continuous respiratory system resistance (Rrs) 

and impedance (Xrs) measurements in the frequency 
range of 5–35 Hz. The patients performed rest ventila-
tion while compressing their cheeks to prevent attenua-
tion due to vibration, and measurements were started at 
a stable stage. The mean value of 5 rest breaths was cal-
culated automatically, and the mean value of inspiration 
and expiration was used as the measured value. The cal-
culated resistances at 5 Hz and 20 Hz were expressed as 
R5 (cmH2O/L/S) and R20 (cmH2O/L/S), respectively. The 
impedance at 5 Hz was expressed as X5 (cmH2O/L/S), the 
resonant frequency as Fres (Hz), and the integral of reac-
tance up to the resonant frequency as AX (cmH2O/L/S 
* Hz). The mean value of the whole respiratory cycle 
(inspiration and expiration) was evaluated.

Spirometry was performed using the CHESTAC 8800 
(Chest Co., Tokyo, Japan) according to the guidelines for 
respiratory function tests [13]. The measured FEV1 was 
defined as the FEV1 at which maximal expiratory flow 
was achieved from maximal inspiratory flow and expira-
tory flow was satisfactory according to the flow volume 
curve. The FEV1 relative to the predicted value was 
expressed as %FEV1.

Statistical analysis was performed using JMP Pro ver. 14 
(SAS Institute). The difference between the baseline value 
and the 3-year follow-up value was evaluated as delta (Δ). 
Each index was expressed as a frequency or mean and 
standard deviation, or a median and interquartile range. 
When the difference between groups was normally dis-
tributed, the student t test was performed. Otherwise, 
the Wilcoxon test was performed. For the association of 
the frequency of each index, the χ2 test was performed. 
Spearman’s rank correlation test was performed for the 
correlation between indices, and the rank correlation 

Fig. 1  Patient characteristics at study enrollment
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coefficient (ρ) and P value were calculated. In all calcu-
lations, P < 0.05 was regarded as statistically significant. 
Multiple regression analysis was used to investigate the 
relationships among ΔFEV1 and other parameters in the 
CR group and the standard partial regression coefficient 
(β) was calculated.

This study complied with the Declaration of Helsinki and 
was approved by the Ethics Committee of St. Marianna 
University School of Medicine (No. 4104). This study was a 
survey of normal clinical examinations. Therefore, the con-
tents of the research were posted at our hospital and on the 
St. Marianna University website homepage; the research 
methods were freely available to interested study partici-
pants. The Ethics Committee of St. Marianna University 
School of Medicine waived the requirement for written 
informed consent owing to the retrospective nature of the 
study; participants were also given the option to opt-out.

Results
The baseline demographic characteristics of the 99 par-
ticipants are shown in Table 1 and Fig. 1. All patients met 
the criteria for well controlled asthma at baseline. Of all 
the study participants,17 had at least one exacerbation in 
3 years and were assigned to the insufficiently-controlled 
group (IC). A total of 82 patients met the criteria to cat-
egorized well controlled. Of the group, 54 patients met 
the criteria to be included in the clinical remission under 
treatment group (CR), and 28 patients did not meet the 
CR group criteria (WC group) (Fig. 1). Participants met 
the inclusion criteria for the WC group, if their symp-
toms were triggered less than once per month and their 
SABA use was 1-6 times per year. No patients experi-
enced nocturnal symptoms during 3-year study periods. 
In the IC group (n=17), 5 patients required oral ster-
oids, 1 required hospitalization, 3 required unscheduled 

Table 2  FeNO, FEV1, and FOT parameters at baseline, 1 year, 2 year and 3 years

Table 3  The relationship of change in FeNO, FEV1, and FOT parameters over 3 years
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medical visit due to asthma, 2 needed a step up of their 
treatment, and 6 needed drug adjustments. All asthma 
exacerbations in the IC group were mild, and their fre-
quency did not exceed one per year. In the CR group 
(n=54), 4 patients had their treatment stepped down.

The changes in FeNO, FEV1, and FOT indices over time 
are shown in Table 2(a). A significant decrease in FeNO 
was noted in the 2nd and 3rd years. The FEV1 decreased 
significantly over time, whereas the %FEV1 significantly 

increased. The predicted FEV1 decreased significantly. 
No substantial changes were noted in R5 and R20. The 
increase in X5 and decreases in Fres and AX were all 
significant.

To observe asthma management over the 3-year study 
period, we investigated the relationships among indices. 
Using the difference between the baseline and 3-year 
measures as delta (Δ), we found a significant negative 
correlation between Δ FeNO and Δ FEV1 (Table 3, Fig. 2), 

Fig. 2  The relationship between ΔFEV1 and ΔFeNO. ●: clinical remission under treatment group, ▲: well controlled group, and X: insufficiently 
controlled group

Table 4  Comparison in FeNO, FEV1, and FOT parameters of in the clinical remission group, well controlled group, or insufficiently 
controlled group at baseline
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Fig. 3  The annual changes in FeNO (a), FEV1 (b), %FEV1 (c), R5 (d), R20 (e), X5 (f ), Fres (g), and AX (h) over 3 years. *P < 0.05 vs baseline, **P < 0.01 vs 
baseline by ANOVA or Wilcoxon test. ●: clinical remission under treatment group, ▲: well controlled group, and X: insufficiently controlled group
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whereas no significant relationship was found between Δ 
FeNO and changes in the FOT indices. A significant cor-
relation was also found between Δ FEV1 and changes in 
all FOT indices except Δ X5. The correlation coefficient 
was highest for Δ Fres (Table 3).

At started above, we assigned patients to one of three 
groups—a) clinical remission under treatment (CR), b) 
well controlled but not in clinical remission (WC), and 
c) insufficiently-controlled (IC)—based on the presence 
of exacerbation symptoms during the 3 years. None of 
the physiological indices differed significantly among the 
three groups at baseline (Table 4).

A comparison of the secular changes in each index at 
annual intervals is shown in Fig. 3. The CR group showed 
a significant decrease in FeNO in the 2nd and 3rd years, 
and the WC group showed a significant decrease in FeNO 
in the 2nd year (Figure3a). The CR group also showed a 
significant decrease in FEV1, whereas no change was 
observed in the WC group or increased in the IC group 
(1st, 2nd, and 3rd year) (Fig. 3b). Conversely, the WC group 
in years 1 and 2 and the CR group in year 3 showed sig-
nificant increases in %FEV1, whereas no change was seen 
in the IC group (Fig 3c). In addition, no statistically sig-
nificant changes in R5 and R20 were observed in any of 
the groups (Fig. 3d, e). The CR group in the 1st, 2nd, 3rd 
years and WC group in the 3rd year each showed a signifi-
cant increase in X5 (Fig. 3f ). Moreover, the CR group in 
the 1st, 2nd, 3rd years and IC group in the 2nd year showed 
significant decreases in Fres (Fig.  3g). The CR group in 
the 1st, 2nd, 3rd years also showed significant decreases 
AX in all 3 years (Fig. 3h). Evaluation of each index dem-
onstrated no significant difference among the 3 groups at 
baseline or in the 1st, 2nd, and 3rd years.

Table  5 shows the difference in the change in each 
index among the CR, WC, and IC groups during the 
3-year study period. No significant differences in the 
change in each index were observed despite the presence 
of exacerbation in the IC group

The relationships between the changes in the FOT 
indices in CR, WC, and IC groups are shown in Table 6. 
Whereas no significant correlations were found in the 
WC and IC groups, there were significant relationships 
between Δ FeNO and Δ FEV1, and Δ FEV1 and each FOT 
index change in the CR group. Multiple regression analy-
sis revealed a significant correlation between ΔFEV1 and 
ΔFeNO in the CR group, independently ΔAX , age and 
sex (Table 7).

Discussion
In this study, we examined the changes in FeNO, FEV1, 
and FOT indices over 3 years in 99 patients with asthma 
managed via a hospital-clinic collaboration system. In 
our system, all patients with asthma who are well con-
trolled at baseline receive regular examinations by pri-
mary care physicians and are managed in our clinics 
collaboratively with the hospital. Over the 3-year study 
period, 54 patients maintained CR, whereas 17 patients 
(17.1%) had exacerbations. This finding underscores the 
importance of regular reevaluation for patients with con-
trolled asthma.

In the patients we studied, the levels of FeNO tended 
to decrease over 3 years (Table  3). A previous study [9] 
reported that FeNO reflected airway inflammation 
and continuously high levels of FeNO were associated 
with greater decreases in FEV1 and progressive airway 
remodeling. In our previous study [7], we observed that 

Table 5  Comparison of change in FeNO, FEV1, and FOT parameters in the clinical remission group, well controlled group, or 
insufficiently controlled group over 3 years



Page 9 of 12Tsuburai et al. BMC Pulmonary Medicine          (2024) 24:214 	

high FeNO levels also reflected bronchial reversibility in 
patients with asthma controlled with medication. Inter-
estingly, in the current study, despite a decrease in FEV1, 
the %FEV1 tended to increase. Since predicted FEV1 
decreases with age, the %FEV1, seems to more accurately 
reflect the patient’s actual condition. The improved air-
way inflammation and well-maintained respiratory func-
tion we observed in our study patients lend additional 
support to this finding.

Regarding each FOT index, we found no significant 
trends in R5 and R20 among the 3 groups; rather, X5, Fres, 
and AX significantly improved in all groups. Previous 
reports have shown FEV1 to be highly correlated with Fres 
in asthma [14], while X5, Fres, and AX correlate highly 
with airway reversibility [7, 15]. Correlating %FEV1 with 
X5, Fres, and AX can be useful for following patients with 
asthma, and the change in FEV1 is related to the change 
in R5 [16]. The difference in X5 between inspiration and 

Table 6  The relationships between the changes in indices in the clinical remission group, well controlled group, or insufficiently 
controlled group
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expiration helps to differentiate asthma from COPD 
[17]. Therefore, monitoring levels of X5, Fres, and AX 
in patients with asthma seems valid. The differences we 
observed in R5 and R20 from those previously reported, 
may be explained by the effects of age, sex, and body mass 
index (BMI) [18]. Therefore, the results may be inconsist-
ent and depend on the patient’s characteristics.

The significant correlation between the decrease in 
FeNO and the increase in FEV1 over the 3-year study 
period (Table 3, Fig. 2) suggests that the control of airway 
inflammation was reflected in the improved FEV1. More-
over, the significant correlations we observed between 
the FOT indices and Δ FEV1, but not Δ FeNO, support 
previous reports which found no relationship between 
FeNO and any FOT index [6, 7, 14]. Thus, each index 
probably reflects a different aspect of asthma.

We found no significant differences among the three 
groups at baseline (Table 4) and in the change in param-
eters over 3 years (Table 5, Fig. 3). In addition, there was 
a significant inverse correlation between Δ FeNO and 
Δ FEV1, and correlations between Δ FEV1 and changes 
in FOT parameters in the CR group, whereas no signifi-
cant tendencies were observed in the WC and IC groups 
(Table  6). Our results illustrate that improvement in 
airway inflammation is associated with improved res-
piratory function in patients who’ve achieved clinical 
remission, but the relationship between airway inflam-
mation and respiratory function is less clear in patients 
whose asthma is not fully controlled. Our findings from 
multiple regression analysis in the CR group, ΔFEV1 cor-
related independently with ΔFeNO supports prior reports 
that bronchoconstriction improves if inflammation is sup-
pressed throughout the course of the disease (Table  7). 
A recent study [3] showed that although correlations 
between FeNO, FEV1, and clinical symptoms have been 
reported in patients with asthma, the relationships may 
only persist in patients whose disease is fully controlled.

Evidences also suggests that FeNO and FEV1 [19], 
and FeNO and FOT parameters [20] can predict airway 
hyperresponsiveness to some extent. Furthermore, modi-
fying treatment based on symptoms, respiratory func-
tion, and FeNO helps to prevent future exacerbations in 
patients with mild-to-moderate asthma [3]. Therefore, we 
propose evaluating these parameters in combination and 
keeping them favorable to avoid future exacerbations. 
Among the FOT indices, Fres and AX seem to reflect the 
change of FEV1 well, especially, in patients with well-con-
trolled asthma managed by primary care physicians as in 
this study. Therefore, Fres and AX can serve as manage-
ment indicators. Our previous study showed that Fres 
and X5 levels correlated with bronchial reversibility in 
patients with low FeNO [7]. A particular advantage of 
FOT is that it requires minimal patient effort; additional 
studies are needed to determine its usefulness as an 
asthma management tool.

The limitations of this study include the following: a) 
because it was conducted in a single center, the charac-
teristics unique to the western medical care area of Yoko-
hama City are strongly evident and cannot be directly 
applied to other medical care areas; b) because there are 
no similar reports, it is not possible to make comparisons 
to other areas or to perform propensity score matching; 
c) the study was not designed to determine the effect of 
the presence or absence of the hospital-clinic collabora-
tion system; d) because treatment is adjusted according 
to clinical needs during the course of the disease, only 
the CR group can be said to reflect the natural course of 
asthma control; and e) because only patients with rela-
tively good compliance can remain in the collaboration 
system, the status of those who discontinued the program 
due to complications is unknown; f ) Almost patients 
were well controlled, making it difficult to understand the 
usefulness of FeNO, spirometry, or FOT. These limita-
tions require additional research.

Table 7  The results of multiple regression analysis in the clinical remission under treatment group
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In conclusion, our study illustrates the need to reevalu-
ate and regularly following patients with well-controlled 
asthma who are managed by primary care physicians in our 
hospital-clinic collaboration system to prevent exacerba-
tions and preserve their pulmonary function. In addition, 
we suggest that FeNO, %FEV1, and Fres are useful indices 
to follow in the ongoing care of patients with asthma.

Abbreviations
FeNO	� fractional exhaled nitric oxide
FEV1	� forced expiratory volume in 1 second
FOT	� forced oscillation technique
R5	� the respiratory sistances at 5 Hz
R20	� the respiratory sistances at 20 Hz
X5	� the impedance at 5 Hz
Fres	� the resonant frequency as Fres (Hz)
Ax	� the integral of reactance up to the resonant frequency

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s12890-​024-​03040-7.

Supplementary Material 1. 

Acknowledgements
We would like to express our deepest gratitude to all the cooperating 
institutions, the Asahi Medical Association, the Seya Medical Association, the 
Department of Rehabilitation, the Division of Nutrition, the Laboratory Divi-
sion, and the Emergency Medical Center, St. Marianna University Yokohama 
Seibu Hospital. Summaries of this study were presented at the 70th Annual 
Meeting of the Japanese Society of Allergology (led by Dr. Baku Oyama), the 
62nd Annual Meeting of the Japanese Society of Respirology (led by Dr. Baku 
Oyama), and the 122nd Annual Meeting of the Japanese Society of Internal 
Medicine (led by Dr. Satoshi Tanaka).

Authors’ contributions
TT designed the study and wrote the manuscript. TT, ST, YK, HT, BO, HM, YS, KN, 
JUS, YN, YN, and NH contributed to data collection. TT performed the statisti-
cal analysis. TI, and MM interpreted the results. All authors read and approved 
the final manuscript.

Funding
No funding was obtained for this study.

Availability of data and materials
All data generated or analyzed during this study are included in this published 
article and its supplementary information files.

Declarations

Ethics approval and consent to participate
This study complied with the Declaration of Helsinki and was approved by the 
Ethics Committee of St. Marianna University School of Medicine (No. 4104). This 
study was a survey of normal clinical examinations. Therefore, the contents of the 
research were posted at our hospital and on the home page of St. Marianna Uni-
versity; the research methods were freely available to interested study participants. 
The Ethics Committee of St. Marianna University School of Medicine waived the 
requirement for written informed consent owing to the retrospective nature of 
the study; participants were also given the option to opt-out.

Consent for publication
Not Applicable

Competing interests
The authors declare no competing interests.

Author details
1 Department of Respiratory Medicine, St. Marianna University Yokohama 
Seibu Hospital, Yasashi‑chou 1197‑1, Asahi, Yokohama, Kanagawa 241‑0811, 
Japan. 2 Department of Respiratory Medicine, St. Marianna University School 
of Medicine, Kawasaki, Japan. 

Received: 17 October 2023   Accepted: 26 April 2024

References
	1.	 Niimi A, Fukunaga K, Taniguchi M, Nakamura Y, Tagaya E, Horiguchi T, 

Yokoyama A, Yamaguchi M, Nagata M. Executive summary: Japanese 
guidelines for adult asthma (JGL) 2021. Allergol Int. 2023;72(2):207–26.

	2.	 Aaron SD, Vandemheen KL, FitzGerald JM, Ainslie M, Gupta S, Lemière 
C, Field SK, McIvor RA, Hernandez P, Mayers I, Mulpuru S, Alvarez GG, 
Pakhale S, Mallick R, Boulet LP, Canadian Respiratory Research Network. 
Reevaluation of Diagnosis in Adults with Physician-Diagnosed Asthma. 
JAMA. 2017;317(3):269–79.

	3.	 Calhoun WJ, Ameredes BT, King TS, Icitovic N, Bleecker ER, Castro M, Cher-
niack RM, Chinchilli VM, Craig T, Denlinger L, DiMango EA, Engle LL, Fahy 
JV, Grant JA, Israel E, Jarjour N, Kazani SD, Kraft M, Kunselman SJ, Lazarus 
SC, Lemanske RF, Lugogo N, Martin RJ, Meyers DA, Moore WC, Pascual 
R, Peters SP, Ramsdell J, Sorkness CA, Sutherland ER, Szefler SJ, Wasser-
man SI, Walter MJ, Wechsler ME, Boushey HA. Comparison of physician-, 
biomarker-, and symptom-based strategies for adjustment of inhaled 
corticosteroid therapy in adults with asthma: the BASALT randomized 
controlled trial Asthma Clinical Research Network of the National Heart, 
Lung, and Blood Institute. JAMA. 2012;308(10):987–97.

	4.	 Thomas D, McDonald VM, Pavord ID, Gibson PG. Asthma remission: what 
is it and how can it be achieved? Eur Respir J. 2022;60(5):2102583.

	5.	 Cohn L. Can asthma biologics change the course of disease and induce 
drug-free remission? J Allergy Clin Immunol. 2022;150(1):59–61.

	6.	 Shirai T, Kurosawa H. Clinical Application of the Forced Oscillation Tech-
nique. Intern Med. 2016;55:559–66.

	7.	 Nishida K, Tsuburai T, Komase Y, Tsuruoka H, Oyama B, Muraoka H, Usuba 
AT, Hida N, Inoue T, Mineshita M. Relationships among bronchodilator 
reversibility, the fraction of exhaled nitric oxide, and the parameters of 
the forced oscillation technique in adult asthma treated with inhaled 
corticosteroids and long-acting beta2 agonists combination. J Breath Res. 
2020;14(2): 026013.

	8.	 Oyama B, Tsuburai T, Komase Y, Ono A, Muraoka H, Shinozaki Y, Nishiyama 
K, Ueno J, Nishi Y, Numata Y, Usuba AT, Yamaguchi H, Hida N. A research of 
adult bronchial asthmatics managed under Yokohama City Seibu Hospi-
tal’s coordinated-care system. Arerugi. 2022;71(8):934–43 (in Japanese).

	9.	 Matsunaga K, Ichikawa T, Oka A, Morishita Y, Kanai K, Hiramatsu M, Aka-
matsu H, Kawabata H, Kikuchi T, Akamatsu K, Hirano T, Kou Y, Nakanishi 
M, Minakata Y, Yamamoto N. Changes in forced expiratory volume in 1 
second over time in patients with controlled asthma at baseline. Respir 
Med. 2014;108(7):976–82.

	10.	 Ichinose M, Sugiura H, Nagase H, Yamaguchi M, Inoue H, Sagara H, 
Tamaoki J, Tohda Y, Munakata M, Yamauchi K, Ohta K, Japanese Society 
of Allergology.  Japanese guidelines for adult asthma 2017. Allergol Int. 
2017;66(2):163–89.

	11.	 Nakamura Y, Tamaoki J, Nagase H, Yamaguchi M, Horiguchi T, Hozawa S, 
Ichinose M, Iwanaga T, Kondo R, Nagata M, Yokoyama A, Tohda Y, Japa-
nese Society of Allergology. Japanese guidelines for adult asthma 2020. 
Allergol Int. 2020;69(4):519–48.

	12.	 Matsunaga K, Kuwahira I, Hanaoka M, Saito J, Tsuburai T T, Fukunaga 
K, Matsumoto H, Sugiura H, Ichinose M. An official JRS statement: The 
principles of fractional exhaled nitric oxide (FeNO) measurement and 
interpretation of the results in clinical practice. Japanese Respiratory Soci-
ety Assembly on Pulmonary Physiology. Respir Investig. 2021;59(1):34–52.

	13.	 Graham BL, Steenbruggen I, Miller MR, Barjaktarevic IZ, Cooper BG, Hall 
GL, Hallstrand TS, Kaminsky DA, McCarthy K, McCormack MC, Oropez CE, 
Rosenfeld M, Stanojevic S, Swanney MP, Thompson BR. Standardization 
of Spirometry 2019 Update. An Official American Thoracic Society and 
European Respiratory Society Technical Statement. Am J Respir Crit Care 
Med. 2019;200(8):e70–88.

https://doi.org/10.1186/s12890-024-03040-7
https://doi.org/10.1186/s12890-024-03040-7


Page 12 of 12Tsuburai et al. BMC Pulmonary Medicine          (2024) 24:214 

	14.	 Tsuburai T, Suzuki S, Tsurikisawa N, Mitsui C, Higashi N, Fukutomi Y, 
Tanimoto H, Sekiya K, Oshikata C, Otomo M, Maeda Y, Taniguchi M, 
Ikehara K, Akiyama K. Use of forced oscillation technique to detect airflow 
limitations in adult Japanese asthmatics. Arerugi. 2012;61(2):184–93 (in 
Japanese).

	15.	 Cottee AM, Seccombe LM, Thamrin C, King GG, Peters MJ, Farah CS. 
Bronchodilator Response Assessed by the Forced Oscillation Technique 
Identifies Poor Asthma Control with Greater Sensitivity Than Spirometry. 
Chest. 2020;157(6):1435–41.

	16.	 Kamada T, Kaneko M, Tomioka H. The relationship between respiratory 
system impedance and lung function in asthmatics: A prospective obser-
vational study. Respir Physiol Neurobiol. 2017;239:41–5.

	17.	 Kamada T, Kaneko M, Tomioka H. Comparison of respiratory system 
impedance in asthma and COPD: A prospective observational study. 
Respirology. 2018;23(5):478–84.

	18.	 Abe Y, Shibata Y, Igarashi A, Inoue S, Sato K, Sato M, Nemoto T, Kobayashi 
M, Nishiwaki M, Kimura T, Tokairin Y, Kayama T, Kubota I. Reference 
values of MostGraph measures for middle-aged and elderly Japanese 
individuals who participated in annual health checkups Respir Investig. 
2016;54(3):148–55.

	19.	 Gelb AF, Flynn Taylor C, Shinar CM, Gutierrez C, Zamel N. Role of spirom-
etry and exhaled nitric oxide to predict exacerbations in treated asthmat-
ics. Chest. 2006;129(6):1492–9.

	20.	 Fukuhara M, Tsuburai T, Nakamura Y, Tomita Y, Hamada Y, Watai K, Hayashi 
H, Kamide Y, Sekiya K, Mitsui C, Fukutomi Y, Mori A, Taniguchi M. The 
fraction of exhaled nitric oxide (feno) and forced oscillation technique 
(fot) can predict bronchial hyperresponsiveness against acetylcholine in 
treated asthmatics. Arerugi. 2017;66(1):42–9 (in Japanese).

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


	Changes in fractional exhaled nitric oxide, forced expiratory volume in one second, and forced oscillation technique parameters over three years in adults with bronchial asthma managed under Yokohama Seibu Hospital’s coordinated care system
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Results
	Discussion
	Acknowledgements
	References


