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ORIGINAL ARTICLE

IMPAIRED PULMONARY FUNCTION IN THE UNIVERSITY STUDENTS
WHO HAD ASTHMA IN CHILDHOOD

Yoshihito Tanaka®, Shingo Takanashi'?, Takeshi Morimoto®, Kageaki Taima",
Kunihiko Nakamura", Hisashi Tanaka", and Ken Okumura’

Abstract Background: Bronchial asthma in children often resolves as they grow. In persons with resolved asthma,
spirometry measurements such as FEV1 and FEV1/FVC show almost normal values. The forced oscillation technique
(FOT) is a new index of pulmonary function, and seems to be useful in detecting small changes that are not seen on
spirometry. This study aimed to compare spirometry, exhaled nitric oxide fraction (FeNO), and FOT between the
subjects with resolved asthma and normal subjects.

Methods: We recruited 484 subjects from our university (mean age, 18.5; male, 257). A questionnaire about past
history including bronchial asthma and other allergic diseases, spirometry, FeNO measurement, and FOT were
completed by 119 resolved asthma patients and 365 normal subjects.

Results: FEV1/FVC was significantly lower and FeNO was higher in resolved asthma patients than in controls.
There were significant differences between resolved asthma patients and controls in X5, Fres, and ALX as reactance
parameters. There were, however, no differences in the resistance parameters such as R5, R20.

Conclusions: There is a group of patients whose childhood asthma has resolved with respiratory impairment. Further
study will be required to determine whether spirometry, FeNO, and FOT are useful in making an early diagnosis of
asthma relapse.
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1. Introduction

The number of patients with bronchial
asthma, especially childhood asthma, is increasing.
Childhood bronchial asthma often resolves as
children growl). However, it is unknown whether
pulmonary function returns to normal levels
and whether airway inflammation remains.
Furthermore, some patients with resolved
childhood asthma have a relapse after the age
of 20 years2> . A longitudinal study reported that
about 35% of patients with resolved childhood
asthma relapse by 21 or 26 years of age®.

There are few studies investigating the
pulmonary function in patients with resolved
childhood asthma. Recently, the measurement
of the exhaled nitric oxide fraction (FeNO)
has been widely used as a non-invasive
examination”. FeNO levels are significantly
higher in patients with asthma than in healthy

7 and it is considered to be an

subjects
index of airway hypersensitivity and airway
inflammation®. Furthermore, the forced
oscillation technique (FOT) was developed
as a new method to measure respiratory
impedance” . The FOT is able to measure the
respiratory impedance during respiratory cycles
continuously and conveniently without requiring
respiratory effort by the patient. In mild asthma
patients, the results of spirometry such as
FEV1 and FEV1/FVC are almost normal®*'".
The FOT may detect small changes that cannot
be seen on spirometrym. Although the FOT is
not a replacement for spirometry, it is useful to
assess airway obstruction.

In this study, spirometry, the FOT, and

FeNO were measured in the childhood asthma
patients in whom asthma had resolved, and
their data were compared with those in normal
subjects.

2. Methods

2.1. Subjects

This study was approved by the Institutional
Review Board of Hirosaki University
Graduate School of Medicine and the Health
Administration Center of Hirosaki University
(2012-244, January 29, 2013). Hirosaki
University students were asked to fill out a
questionnaire and to undertake exhaled nitric
oxide measurements, respiratory impedance
measurements, and spirometry, in that order.
The study was performed from 2010 to 2013, and
a notice asking for participation to this study
was posted. A total of 519 students intended
to take part in this study and were informed
of the study. All 519 students consented to
participate in the study and signed the consent
form. Subjects were excluded from the study
if they had current asthmatic symptoms, acute
viral infections, a smoking history, or a history
of pneumothorax or thoracic surgery.
2.2. Questionnaire

An original questionnaire was used in this
study. The questionnaire included a history
of bronchial asthma, atopic dermatitis, allergic
rhinitis, any asthma-like symptoms such as
wheezing, shortness of breath, cough, and chest
discomfort within a year, and other past medical
history. Their medical histories obtained from
the questionnaires were compared with the
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FeNO, exhaled nitric oxide fraction; FOT, forced oscillation technique; VC, vital capacity; FVC, forced
vital capacity; FEV1, forced expiratory volume in one second; PEF, peak expiratory flow; MMF, maximal
midexpiratory flow; MEF50, maximal expiratory flow at 50%; MEF75, maximal expiratory flow at 75%; Rrs,
resistance; Xrs, reactance; R5, resistance at 5 Hz; R20, resistance at 20 Hz; R5-R20, the difference between R5
and R20; X5, reactance at 5 Hz; Fres, resonant frequency; ALX, low-frequency reactance area; ppb, parts per
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health condition questionnaires filled out by the
students’ parents upon university admission,
and it was confirmed that the subjects were
never smokers and not on any antiasthmatic
medications.
2.3. The fraction of exhaled nitric oxide (FeNO)

FeNO values were measured by an offline
method”. Breath samples were obtained using
an offline kit (GE Analytical Instruments,
Boulder, Colorado, USA) to measure FeNO
under the same conditions as with online
measurement. In this device, the expiratory
flow rate is adjusted to 50 mL/s when subjects
exhale at 5 cmH,0 oral pressure after inhaling
deeply. A disposable paper mouthpiece and
a viral and bacterial filter were connected to
a plastic mouthpiece adaptor with a pressure
gauge, followed by a plastic T-tube with
a resistance valve and a bag reservoir for
collecting samples. A 1.5-L Mylar bag (GE
Analytical Instruments) was used for the
reservoir bag. During expiration, the subjects
were asked to maintain a constant mouth
pressure (5 cmH,0) by watching a pressure
gauge. Air exhaled in the first 5 seconds was
discarded, and the air exhaled between 5 and
10 seconds was collected in the Mylar bag. The
samples obtained in bags were stored at room
temperature, and FeNO was measured on the
same day using a chemiluminescence analyzer
(NOA 280 GE Analytical Instruments).
2.4. Respiratory impedance

Respiratory impedance was measured with
the FOT using a device measuring impulse
oscillometry (MostGraph-01; Chest, Tokyo,

) o1 Impulse oscillometry signals

Japan
generated by a loudspeaker at intervals of 0.25
seconds were applied to the respiratory system
during normal breathing. The mouth pressure
and flow signals were measured and calculated
to obtain resistance (Rrs) and reactance (Xrs)
properties over an oscillatory frequency ranging

from 4 to 35 Hz. During measurements, the

subjects were asked to wear a nose clip while
breathing normally through a mouthpiece, and
they were instructed to close their lips tightly
around the mouthpiece to avoid air leakage.
Rrs at 5 and 20 Hz (R5 and R20, respectively)
and the difference between R5 and R20 (R5-
R20) were used as an indicator of the frequency
dependence of Rrs. Xrs at 5 Hz (X5), which
reflects the elastic and inertial properties of the
lung, the resonant frequency (Fres) where Xrs
crosses zero and the elastic and inertial forces
are equal in magnitude and opposite, and the
low-frequency reactance area (ALX), which
is the integral of Xrs at 5 Hz to Fres, was also
used. Each oscillatory index was expressed
as the mean value during a respiratory cycle
(whole breath), during the expiratory phase,
and during the inspiratory phase.
2.5. Pulmonary function tests

Spirometry was performed using a pulmonary
function testing system (HI-801 Chest). The test
was performed in accordance with the findings
of the ATS/ERS Taskforce 2005,
2.6. Statistical analysis

Statistical analysis was performed using
JMP 10 software (SAS Institute Inc., Cary,
North Carolina, USA). Quantitative data were
summarized as means * SEM. Differences
in means between two groups were analyzed
using Welch's t-test and considered significant
at p<0.05. All tests were two-sided.

3. Results

A total of 519 students gave a consent to
participate to this study. None of them were
either current or previous smokers, but 35 were
excluded from the study because of asthmatic
symptoms (n=23), current viral infections
(n=7), and a history of chest diseases such
as pneumothorax (n=5). On the basis of the
questionnaire, the remaining 484 subjects were
divided into two groups: those with resolved
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Table 1 Subjects’ characteristics

Subjects Group N Group A P value
n 365 119
age (years) 185 = 0.1 185 = 0.1 0.98
gender (male / female) 187 / 178 70 / 49 0.17
height (cm) 1652 = 05 165.7 = 0.8 0.56
body weight (kg) 58.7 £ 0.6 61.1 £ 1.0 0.05
BMI (kg/m®) 214 = 02 221 = 03 0.04
history of atopic dermatitis 80 (21.9%) 46 (38.7%) <0.01
history of allergic rhinitis 200 (54.8%) 78 (65.5%) 0.04
Pulmonary functions
vC (L) 4.07 = 0.05 4.06 = 0.08 0.87
VC (% predicted) 1071 = 0.7 1040 = 1.2 0.03
FVC (L) 396 = 0.05 398 + 0.08 0.82
FVC (% predicted) 104.3 = 0.7 1025 = 1.2 0.18
FEV1 (L) 361 = 0.04 355 = 0.07 051
FEV1 (% predicted) 953 + 0.7 923 * 12 0.01
FEV1/FVC (%) 915 + 03 896 + 06 <0.01
PEF (L/s) 710 = 0.21 6.82 + 0.37 0.37
PEF (% predicted) 788 = 1.0 766 = 18 0.30
MMF (L/s) 460 = 0.06 431 = 0.11 0.02
MMF (% predicted) 1199 = 1.7 1109 = 29 <0.01
MEF50 (L/s) 508 £ 0.07 483 = 0.13 0.09
MEF50 (% predicted) 906 £ 1.1 850 £ 19 <0.01
MEF75 (L/s) 281 = 0.05 253 £ 0.08 <0.01
MEF75 (% predicted) 838 £ 1.2 745 £ 2.1 <0.01
FeNO (ppb) 455 = 13 515 * 22 0.04

Values represent mean * SEM.

BMI, body mass index; VC, vital capacity; FVC, forced vital capacity; FEV1, forced
expiratory volume in one second; PEF, peak expiratory flow; MMF, maximal midexpiratory
flow; MEF50, maximal expiratory flow at 50%; MEF75, maximal expiratory flow at 75%;

ppb, parts per billion.

childhood asthma (Group A; n=119), and those
with no history of asthma (Group N; n=365).
The characteristics of the subjects, pulmonary
function results, and FeNO are shown in Table
1. Significant differences were noted in history of
atopic dermatitis and history of allergic rhinitis
between Group A and Group N. There were
no significant differences in VC, FVC, FVC (%
pred.), and FEV1 between them. However,

VC (% pred.), FEV1 (% pred.), MMF, MEF75,
and MEF75 (% pred.) were all significantly
lower in Group A than in Group N. Frequency
distributions of VC and FEV/FVC are shown
in Figure 1. VC was within normal limits in
98.1% (358/365) of Group N subjects and 96.6%
(115/119) of Group A subjects. Similarly, FEV1/
FVC was within normal limits in 99.5% (363/365)
of Group N subjects and 99.2% (118/119) of
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Figure 1

Group N Group A

Frequency distributions of spirometry results. Group N: subjects without a history of asthma. Group
A: subjects with resolved childhood asthma. Although there are no significant differences in the %
predicted value of VC, FEV1/FVC is significantly lower in Group A.

Group A subjects. Although differences of
FEV1/FVC between Groups N and A were
small, there were significant differences between
the two groups.

FeNO was significantly higher in Group
A than in Group N (51.5+22 ppb vs. 455+
1.3 ppb; p=0.04). The frequency distribution
of FeNO is shown in Figure 2. Although most
subjects showed FeNO levels under 40 ppb,
some showed FeNO levels over 70 ppb. In
Group A, the frequency distribution showed two

peaks (under 40 ppb and about 70 ppb).

The results of respiratory impedance
measurements are shown in Table 2. In the
whole breathing cycle, although there were no
significant differences in R5, R20, and R5-R20
between the two groups, reactance parameters
(X5, Fres, and ALX) were significantly higher
in Group A than in Group N. Similarly, X5,
Fres, and ALX were significantly higher in
Group A than in Group N in the expiratory
and the inspiratory phases. In addition, R5-R20
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Figure 2 Frequency distribution of FeNO levels. Group

Group A
N: subjects without a history of asthma. Group A:

subjects with resolved childhood asthma. Although most subjects in both groups show FeNO levels
under 40 ppb, Group A subjects show a frequency distribution of two peaks at under 40 ppb and

about 70 ppb. ppb = parts per billion.

was significantly higher in Group A only in the
inspiratory phase. The frequency distributions
of R5 and Fres are shown in Figure 3. For R5,
an Rrs parameter, the frequency distribution was
similar between the two groups. In contrast,
Fres was higher in Group A than in Group N,
which had a peak at 7.00 to 7.99 Hz.

4. Discussion

Spontaneous resolution of childhood asthma
is relatively common, especially during
adolescence. In this study, spirometry, the FOT,
and FeNO measurements were performed
in our university students who had resolved
bronchial asthma, and the results were

compared with those of normal subjects at our
university. We found that on spirometry, VC
(% pred.), FEV1 (% pred.), FEV1/FVC, MMF,
MMF (% pred.), MEF50 (% pred.), MEF75,
and MEF75 (% pred.) were significantly lower,
FeNO was significantly higher, and on the FOT,
reactance parameters such as X5, Fres, and
ALX were higher in resolved asthma subjects
than in normal subjects.

A number of studies have reported the lung
function of subjects with asthma in remission.
Some reports concluded that asthma causes
irreversible airflow obstruction''®. Other
showed almost normal FEV1 values*'”. The
results vary with the subjects’ age and the
definition of remission. The present study
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Table 2 Respiratory impedance results

Group N (n=365) Group A (n=119) P value
Whole breath
R5 (cmH,0/L/s) 3.10 = 0.07 316 = 012 0.56
R20 (cmH,0/L/s) 236 £ 0.05 234 £ 0.08 0.79
R5-R20 (cmH,0/L/s) 0.75 £ 0.03 083 £ 0.05 0.16
X5 (cmH,0/L/s) -0.30 = 0.03 -049 = 0.05 <0.01
Fres (Hz) 6.74 £ 013 779 £ 0.23 <0.01
ALX (cmH,O/L/s*Hz) 1.65 = 0.15 236 £ 0.26 0.02
Expiratory phase
R5 (cmH,0/L/s) 3.36 = 0.08 334 £ 014 0.86
R20 (cmH,0/L/s) 247 £ 0.05 243 £ 0.10 0.59
R5-R20 (cmH,0/L/s) 0.89 £+ 0.03 091 £ 0.06 0.68
X5 (emH,0/L/s) -040 = 0.04 -059 = 0.06 <0.01
Fres (Hz) 718 £ 0.16 823 £ 0.27 <0.01
ALX (cmH,0/L/s*Hz) 208 = 0.18 290 £ 0.32 0.04
Inspiratory phase
R5 (cmH,0/L/s) 284 £ 0.06 299 £ 0.10 0.15
R20 (cmH,0/L/s) 223 = 004 225 = 007 0.72
R5-R20 (cmH,0/L/s) 0.61 £ 0.03 0.74 £ 0.05 0.02
X5 (cmH,0/L/s) -0.19 = 0.03 -040 = 0.05 <0.01
Fres (Hz) 6.28 £ 0.12 732 £ 022 <0.01
ALX (cmH,0/L/s*Hz) 122 = 0.13 1.82 = 0.23 0.02

Values represent mean + SEM.

R5, resistance at 5 Hz; R20, resistance at 20 Hz; R5-R20, the difference between R5 and R20;
Xb, reactance at 5 Hz; Fres, resonant frequency; ALX, a low-frequency reactance area.

demonstrated that the young subjects with a
mean age of 185 and resolved asthma showed
not only peripheral airway obstruction but lower
FEV1/FVC values, although the difference was
small. In the frequency distribution of FEV1/
FVC, the peak was lower in the resolved asthma
patients. A study by Robin et al. suggested that
a lower FEV1/FVC ratio at 18 years of age was
a significant independent prognostic factor for
relapse of asthma®. Therefore, the subjects with
a lower FEV1/FVC value are considered to be
in need of follow-up.

FeNO is an index of eosinophilic inflam-
mation that is used to evaluate the airway
inflammation of asthma”. In clinical remission

of childhood asthma, after discontinuation of
inhaled corticosteroids, an elevation of FeNO
is a marker of asthma relapsem. Leon et al.
reported that FeNO correlated with bronchial
hyperresponsiveness measured by adenosine-5-
monophosphate levels, and FeNO can be used
as a non-invasive index of clinical relapse of
asthma'’. In the present study, elevated FeNO
levels were found in resolved childhood asthma
patients, suggesting that airway inflammation
remains even in such subjects. Interestingly, in
the frequency distribution, some of the resolved
childhood asthma patients had high FeNO
levels, suggesting that such subjects are at risk

of the relapse in the future'®,
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Figure 3 Frequency distributions of R5 and Fres levels. Group N: subjects without a history of asthma. Group
A: subjects with resolved childhood asthma. There is no significant difference in R5, while Fres is

higher in group A than in group N.

The FOT is a new method that allows
measuring both respiratory resistance and

9101 although there have

respiratory reactance
been only few reports regarding it. To our best
knowledge, this is the first study to report the

FOT parameters in subjects with resolved

childhood asthma. There were significant
differences between subjects with resolved
childhood asthma and normal subjects in X5,
Fres, and ALX as Xrs parameters, but there
were no differences in R5, R20, and R5-R20 as
Rrs parameters. Xrs parameters are thought
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to show lung elasticity and lung inertia and are
more sensitive than Rrs parameters®. This may
explain why differences were found in the Xrs
parameters.

This study provides evidence that subjects
with resolved childhood asthma have impaired
pulmonary function, higher FeNO values, and
abnormal respiratory reactance. Furthermore,
the present study showed that there is a group
of subjects with resolved childhood asthma
who have respiratory impairment. Follow-up
examinations may be necessary to determine
whether these differences are related to
asthma relapse?” %, There are a great number
of subjects with resolved asthma in a real
world, and it is impossible to measure airway
hyperresponsiveness as a predictor of asthma
relapse in all such subjects. Non-invasive
examinations, such as pulmonary function,
FeNO measurements, and FOT can be useful
in the detection of respiratory impairment in
patients with resolved childhood asthma®’.
Further study will be required to determine
whether spirometry, FeNO, and FOT are useful
in making an early diagnosis of asthma relapse.
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