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ABSTRACT

Objective: Pulmonary function and airway inflammation were investigated in stable pre- to
late-adolescent asthmatics without long-term control medications and compared with those
in currently medicated asthmatics.

Methods: Subjects comprised 34 well-controlled asthmatic children (aged 8.1-18.0years;
group without medication). Flow volume curves before and after inhaling a /2 agonist, a
bronchodilator (BD), were compared and fractional exhaled nitric oxide (FENO) concentra-
tions were measured. All patients were attack-free for at least 12 months prior to testing
without the use of asthma medications for at least three months. Fifty-one age-matched sta-
ble asthmatics with medications at the time of the present study (group with current medi-
cation) underwent the same examinations.

Results: The rate of children whose respiratory function after BD improved by 20% or more
in both the central and peripheral airways (High responder at total airways subtype: HTA)
was significantly higher in the group without medication than in that with current medica-
tion (17.6 and 2.0%, respectively; p < 0.01). Furthermore, FEV; (% pred after BD was signifi-
cantly lower for HTA than for the low responder subtype in the same group (94.8+3.5 and
104.1 £ 1.5% respectively, p < 0.05). FENO concentrations in the group without medication
were high, but not significantly different from those in the group with current medication.
Conclusions: Stable asthmatic children without medication include a certain percentage of
those with irreversible airflow limitation possibly due to airway remodeling. The control of
daily asthma symptoms with long-term control medications may effectively prevent air-
way remodeling.
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Introduction Lodrup Carlsen et al. (4) reported that the pulmonary
function trajectories of asthmatic pubescent children
in remission differed from those of non-asthmatic
children, and that it is important to conduct pulmon-
ary function tests for a more precise evaluation of
remission states. Wang et al. (5) recently reported that

the degree of FEV o/forced vital capacity (FVC) ratio

The remission rate of pediatric asthma is higher than
that of adult asthma. However, remission is generally
defined as the absence of asthma symptoms over a
long time period without treatment (1,2), and several
subtypes are expected among those in remission.
Children with airway inflammation or persistent air-

flow limitation may be regarded as asthmatic children
who are defined as being in remission; however,
ideally, neither of these groups may be included
among children who are stable after the discontinu-
ation of treatment.

Pulmonary function tests, including spirometry and
flow volume curves, are useful parameters of airflow
limitation; however, the rate of spirometry being per-
formed is low, even among asthma specialists (3).

impairments was the most accurate predictor of
asthma remission, suggesting that the measurement of
pulmonary function may be useful for assessing the
prognosis of asthma. Among pulmonary function
tests, the airway reversibility test (ART) is used to
confirm the presence of airflow limitation and evalu-
ate the degree of its irreversibility (6) by comparing
pulmonary function before and after the inhalation of
bronchodilators (BD), and it is also used to diagnose
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asthma or evaluate the state of asthma control.
According to previous findings, a positive ART evalu-
ation is derived when the FEV;, value improves by
12% or more after the inhalation of BD (7).
Furthermore, ART is used to separately evaluate changes
in airflow limitation at different airway sites, namely,
the central and peripheral airways. We classified patterns
of flow volume curve changes before and after BD
inhalation into 4 subtypes by employing peak expiratory
flow (PEF) and maximum expiratory flow at 50% of the
forced vital capacity (Vo) as parameters of the central
and peripheral airways, respectively (8). By using this
method, we demonstrated that reversible airflow limita-
tion, which is improved by BD inhalation, may be
detected, particularly in the peripheral airways, in
approximately 50% of pubescent asthmatic children in a
stable state (8). However, there is currently no informa-
tion on airway reversibility in stable asthmatic children
not using control medications, among whom children
in remission or pre-remission may be included.

Fractional exhaled nitric oxide (FENO) concentra-
tions are an indicator of eosinophilic airway inflamma-
tion, and are useful for the diagnosis and management
of asthma (9). A normal FENO concentration is less
than 20 ppb in children (9). A previous study reported
that the initiation of ICS needs to be considered when
FENO is 25-35ppb and also that the use of ICS is rec-
ommended when FENO is higher than 35ppb (10).

In the present study, we focused on stable asth-
matic children who were followed up regularly on an
outpatient basis after the discontinuation of long-term
control medications. These subjects were expected to
include a certain percentage of those in clinical remis-
sion. We evaluated airflow limitation and its revers-
ibility in these children because it is important to
guide these children adequately in their treatment
toward remission. FENO concentrations were also
measured to investigate its relationship with airflow
limitation and a previous history of asthma.

Methods
Subjects

The present study was conducted between July 2011
and July 2017. Thirty-four asthmatic children (24 boys
and 10 girls; mean age 12.9years, median age
13.0years [8.1-18.0years]) participated as subjects.
They regularly visited Saitama Medical University
Hospital or Tone Chuo Hospital on an outpatient
basis (n=19 and n =15, respectively). These children
were free of asthma attack symptoms for at least
12 months before the initiation of the present study

based on their reports of the complete absence of
wheezing and dyspnea at rest and on exertion, and
were not receiving any medication to control asth-
matic symptoms, including oral steroids or rescue
inhalers. Furthermore, they had discontinued using
long-term control medications, such as leukotriene
receptor antagonists (LTRA), inhaled corticosteroids
(ICS), or long-acting S-agonists (LABA), for at least
3 months prior to the test (group without medication).

Data on previous histories of asthma were collected
from patient files. Data included [1] the duration of
symptomatic asthma (years); the period between the
onset of asthma to the last administration of drugs,
and [2] the time after the attenuation of symptoms
and discontinuation of long-term control medications
(months); the period since drug discontinuation.
Furthermore, [3] the degree of severity during previ-
ous periods with the worst episode of asthma was
classified into intermittent, mildly persistent, moder-
ately persistent, and severely persistent based on the
JPGL2012 (11) criteria.

As an age-matched control, non-symptomatic asth-
matic children with current medications (group with
current medication) also underwent the same tests.

This group consisted of 51 stable asthmatic children
(29 boys and 22 girls with a mean age of 12.4years
and median age of 12.3years [8.0-17.4years]). They
also visited Saitama Medical University Hospital or
Tone Chuo Hospital (n=22 and n=29) regularly on
an outpatient basis. These patients were taking control
medications, such as LTRA, ICS, and LABA, daily to
prevent the exacerbation of asthma, and had not used
systemic steroids for attacks or visited the emergency
room for at least three months before examinations.

ART and FENO measurements

ART and FENO measurements were both performed
during the regular outpatient visit for asthma. FENO
was measured upon arrival at the outpatient clinic,
followed by pulmonary function tests before the inhal-
ation of BD. One milligram of salbutamol, a 2 agon-
ist, was dissolved in 2ml saline solution and inhaled,
and a second pulmonary function test was performed
15min later. Patients with current medications were
tested after the cessation of drug administration for at
least 12 h prior to the test.

Pulmonary function tests and assessment of ART

Forced vital capacity (FVC[L]), the forced expiratory
volume in one second (FEV,;g[L]), peak expiratory
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Figure 1. Subtyping of lung function in subjects according to responsiveness to a bronchodilator.
Flow volume curves were compared before (solid line) and after phe inhalation of bronchodilators (dotted line). Four different types
were observed according to the degrees of changes in PEF and Vsy.

flow (PEF[L/S]), and maximum expiratory flow at
50% of the forced vital capacity (Vso[L/S]) were used
as parameters of pulmonary function. The following
two points were investigated as changes before and
after the inhalation of BD.

The improvement rate of FEV, ,
The improvement rate of FEV, , before and after the
inhalation of BD was calculated using the following
equation according to a previous study (bronchodila-
tor reversibility; BDR) (7).

([FEV;, after inhaling BD-FEV,, before inhaling
BD] x 100/FEV, o before inhaling BD) (%)

Patterns of changes in flow volume curves

Patients exhibiting improvements of 20% or more in
the parameters of pulmonary function tests before and
after BD inhalation were classified as high responders,
and those who improved by less than 20% were classi-
fied as low responders. Patterns of parameters changes
in flow volume curves before and after BD inhalation,
having Vs, and PEF as, were arbitrarily classified into
four subtypes as shown in Figure 1 (8).

i. Low responder subtype (LR)

Improvement rates of Vs and PEF were both
less than 20%.

ii. High responder at peripheral airways subtype (HPA)
The improvement rate of Vs was 20% or higher
whereas that of PEF was less than 20%.

ili. High responder at central airways subtype (HCA)
The improvement rate of PEF was 20% or higher
whereas that of Vs, was less than 20%.

iv. High responder at total airways subtype (HTA)

The improvement rates of Vso and PEF were both
20% or higher.

FENO measurement

NIOX-MINO® (Aerocrine, Solna, Sweden) was used
to measure FENO concentrations with the single-
breath online the
American Thoracic Society (9): measurements were
made using direct expiration for 8sec or longer while
maintaining an exhalation flow speed of 50 m/s and
pressure of 5-20 cmH,O onto the mouthpiece
attached to the FENO analyzer.

technique recommended by

Statistical analysis

The Mann-Whitney U test or Wilcoxon signed-rank
test was used to evaluate the significance of differen-
ces. The chi-squared test was used to evaluate the sig-
nificance of differences between groups with and
without medication. Relationships between two items
were evaluated by Spearman’s rank correlation coeffi-
cient. Data are expressed as means + standard error
and as median (minimum - maximum) values.
p <0.05 was considered to be significant.

Ethical considerations

The present study was conducted with the approval of
the Institutional Review Board of Saitama Medical
University Hospital (Approval no. 17-089-2).
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Results
Patient backgrounds

Table 1 shows patient backgrounds. No significant dif-
ferences were observed in age at the examination, gen-
der, the rate of the comorbidity allergic rhinitis (AR),
or age at onset between the group without medication
and that with current medications. The duration of
the period without long-term control medications in
the group without medication ranged between 3 and
102 months (mean: 18.5 months).

Changes in parameters of pulmonary function
before and after the inhalation of BD

The results of ART in the groups without medication
and with current medication are shown in Table 2.
The percentages of predicted values (% pred) for FVC
and PEF were both higher than 100%, and no signifi-
cant differences were observed before and
the inhalation of BD in each group. FEV, (% pred and
V0% pred before BD inhalation were low for both
groups; however, both improved after BD inhalation
and reached approximately 100%. No significant dif-

after

ferences were observed in any parameters before and
after BD inhalation between the 2 groups.

The degrees of BDR in the groups without and
with current medication were 5.5+1.0 and 5.2+ 0.6%,
respectively, with no significant differences being
observed between the groups.

Patterns of flow volume curve variations

Patients without medication were classified into four
subtypes: 14 patients as LR, 13 as HPA, 1 as HCA,
and 6 as HTA. The numbers of patients with current
medication were classified as follows: 26 patients as
LR, 24 as HPA, and 1 as HTA. No patient was classi-
fied as HCA. The proportion of HTA was significantly
higher in the group without medication than in that
with current medication (17.6 and 2%, respectively;
7> =6.64, p<0.01).

Responsiveness to BD was compared by dividing
the central and peripheral airways. The proportion of
high responders at the central airways (HCA and
HTA) was significantly higher in the group without
medication than in that with current medication (20.6
and 2%, respectively; y° = 8.30, p < 0.01). On the other
hand, high responders at the peripheral airways (HPA
and HTA) accounted for almost 50% of patients in
both groups (without medication, 55.9%; with current
medication, 49.0%), indicating no significant differ-
ence between the groups.

Table 1. Patient characteristics.

Age Sex Age of
(mean, range; years) (male:female) AR (%) onset (years) Medication
Without medication (N=34) 129+0.5 (8-18) 24:10 28 (82.4%) 3.5+0.5 -
Current medication (N=51) 124+0.3 (8-17) 29:22 46 (90.2%) 34+04 LTRA 15
ICS 7
LTRA +1CS 21
ICS + LABA 3

LTRA +1CS + LABA 5

In the columns ‘Age’ and ‘Age of onset’, data are presented as means+ SEM in the upper panel and as a median and range (in parenthesis) in the
lower panel.

No significant differences were observed in age, gender, the complication of allergic rhinitis (AR), or age at the onset of asthma between subjects without
medication (Without medication) and those receiving current medications (Current medication). In subjects receiving current medication, leukotriene
receptor antagonists (LTRA) alone, inhaled corticosteroids (ICS) alone, LTRA + ICS, ICS + long-acting f-agonists (LABA), and LTRA + ICS + LABA were pre-
scribed for 15, 7, 21, 3, and 5 patients, respectively.

Table 2. Lung function values before and after bronchodilator (BD) inhalation in subjects without medication (without
medication) and those receiving current medications (current medication).

FVC, % pred FEV1.0, % pred PEF, % pred Vso, % pred BDR(%)
Without medication (N =34) Before 101.5+2.0 96.7+ 1.6 109.0+5.2 79.0+3.5 -
101.0 (80.0-128.7) 97.1 (77.1-115.5) 105.1 (57.2-204.2) 80.6 (41.5-139.3)
After 100.6 +2.2 101.8+1.4™ 115.0+5.2" 97.2+3.7" 55+1.0
99.5 (76.5-127.3) 102.8 (83.2-114.3) 109.4 (75.1-211.7) 93.4 (68.4-168.6) 3.8 (—5.4-20.8)
Current medication (N=51) Before 102.8+1.8 97.8+0.9 108.4+3.1 829+27 -
102.3 (79.1-126.6) 99.0 (80.4-108.5) 108.8 (49.7-148.3) 80.0 (41.5-128.7)
After 102.1+1.7 102.7 0.7 111.6+3.0" 100.4 +2.9" 52+06
103.2 (77.2-125.6) 103.1 (88.8-111.6) 115.9 (59.5-155.3) 96.2 (63.7-146.5) 4.6 (—4.0-21.8)

Data are presented as means+SEM in the upper panel and as a median and range (in parenthesis) in the lower panel. No significant differences were
observed in any of the % predicted (% pred) values of lung function before and after bronchodilator (BD) inhalation between the 2 groups of subjects,
including FVC, FEV, o, PEF, and Vsq. FEV, o — forced expiratory volume in one second; Vso — maximum expiratory flow at 50% of the forced vital cap-
acity; FVC - forced vital capacity; PEF — peak expiratory flow; BDR — bronchodilator reversibility; 'p < 0.05 and ™p < 0.01 compared to the values before
BD inhalation in the corresponding group.
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Table 3. Lung function values before and after bronchodilator (BD) inhalation in different subtypes in the group of subjects

without medication.

FVC % pred FEV: 0 % pred PEF % pred Vso % pred BDR(%)
LR Before 99.8+2.7 100.9+1.7 116.0+£9.2 89.4+35 -
(N=14) 103.5 (80.0-114.1) 101.1 (90.0-110.4) 107.7 (81.0-204.2) 89.8 (65.7-109.3)
After 985+2.7 104.1+1.5™ 1153+ 10.1 97.9+45' 33405
100.2 (79.0-113.5) 103.7 (95.6-113.0) 107.7 (75.1-211.7) 94.8 (69.0-124.9) 3.1 (0.3-6.3)
HPA Before 104.2+3.9 96.8+3.0 116.9+6.8 79.2+6.1% -
(N=13) 96.1 (89.2-128.7) 92.4 (79.3-115.5) 113.9 (68.0-171.7) 75.8 (54.3-139.3)
After 101.9+4.7 102.0+2.5 117.5+73 100.0 + 7.1 56+1.7
98.8 (76.5-127.3) 102.0 (83.2-114.3) 110.0 (76.8-181.3) 98.1 (72.4-168.6) 5.5 (—3.4-16.0)
HTA Before 101.8+3.7 86.8+3.3*%* 85.8+7.3 57.3+7.3%* -
(N=6) 102.7 (91.1-112.0) 87.1 (77.1-98.1) 88.6 (57.2-103.1) 53.3 (41.5-87.2)
After 104.5+3.0 94.8+35" 113.7+8.7" 915+ 10.6" 93+3.5
107.5 (95.2-113.4) 93.4 (83.9-107.6) 113.6 (88.2-142.6) 83.3 (68.4-139.3) 9.2 (—3.2-20.8)

Data are presented as means+SEM in the upper panel and as a median and range (in parenthesis) in the lower panel. When comparing values before
BD inhalation, % predicted values of FEV,, were significantly lower for HTA than for LR (p < 0.01), while that of Vs, was significantly lower for both
HPA and HTA than for LR (p<0.05 and p <0.01, respectively). Regarding the values obtained after BD inhalation, no significant differences were
observed between the LR and HPA subtypes, whereas the % predicted values of FEV; remained significantly lower for HTA than for LR (p < 0.05).

LR - Low responder subtype; HPA - High responder at peripheral airways subtype; HTA - High responder at total airways subtype; FVC - forced vital
capacity; FEV,, — forced expiratory volume in one second; PEF - peak expiratory flow; Vso — maximum expiratory flow at 50% of the forced vital cap-
acity; BD — bronchodilator reversibility.

*p < 0.05 and **p<0.01 compared to the value of subjects of the LR subtype before BD inhalation. 'p < 0.05 and 'p <0.01 compared to the value

before BD inhalation at the corresponding subtype. "p < 0.05 compared to the value of subjects of the LR subtype after BD inhalation.

Table 4. Lung function values before and after bronchodilator (BD) inhalation in different subtypes in the group of subjects

with current medication.

FVC % pred FEV: 0 % pred PEF % pred Vso % pred BDR(%)
LR Before 103.3+2.5 99.9+0.9 1132115 90.9+3.7 -
(N=26) 102.9 (79.1-125.9) 100.3 (88.3-108.5) 111.3 (75.9-148.3) 84.8 (64.5-128.7)
After 102.5+2.4 102.7+1.0™ 115.1+12.8 98.8+4.2' 28+06
103.7 (78.6-123.6) 103.4 (88.8-110.5) 115.4 (78.6-155.3) 94.7 (63.8-146.5) 2.6 (—4.0-8.2)
HPA Before 103.3+2.6 95.8+ 1.4* 108.5+4.9 753 +3.2% -
(N=24) 102.3 (79.6-126.6) 97.2 (80.4-106.2) 110.1 (49.7-145.8) 75.2 (41.5-97.7)
After 102.6+2.4 1027+ 1.1 112.8+5.17 103.5+ 3.8 75+1.0"
103.1 (77.2-125.6) 103.2 (93.3-111.6) 116.2 (59.5-153.6) 104.8 (63.7-126.6) 6.8 (0.2-21.8)

Data are presented as means+SEM in the upper panel and as a median and range (in parenthesis) in the lower panel. When comparing values before
BD inhalation, the % predicted values of FEV;, and Vs, were significantly lower for HPA than for LR (p < 0.05) whereas these differences disappeared
in comparisons of values after BD inhalation. LR — Low responder subtype; HPA — High responder at peripheral airways subtype; FVC - forced vital cap-
acity; FEV;, — forced expiratory volume in one second; PEF — peak expiratory flow; and Vso — maximum expiratory flow at 50% of the forced

vital capacity.

BDR - bronchodilator reversibility; *p<0.05 compared to the value of subjects of the LR subtype before BD inhalation; 'p < 0.01 compared to the value

before BD inhalation at the corresponding subtype; "p < 0.01 compared to the value of subjects of the LR subtype after BD inhalation.

The values of % pred before and after BD inhal-
ation were compared for each group by subtypes. The
results of the group without medication are shown in
Table 3 (Data on HCA were omitted from this table
because there was only one patient). Before BD inhal-
ation, FEV, (% pred was significantly lower for HTA
than for LR (86.8 £3.3 and 100.9 + 1.7%, respectively;
P <0.05). V50% pred was significantly lower for HPA
and HTA than for LR (79.2+6.1 and 57.3+£7.3% vs.
89.4+£3.5%, p<0.05 and p<0.01). After BD inhal-
ation, no significant differences were observed in FVC
% pred, PEF % pred, and V5% pred between the sub-
types whereas FEV, (% pred was still significantly
lower for HTA than for LR (94.8+3.5 and
104.1 £1.5%, respectively, p < 0.05). The degree of
BDR was slightly higher for HTA than for LR, and no
significant differences were observed between the
three subtypes.

The results obtained for the group with current
medication are shown in Table 4 (HCA was omitted
from the table because there was only one patient).
Before BD inhalation, FEV, (% pred was significantly
lower for HPA than for LR (95.8+1.4 and
99.9+0.9%, respectively; p<0.05), V5% pred was
also significantly lower than LR (75.3%+3.2 and
90.9 +3.7%, respectively; p <0.05). After BD inhal-
ation, all significant differences in FVC % pred,
FEV, % pred, PEF % pred, and V5% pred between
LR and HPA disappeared. BDR was significantly
higher for HPA than for LR (7.5+1.0 and 2.8 £0.6%,
respectively; p < 0.01).

Comparison of FENO concentrations

The results obtained for FENO concentrations are
shown in Figure 2. No significant differences were
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Figure 2. FENO concentrations in subjects without medication and those with current medication.

No significant differences were observed in FENO concentrations between subjects without medication (Without medication) and
those receiving current medication (Current medication). No significant differences were observed in FENO concentrations among
subjects with different changing patterns in flow volume curves between those without medication and current medication

groups. Solid bars indicate the mean + standard error.

LR: Low responder subtype, HPA: High responder at peripheral airways subtype, HCA: High responder at central airways subtype,

and HTA: High responder at total airways subtype.

observed between the groups without medication and
current medication (63.9+6.9 and 58.3 + 6.4 ppb, respect-
ively). Furthermore, no significant differences were noted
in FENO concentrations by subtypes classified according
to patterns of flow volume curve variations in both
groups with and without current medication.

Comparisons of FENO concentrations based on the
intensity of asthma during the most severe period in
the past in the group without medication revealed
that patients with a persistent severe history had sig-
nificantly higher FENO concentrations than those
with a milder history (p<0.05, Figure 3(A)). An
examination of its relationship with disease duration
until the discontinuation of medication showed that
FENO concentrations increased with longer disease
durations (correlation coefficient =0.40; p < 0.05,
Figure 3(B)). An examination of its relationship with
time since the discontinuation of drug therapy
revealed that FENO concentrations significantly
increased with longer periods of the discontinuation
of treatment until the time of the test (correlation
coefficient =0.42; p < 0.05, Figure 3(C)).

Discussion

ART was performed to elucidate airflow limitation and
its irreversibility in school-aged children with asthma
who are stable without treatment (group without medi-
cation), and the results obtained were compared with
those from children who are continuously treated with
medications (group with current medication). The
percentage of predicted values for FVC, FEV;, PFR,
and Vs after inhaling BD were approximately 100% in
both groups. However, the number of children whose

pulmonary function markedly improved following the
inhalation of BD at both the central and peripheral air-
ways (the HTA subtype) was significantly higher in the
group without medication than in that with current
medication. Furthermore, FEV; % pred after inhaling
BD among HTA subjects in the group without medica-
tion was 94.8%, which was significantly lower than that
in LR subjects in the same group whose % pred was
higher than 100%. FENO concentrations in the group
without medication were high across the four subtypes
classified by ART results, and were similar to values in
the group with current medication. In the group with-
out medication, FENO concentrations were signifi-
cantly higher among subjects with a higher severity of
previous symptoms of asthma, and increased with lon-
ger disease durations and unmedicated periods.

In both groups with and without current media-
tions, approximately 50% of subjects showed airflow
limitation, particularly at the peripheral airways, as
indicated by low Vs, in the pulmonary function test
before BD inhalation. In addition, in the majority of
children whose airflow limitation was confirmed,
except for a few, V5% pred improved to approxi-
mately 100% following BD inhalation, indicating that
peripheral airflow limitation is reversible. The present
results revealed that, even in children with no symp-
tomatic asthma attacks, airflow limitation may persist
and be detected by a pulmonary function evaluation.
Therefore, in order to accurately evaluate the pulmon-
ary function of pubescent asthmatic children, it is not
sufficient to only assess values before inhalation,
changes after inhalation also need to be evaluated.
Vilozni et al. demonstrated that the responses of spi-
rometric parameters to BD in young children may be
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Figure 3. Relationship between FENO concentrations and previous histories of asthma in subjects without medication.

FENO concentrations were significantly higher in subjects with previous histories of persistent severe asthma (Severe) than in those
with mild persistent asthma (Mild, p < 0.05). Solid bars indicate the mean + standard error. (A). Regarding its relationship with the
duration of illness, higher FENO concentrations were observed with increases in the duration of illness (rs = 0.4, p < 0.05) (B).
Higher FENO concentrations were observed with increases in the duration after the cessation of medication (rs = 0.42,

p < 0.05) (C).

more sensitive than obstruction detection and may
facilitate adjustments to treatment plans (12). Uppala
et al. (13) suggested the importance of measuring air-
way reversibility in asthmatic children currently being
treated with low-dose ICS for the proper management
of the disease. We demonstrated that ART is a useful
method for evaluating the pulmonary function of
pubescent asthmatic children without medication.
However, it currently remains unclear why reversible
airflow limitation, particularly in the peripheral air-
ways, is present in 50% of non-symptomatic children
with asthma. Factors affecting airflow limitation in
asthma include airway hypersecretion, airway edema,
airway smooth muscle contraction, or increased air-
way resistance by remodeling. Since pulmonary func-
tion reversibly improves with the inhalation of f,

stimulants, the persistent contraction of peripheral air-
way smooth muscle may be important as a causative
factor for airway obstruction in these pediatric
patients. However, in addition to less airway smooth
muscle being present in the peripheral airways than in
the central region, the contraction of peripheral air-
way smooth muscle does not appear to continue in
response to spasmogens in children in a non-episodic
state. Another possibility is increased vagal tone in
these children, resulting in aggravated airway resist-
ance, which is reversed after the inhalation of a f2
agonist. Further studies on the mechanisms underly-
ing reversible peripheral airflow limitation in pubes-
cent asthmatic pediatric patients are needed.

In both groups with and without medication, when
viewed as a whole, the % pred values of pulmonary
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function after the inhalation of BD recovered to nor-
mal ranges (approximately 100%) in all parameters.
This result suggests that the control of daily asthma
symptoms, regardless of the treatment status, with or
without medications, is important for maintaining
normal pulmonary function and preventing further
progression to airway remodeling in pubescent asth-
matic children. However, when the results obtained
for individual children were examined in detail, the
distribution of each subtype in ART differed between
the groups with and without medication. In the group
without medication, HTA was present in 6 out of 34
subjects (17.6%), but in only 1 (2%) of the 51 patients
in the group with current medication; its frequency
was significantly higher in the group without medica-
tion. Furthermore, comparisons within the group
without medication showed that FEV; (% pred was
significantly lower for HTA after BD inhalation than
for LR, with the value being approximately 100%.
This result indicates that among pediatric patients
who are stable and do not require long-term pharma-
cotherapy for management, a group of subjects with-
out dyspnea have irreversible airflow limitation,
namely, airway remodeling. Furthermore, this result
was contrary to the prediction that medication may
not be necessary and pulmonary function may be
ameliorated in children in a stable condition. One rea-
son for this may be that the routine management of
pulmonary function was not performed because symp-
toms were stable in the group without medication. In
other words, the routine monitoring of pulmonary
function by a peak flow meter or asthma diary in the
medicated group is often performed to manage
attacks, whereas the need for such routine monitoring
is not recognized in the group without medication
and, thus, is not generally practiced. Therefore, even if
pulmonary function deteriorates, the condition may
not be recognized and potentially becomes under-
treated. The results of the present study suggest that
even patients who are clinically considered to be in
remission may require periodic pulmonary function
testing, for example, every 6 or 12 months.
Furthermore, the present results indicate that irrevers-
ible decreases in pulmonary function, namely, remod-
eling, may have progressed in some pediatric patients
in the group without medication. In the present study,
in the HTA subtype in the group without medication,
FEV, % pred did not reach 100%, but remained at a
significantly lower value than the LR subtype showing
the normal range (as previously described). However,
in contrast to the group without medication, only one
patient was classified as HTA in the group with

current medication, and all others were classified as
LR or HPA. In the group with current medication,
FEV, % pred after BD was almost 100% in both sub-
types, indicating that the continuation of daily
prophylactic treatments to prevent the exacerbation of
asthma is useful for inhibiting the progression of air-
way remodeling, and the control of asthma attacks by
pharmacotherapy is not merely a symptomatic treat-
ment, it may also improve patient prognoses. Future
studies on this issue are required.

In the present study, asthmatic children with no
attack episode for at least 12 months and no prophy-
lactic drug use for more than three months before the
examination were selected as subjects. When studying
children in remission, it would be preferable to limit
the subjects to those having a longer no-medication
period. However, the reason we had to set the min-
imum period as a short period was because most of
the subjects had the comorbidity of AR. Therefore,
many patients were taking oral LTRA as a treatment
for AR even if asthma symptoms were not observed
for a long period of time, and it was difficult to select
patients who maintained a long non-medicated
period. A recent study reported that asthma and AR
may develop together, and a Japanese study showed
that the comorbidity rate of AR in asthmatic children
was 58.1% (14). In the present study, the AR comor-
bidity rate of asthmatic children reached approxi-
mately 90% in both groups, and LTRA was prescribed
in many patients for the treatment of seasonal AR.
However, it is not completely negligible that the
symptoms of mild asthmatic attacks, as well as those
of AR, were masked during the period of taking this
agent as for some subjects in the group with-
out medication.

In ART, in contrast to the other subtypes, LR
patients showed only small improvements in Vs, and
PEF, indicating a poor response to BD. This result
suggests that LR appears to be the most stable type
among the 4 subtypes. Contrary, it is also possible
that the irreversible fixed airflow limitation had
already occurred in this subtype, causing the weak
response to BD inhalation. However, this is unlikely
because % pred values for pulmonary function param-
eters (FVC, FEV, o, and PEF, Vs,) before BD inhal-
ation in LR were all 100% or higher, showing a stable
state without airflow limitation.

In the present study, FENO concentrations in the
group without medication markedly increased to a
mean value of more than 50 ppb, suggesting the pres-
ence of a high degree of eosinophilic airway inflam-
mation (15). Van den Toorn et al. reported that



FENO concentrations in pediatric patients with the
remission of asthma were not significantly different
from those in asthmatics currently being treated, and
were significantly higher than those in healthy chil-
dren without asthma episodes (16). The present
results support their findings, and revealed no signifi-
cant difference in FENO concentrations among the 4
different subtypes of flow volume curves. Thus, it cur-
rently remains unclear whether the degree of eosino-
philic airway inflammation had a direct influence on
the extent of airflow limitation or the obstruction site.
According to Van den Toorn et al. (17), the inhal-
ation of a salmeterol/fluticasone combination for 3
months improved FENO concentrations, but not
FEV, 4% pred in patients in clinical remission. These
findings indicate that remodeling had already
occurred due to chronic eosinophilic airway inflam-
mation, resulting in no relationship between FENO
concentrations and the extent of airflow limitation in
the examination.

Among subjects in the group without medication,
those with a history of persistent severe asthma in the
past had significantly higher FENO concentrations
than those with a milder type. FENO concentrations
were shown to be higher in patients with severe
asthma than in those with mild asthma (15). The pre-
sent results suggest that persistent eosinophilic airway
inflammation exists in children with a history of per-
sistent severe asthma, even without current episodes.
FENO concentrations tended to be higher in children
with a longer duration of asthma. This indicates that
children with severe eosinophilic airway inflammation
are more susceptible to prolonged asthma symptoms.
FENO concentrations increased as the duration after
the discontinuation of asthma control medication
became longer. This result indicates that the discon-
tinuation of medications, including ICS, aggravated
inflammation in a time-dependent manner in clinic-
ally stable children despite the persistence of eosino-
philic airway inflammation.

Another reason children without medication had
high FENO concentrations may include the existence
of AR, a comorbidity in a high number of patients. In
the present study, 82.4 and 90.2% of subjects in the
groups without medication and with current medica-
tion, respectively, had AR. Linhares et al. conducted a
systematic review of 18 studies that examined the rela-
tionship between AR and FENO (18), and showed
that the degree of increases in FENO concentrations
in AR patients was approximately the upper limit of
healthy subjects or slightly higher. Rolla et al. (19)
reported that the mean concentrations of FENO were
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68.4 and 24.5ppb in the group with asthma and AR
and that with AR only, respectively. These results sug-
gest that the presence of asthma was the main factor
for FENO concentration increases in cases of asthma
and AR. Thus, the presence of AR with asthma may
have further increased FENO concentrations in the
present study, but did not appear to be the primary
cause for the marked increase observed.

The present results suggest that various levels of
airflow limitation and airway inflammation persist in
untreated stable asthmatic children, and that irrevers-
ible airflow limitation accompanied by airway remod-
eling may exist in some pediatric patients. In contrast,
asthmatic children well-controlled with medication
showed almost normal pulmonary function after BD
inhalation, but with various degrees of occlusion in
the pulmonary function test before BD inhalation.
These results confirmed that periodic monitoring,
such as pulmonary function testing, is necessary even
for stable children without episodes. They also sug-
gested that the control of asthma by the long-term
administration of drugs with anti-inflammatory effects
may also help to prevent the progression of irrevers-
ible airway remodeling in asthmatic children.

Declaration of interest

The authors report no conflicts of interest. The authors alone
are responsible for the content and writing of this article.

Funding

This work was supported by Grants-in-Aid for Scientific
Research (C) (Grant Numbers 23591582 and 15K09698)
from Japan Society for the Promotion of Science.

ORCID

Eiji Morita
Kenichi Tokuyama
9491-860X
Yutaka Ueda
Takeshi Koga
Shunichi Ogawa
Hideko Nishimura

http://orcid.org/0000-0001-5362-7454
http://orcid.org/0000-0002-

http://orcid.org/0000-0003-2588-5995

http://orcid.org/0000-0003-4309-7132

http://orcid.org/0000-0001-9832-4895
http://orcid.org/0000-0003-0309-6792

References

1. De Marco R, Locatelli F, Cerveri I, Bugiani M,
Marinoni A, Giammanco G. Incidence and remission
of asthma: a retrospective study on the natural history
of asthma in Italy. J Allergy Clin Immunol 2002;110:
228-235.



10 (&) E. MORITA ET AL.

10.

Andersson M, Hedman L, Bjerg A, Forsberg B, lund-
back B, Ronmark E. Remission and persistence of
asthma followed from 7 to 19 years of age. Pediatrics
2013;132:e435-e442. doi:10.1542/peds.2013-0741.
Cloutier, Michelle M., Salo, Paivi M., Akinbami,
Lara J., Cohn, Richard D., Wilkerson, Jesse C., Diette,
Gregory B., Williams, Sonja, Elward, Kurtis S,
Mazurek, Jacek M., Spinner, Jovonni R. et al
Clinician agreement, self-efficacy, and adherence with
the guidelines for the diagnosis and management of
asthma. J allergy Clin Immunol Pract. 2018;6(3):
886-894.e4. doi:10.1016/j.jaip.2018.01.018.

Lodrup Carlsen KC, Mowinckel P, Hovland V, Haland
G, Riiser A, Carlsen KH. Lung function trajectories
from birth through puberty reflect asthma phenotypes
with allergic comorbidity. J Allergy Clin Immunol
2014;134:917-923. doi:10.1016/j.jaci.2014.05.020.

Wang AL, Datta S, Weiss ST, Tantisira KG. Remission
of persistent childhood asthma: Early predictors of
adult outcomes. J Allergy Clin Immunol. 2019;143(5):
1752-1759.e6. doi:10.1016/j.jaci.2018.09.038.
Pellegriono R, Viegi G, Brusasco V, Crapo RO,
Burgos F, Casaburi R, Coates A, van der Grinten CP,
Gustafsson P, Hankinson J, et al. Interpretative strat-
egies for lung function test. Eur Pespir ] 2005;25:
948-968. d0i:10.1183/09031936.05.00035205.

Tse SM, Gold DR, Sordillo JE, Hoffman EB, Gillman
MW, Rifas Shiman SL, Fuhlbrigge AL, Tantisira KG,
Weiss ST, Litonjua AA. Diagnostic accuracy of the bron-
chodilator response in children. J Allergy Clin Immunol
2013;132:554-559. 2013.03.031. doi:10.1016/j.jaci.
Tokuyama K. [Perspective of verification and use of
p2-stimulants for asthma treatment]. [Jpn Pediatr
Allergy Clin Immunol] 2006; 20:141-151 (in Japanese)
ATS/ERS recommendations for standardized proce-
dures for the online and the offline and measurement
of exhaled lower respiratory nitric oxide and nasal
nitric oxide, 2005. Am ] Respir Crit Care Med 2005;
171:912-930. doi:10.1164/rccm.200406-710ST.

Dweik RA, Boggs PB, Erzurum SC, Irvin CG, Leigh
MW, Lundberg JO, Olin AC, Plummer Al, Taylor DR.
American  Thoracic ~ Society =~ Committee  on
Interpretation of Exhaled Nitric Oxide Levels (FENO)
for Clinical Applications. An official ATS clinical prac-
tice guideline: interpretation of exhaled nitric oxide lev-
els for clinical applications. Am ] Respir Crit Care
Med 2011;184:602-615. doi:10.1164/rccm.9120-11ST.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Hamasaki Y, Kohno Y, Ebisawa M, Kondo N,
Nishima S, Nishimuta T, Morikawa A, Aihara Y,
Akasawa A, Adachi Y, et al. Japanese pediatrics guide-
line for the treatment and management of bronchial
asthma 2012. Pediatr Int 2014;56:441-450. doi:10.
1111/ped.12389.

Vilozni D, Hakim F, Livnat G, Ofek M, Bar-Yoseph
R, Bentur L. Assessment of airway bronchodilation by
spirometry compared to airway obstruction in young
children with asthma. Can Respir ] 2016;2016:1. doi:
10.1155/2016/5394876.

Uppala R. Kaenpugdee P. Srisutthikamol S,
Teeratakulpisarn J. Assessment of small airway func-
tion and reversibility in symptom-controlled asthma
in pediatric patients. Asian Pac ] Allergy Immunol
2019;37(1):25-29 doi:10.12932/AP-1707817-0138.
Nishima S, Odajima H, Ota N, Oka N, Okazaki K,
Kanatani M, Kubota N, Kumamoto T, Koga T,
Kobayashi N, et al. [A Study on the prevalence of
allergic disease in school children in western districts
of Japan]. JJACI 2013;27:149-169 (in Japanese) doi:10.
3388/jspaci.27.149.

Delgado-Corcoran C, Kissoon N, Murphy SP,
Duckworth LJ. Exhaled nitric oxide reflects asthma
severity and asthma control. Pediatric Crit Care Med
2004;5:48-52. doi:10.1097/01.CCM.0000105310.00799.51.
Van den Toorn LM, Prins JB, Overbeek SE,
Hoogsteden HC, de Jongste JC. Adolescents in clinical
remission of atopic asthma have elevated exhaled
nitric oxide levels and bronchial hyperresponsiveness.
Am ] Respir Crit Care Med 2000;162:953-957. doi:10.
1164/ajrccm.162.3.9909033.

Van den Toorn LM, Prins JB, de Jongste JC, Leman
K, Mulder PG, Hoogsteden HC, Overbeek SE. Benefit
from anti-inflammatory treatment during clinical
remission of atopic asthma. Respir Med 2005;99:
779-787. doi:10.1016/j.rmed.2004.11.011.

Linhares D, Jacinto T, Pereira AM, Fonseca JA. Effect
of atopy and rhinitis on exhaled nitric oxide values -
a systematic review. Clin Transl Allergy 2011;1:8. doi:
10.1186/2045-7022-1-8.

Rolla G, Guida G, Heffler E, Badiu I, Bommarito L,
De Stefani A, Usai A, Cosseddu D, Nebiolo F, Bucca
C. Diagnostic classification of persistent rhinitis and
its relationship to exhaled nitric oxide and asthma a
clinical study of consecutive series of patients. Chest
2007;131:1345-1352. doi:10.1378/chest.06-2618.


https://doi.org/10.1542/peds.2013-0741
https://doi.org/10.1016/j.jaip.2018.01.018
https://doi.org/10.1016/j.jaci.2014.05.020
https://doi.org/10.1016/j.jaci.2018.09.038
https://doi.org/10.1183/09031936.05.00035205
https://doi.org/10.1016/j.jaci
https://doi.org/10.1164/rccm
https://doi.org/10.1164/rccm.9120-11ST
https://doi.org/10.1111/ped.12389
https://doi.org/10.1111/ped.12389
https://doi.org/10.1155/2016/5394876
https://doi.org/10.12932/AP-1707817-0138
https://doi.org/10.3388/jspaci.27.149
https://doi.org/10.3388/jspaci.27.149
https://doi.org/10.1097/01.CCM.0000105310.00799.51
https://doi.org/10.1164/ajrccm.162.3.9909033
https://doi.org/10.1164/ajrccm.162.3.9909033
https://doi.org/10.1016/j.rmed.2004.11.011
https://doi.org/10.1186/2045-7022-1-8
https://doi.org/10.1378/chest.06-2618

	Abstract
	Introduction
	Methods
	Subjects
	ART and FENO measurements
	Pulmonary function tests and assessment of ART

	The improvement rate of FEV1.0
	Patterns of changes in flow volume curves
	FENO measurement
	Statistical analysis
	Ethical considerations

	Results
	Patient backgrounds
	Changes in parameters of pulmonary function before and after the inhalation of BD
	Patterns of flow volume curve variations
	Comparison of FENO concentrations

	Discussion
	Declaration of interest
	References


