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Abstract

Objective  Asian dust storms originating from arid regions
of Mongolia and China are a well-known springtime phe-
nomenon throughout East Asia. Evidence is increasing for
the adverse health effects caused by airborne desert dust
inhalation. Given that people spend approximately 90 % of
their time indoors, indoor air quality is a significant con-
cern. The present study aimed to examine the influence of
outdoor particulate matter (PM) levels on indoor PM levels
during Asian dust events under everyday conditions.
Methods We simultaneously monitored counts of parti-
cles larger than 0.3, 0.5, 1, 2, and 5 pm using two direct-
reading instruments (KC-01D1 airborne particle counter;
Rion), one placed in an apartment room and another on the
veranda, under everyday conditions before and during an
Asian dust event. We also examined how indoor particle
counts were affected by opening a window, crawling, and
air purifier use. '

Results An Asian dust event on 24 April 2012 caused 50-
and 20-fold increases in PM counts in outdoor and indoor
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air, respectively. A window open for 10 min resulted in a
rapid increase of indoor PM counts up to 70 % of outside
levels that did not return to baseline levels after 3 h. An air
purifier rapidly reduced PM counts for all particle sizes
measured.

Conclusions It is important to account for occupant
behavior, such as window-opening and air purifier use,
when estimating residential exposure to particulate matter.

Keywords Indoor air - PM2.5 - PM10 - Dust storm -
Asian dust

Introduction

Asian dust events are well-known spring phenomena in East
Asia that originate from the deserts of Mongolia and China.
Asian cities experience yellow air on several days in the
spring when the dust is blowing. The dust includes quartz, an
amorphous and crystalline silica known to cause respiratory
disease in people with occupational exposure or high levels
of exposure from living close to deserts [1-4] and inflam-
mation in the lungs of rats in experimental studies [5-8].
Further, dust particles contain chemicals derived from air
pollutants, such as sulfate (SO4*7) and nitrate (NO57), as
well as microbial agents, including bacteria, fungi, fungal
spores, and viruses, that sometimes survive long-distance
transportation [9-11]. The impact of airborne dust may be
exacerbated by these potential allergens and pathogens.
Epidemiological studies also provide increasing evidence
of adverse health effects from airborne desert dust inhalation.
Hospitalization risk increases significantly for asthmatic
children [12], as do emergency ambulance dispatches [13]
after Asian dust events in Japan. Non-accidental mortality
and cardiovascular mortality also increase significantly after
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Asian dust events in Taiwan [14]. A Korean study, where the
influence of desert dust was not necessarily specifically
investigated, also shows that particulate matter (PM) number
as well as mass concentration are significantly associated
with respiratory and cardiovascular disease-related mortality
among the elderly [15].

Given that people spend approximately 90 % of their
time indoors [16], indoor air quality is a significant con-
cern. In Japan, the season for Asian dust events coincides
with one of the most comfortable periods of the year. Our
preliminary investigation (unpublished data) revealed that
approximately half of the pregnant women in Kyoto, Japan,
opened windows every day during April 2012 (1794
respondents/2107 queried).

We investigated how indoor PM counts (larger than 0.3,
0.5, 1,2, and 5 um, respectively) are influenced by various
factors, including window/door openness, activity (crawl-
ing), and air purifier use, under everyday conditions in an
apartment in Japan on days with Asian dust events.

Methods
Monitoring situation

‘We monitored PM counts in a room on the 10th floor of an
apartment building in a residential area of Kyoto. There is a
100 m distance from the apartment building to the nearest
two-way road. The building is a reinforced concrete
structure built in 2001, 11 years before this study.

The apartment is a 4LDK with 86 m? floor area, occu-
pied by two adults and an 11-year-old girl. None of the
occupants are at home during the daytime and all three are
non-smokers. The floor is wooden and shoes are strictly
prohibited in the rooms in accordance with Japanese cul-
ture. The monitored room of the apartment has a 22 m?
floor area and is shown in Fig. 1. The door in the monitored
room was kept closed throughout the study period except
when occupants went in or out, but there is a 0.8 cm-wide
space at the bottom of the door even when it is closed. An
air purifier was constantly used in the living/dining room
during the observational period (2 m*/min airflow) and was
moved to the monitored room for the experiment.

The study period was composed of an observational
period and an experimental period. An observational period
was composed of a control period and an Asian dust period
(Fig. 2). In the experimental periods, we performed
experiments of opening windows (20 cm, 10 min) or air-
purifier use to see how these factors affect the PM counts
indoors. We also performed an experiment of crawling (a
researcher, 160 cm height, crawled on the floor for 10 min)
to see if dust fallen on the floor affects the indoor air again
because of activities.

@ Springer
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Fig. 1 Floor plan of the monitored apartment. Two particle counters
(solid circles) were used. One was placed 20 cm above the floor in the
monitored room and the other was placed 120 cm above the veranda
floor. An air purifier (solid rectangle) was placed in the living-dining
room during the observational period and moved to the monitored
room for the experiment

Monitoring equipment

The direct-reading instrument used to measure particle size
and count was a Rion KC-01-D1 airborne particle counter.
The machine simultaneously counts particles larger than 0.3,
0.5, 1, 2, and 5 pm. We concurrently monitored the indoor
PM counts 20 cm above the floor, and outdoor PM counts
120 cm above the veranda floor (Fig. 1). The flow rate was
0.5 L/min, and particle counts were measured every 2 min.

Room variables recorded during the study period
included the following: window (open/closed), room door
(open/closed), air conditioner (on/off), ventilation system
(on/off), cooking in the apartment (yes/no), and the number
of persons present during the testing.

Information regarding desert dust concentration was
provided by light detection and ranging (LIDAR) with a
polarization analyzer in Osaka [17, 18], which distin-
guishes soil dust (non-spherical particles) from atmo-
spheric pollutants (spherical particles) by measuring the
extent of scattered reflected light [19, 20]. We used the data
for an altitude of 135 m. Suspended particulate matter
(SPM; PM7) was measured at an air quality monitoring
station in Kyoto located approximately 5 km from the
apartment building.
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Fig. 3 Asian dust distribution prediction by the Chemical Weather Forecast System [17]. The Asian dust clouds were predicted to arrive in
Kyoto at noon on 23 April 2012 :
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Fig. 4 Estimation of non-spherical and spherical particle concentra-
tions by light detection and ranging (LIDAR) [21]
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Results

Forecast and station data during the study period
(22-25 April 2012)

The Chemical Weather Forecast System (CFORS) pre-
dicted the arrival of an Asian dust cloud in Kyoto at noon
on 23 April (Fig. 3) [21, 22], and LIDAR in Osaka mea-
sured high concentrations of soil dust during the same
period (Fig. 4) [17, 18].

SPM measured by the Atmospheric Environmental
Regional Observation System at a local site in Kyoto, 5 km
from the apartment, increased from the afternoon of 23
April until the morning of 26 April (Fig. 2).

Notably, CFORS predicted increased sulfate in the air
during the same period (Fig. 5) [21], and an increase in the
spherical particulate matter was observed by LIDAR

Apr. 24, 2012 0:00

Foi R O L i v

Apr. 25, 2012 0:00

,,,,,, § 5 T o

Fig. S Sulfate distribution prediction by the Chemical Weather Forecast System [17]
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Fig. 6 Comparison of particle counts/L inside and outside during control (lefr) and Asian dust (right) periods

during this Asian dust event (Fig. 4) [17], which was
considered to be trans-boundary air pollution flying
simultaneously with Asian dust.

Indoor and outdoor PM counts (/L)
before and during dust storms

Figure 6 shows indoor and outdoor air PM counts (/L) before
and during a dust storm with closed windows, without air-
conditioner use in the monitored room, and without cooking
throughout the study period. A room door was opened twice
during each period and the apartment door was opened twice
for short periods of time (several seconds) during each period.
Before the dust storm, the PM (particles > 0.3 pm) counts
were very low both indoors and outdoors (indoors: mean
5186/L, range 921-12 670/L; outdoors: mean 4779/L,
range 1154-23 637/L). During the dust storm, the indoor PM
(particles > 0.3 pm) counts increased approximately 20-fold,
while the outdoor PM counts increased approximately 50-fold

(indoors: mean 115 340/L, range 44 737-243 399/L; out-
doors: mean 250 867/L, range 65 152-375 367/L; Fig. 6).
Indoors, smaller PM levels seemed to be more influenced by
outdoor PM levels than larger PM levels (Fig. 6).

Factors that affect indoor PM counts

Figure 7 shows the time course of PM counts through the
experiments. Opening a window (20 c¢m) for 10 minresulted
in arapid increase in PM counts up to 70 % of outdoor levels.
Smaller PM sizes remained longer in room air, as high as
50 % of outdoor levels for PM greater than 0.5 and 0.3 pm
even after 3 h. A researcher’s crawling caused an increase in
counts of PM larger than 1 um. An air purifier (non-HEPA
filter, 3 m®/min airflow) reduced PM counts for all sizes in
30 min. With the air purifier on, window opening (20 cm) for
10 min still caused elevation of PM counts up to 50 % of
outdoor levels, but counts for all sizes rapidly returned to
baseline levels after closing the window. )
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2 h before observation began. We

>

, in addition to this ventilation, the occupants

and the authors concluded that this was likely the primary
reason that air particle concentrations inside the building
opening doors and their movements into and out of the

The PM increase observed in this study was larger
than in the Taipei study. One explanation for this is that

were significantly affected by outside air pollutants during
rooms were the main routes for PMs entering the moni-

dust storms. The ventilation system in our apartment was
tored room.

systems in this high-rise building utilize air from outside,
used once for 20 min

speculate that

iscussion
pringer

Fig. 7 PM counts/L in outdoor (upper) and indoor (lower) air under various conditions

This study measured indoor and outdoor particle counts
during an Asian dust event under everyday conditions. An
Asian dust event on 24 April 2012 caused a 50-fold
increase in PM counts outdoors and a 20-fold increase
indoors in an apartment room in Japan. As far as we know,
there is one report regarding PM changes in indoor air
during Asian dust events at an office building in Taipei
[23]. This report showed that indoor PM2.5 and PM10
increased threefold during the dust storm while outdoor
PM2.5 and PMI10 increased 1.7-fold. The ventilation

D
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the baseline count was very low in our study (mean
SPM during the control period was 1.7 ug/m®, range
0-5 ug/m®) compared to the control period in Taipei
(PM2.5 and PM10 were 45 and 70 pg/m’, respectively).
Second, in this study, air pollution other than desert dust
was also observed during the Asian dust period; CFORS
predicted sulfate aerosol arrival in our Asian dust period
and LIDAR observed spherical as well as non-spherical
particulate matter during this time period. Accordingly,
the observed PM count increase is considered to be a
mixture of desert dust and other air pollution. Finally,
this study and the Taipei study may have also differed in
the original scale of the Asian dust storms observed.

An open window (20 cm) for 10 min resulted in a rapid
increase of indoor PM counts up to 70 % of outside levels,
which was maintained for 3 h after closing the window. An
air purifier rapidly reduced the PM counts for all particle
sizes larger than 0.3 um.

Previous reports have often noted that air change rates
in occupied houses are highest when weather conditions
are mild, and several investigators have speculated that
this is due to increased window-opening behavior under
mild conditions. Iwashita and Akasaka measured venti-
lation rates using gas tracers and questionnaire surveys
assessing indoor environment and residents’ behavior,
and concluded that 87 % of the total air change rate was
due to occupant behavior [24]. United States researchers
quantitatively confirmed that having a single window
open can increase air change rates [25].

This study’s PM observations indoors and outdoors
during an Asian dust event are consistent with the previous
reports above and suggest the importance of accounting for
occupant behavior, such as window-opening and air puri-
fier use, when estimating residential exposure to particulate
matter.

In conclusion, Asian Dust arrival caused a 50-fold
increase in PM counts outdoors and a 20-fold increase
indoors under everyday conditions on 24 April 2012, in
Kyoto, Japan.

A window open for 10 min resulted in a rapid
increase of indoor PM counts up to 70 % of outside
levels that was maintained for 3 h. An air purifier rapidly
reduced PM counts for all particle sizes larger than
0.3 pm.

The results suggest it is important to account for occu-
pant behavior, such as window-opening and air purifier use,
when estimating residential exposure to particulate matter.
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Translation and Linguistic Validation
of the Allergy-CONTROL-Score™ for
Use in Japan
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ABSTRACT

Background: Symptom and medication scores are recommended to measure the primary outcome on aller-
gies. The Allergy Control Score was proved to be a valid and reliable instrument to assess allergy severity in
clinical trials and may be used in observational studies of respiratory allergic diseases in many countries. We
translated the Allergy Control Score and adapted it for use in Japan.

Methods: We translated the original English version into Japanese according to the Mapi approach to linguis-
tic validation: conceptual definition, forward translation by two native Japanese speakers, reconciliation, back-
translation by an independent translator, review in consultation with original developer, and pilot testing on 12
patients of an allergy clinic and 3 volunteers with seasonal/non-seasonal allergic rhinitis and/or asthma.
Results: Two of the ten back-translated items needed slight modifications and some words were revised. In
the pilot test, the average time required to complete the questionnaire was 55 seconds for the section on symp-
toms and 25 seconds for the section on medication. All participants were able to self-complete the question-
naire.

Conclusions: By applying the Mapi approach to linguistic validation, we ensured a close match between the
Japanese and English versions of the Allergy Control Score. The Allergy Control Score Japanese version is ac-

cessible and acceptable to persons with respiratory allergic symptoms in Japan.

KEY WORDS
allergic rhinitis, asthma, Japanese, questionnaire

INTRODUCTION

Symptom and medication scores are recommended
to measure the primary outcome of clinical trials on
respiratory allergies,! and their use is proposed by in-
ternational regulatory agencies, such as the Euro-
pean Medicines Agency (EMEA).2 However, vali-
dated symptom and medication scores assessing res-
piratory allergy symptom are currently not available
in Japan. The Allergy Control Score (ACS) was devel-
oped and has been used successfully in multiple clini-
cal trials in Europe35; it was validated by assessing re-
producibility, discrimination capacity, and feasibility

in healthy controls and patients with respiratory aller-
gies.® Convergent reliability analysis indicated a
highly significant correlation between ACS and global
allergy severity (P < 0.0001), quality of life (P
< 0.0001), and allergy-related medical consultations
(P < 0.0001). Scores were highly related to pollen
counts. ACS showed a good retest reliability (r = 0.81;
P < 0.0001) and discriminated well between patients
with allergy and healthy controls with a sensitivity of
97% and a specificity of 87%. Study participants evalu-
ated the feasibility as excellent. The ACS was proved
to be a valid and reliable instrument to assess allergy
severity in clinical trials and observational studies of
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respiratory allergic diseases.

The objective of the present study was to develop a
translated Japanese version of the ACS, with subse-
quent linguistic validation among Japanese persons
with respiratory allergies.

METHODS

MAP! STANDARD LINGUISTIC VALIDATION
PROCESS
The Mapi approach to cross-cultural adaptation was
referenced and used in this study.” The Mapi Re-
search Institute is an international research organiza-
tion that engages in translating and validating health-
related QOL questionnaire for cross-cultural use.8
More than 350 instruments into over 110 languages
have been translated and validated internationally
there.8 We followed their ‘standard linguistic valida-
tion process’, which deals with questionnaire devel-
oped in English and needed in another language
and/or culture. The Mapi Institute itself was not in-
volved in this study.

‘The standard linguistic validation process’ of the
Mapi Research Institute is composed of the following
stages:

- Conceptual definition: the developer of the ACS
and the researcher managing the linguistic valida-
tion process (the consultant) reviewed all items of
the questionnaire to clarify the concepts involved;
Forward translation: the original instrument was
translated into Japanese by two translators, a
medical professional and a lay person, both native
Japanese speakers proficient in English. The con-
sultant re-conciliated the two translations and es-
tablished a consensus version;

Backward translation: the consensus version was

back-translated into English by an independent

translator who was a native speaker of English
and had never seen the original version of ACS.

The consultant compared the back translation

and the original version and examined any dis-

crepancies between them. These were reviewed
by the developer of ACS to produce the pilot ver-
sion;

Pilot testing: the Mapi approach pilot testing com-

prises 2 stages that take place in parallel: cogni-

tive debriefing, where the pilot version is tested

with a small sample from the target population (5-

10 subjects) to assess its relevance, clarity and in-

telligibility; and a clinician’s review, where an ex-

pert clinician reviews and offers feedback on the
pilot version.

- Proofreading: two rounds of proofreading ensured
the instrument was free of typing, spelling and
grammatical errors. This was done, as recom-
mended, by the consultant and one translator.

1
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PILOT TESTING PARTICIPANTS AND PROCE-
DURE

The study protocol was approved by the Kyoto Uni-
versity Ethics Committee Review Board. The subjects
gave a written informed consent and patient anonym-
ity were preserved using documents and methods ap-
proved by the ethical review committee.

We recruited subjects with seasonal/non-seasonal
allergic rhinitis, allergic conjunctivitis, and/or asthma
in Kyoto at a clinic and elementary school. Eligibility
criteria included a) suffering from seasonal/non-
seasonal allergic rhinitis and/or asthma, and b) not
being a medical professional. A letter that included in-
formation on the project was given to each participant
by their physician (at a clinic), or by the investigator
(at an elementary school). Once written consent was
given, each participant filled out the following:

- Background information: age, sex, and allergic

disease history.

- Pilot version of ACS symptom and medication

parts. ACS symptom part consisted of 10 items
that covered 3 domains: nasal, eyes, and bron-
chial symptom. Scores range from 0 to 3 : 0 = ab-
sent (no sign/symptom evident); 1 = mild (sign/
symptom clearly present, but minimal awareness;
easily tolerated); 2 = moderate (definite aware-
ness of sign/symptom that is bothersome, but tol-
erable); 3 = severe (sign/symptom that is hard to
tolerate; causes interference with activities of
daily living and/or sleeping). ACS medication
part consisted of 2 items; brand name of medica-
tion, and dosage on the day.
Eleven questions on accessibility (e.g., ‘Did you
find any of the items difficult to understand?’), the
content validity and the acceptability of the ques-
tionnaire (e.g., ‘Do you think you would score
high on this questionnaire if you have severe al-
lergic symptom?’ ‘How difficult was it to respond
to the questionnaire?” ‘Do you have any sugges-
tions on the questionnaire?).

DATA ANALYSIS

Descriptive analyses were used to assess the quality
of the translations. Time to complete and the percent-
age of missing data were calculated to assess how ac-
cessible and acceptable the questionnaire was to par-
ticipants. We also assessed the accessibility/accept-
ability/validity of the questionnaire using a feasibility
questionnaire given to participants post-pilot. Partici-
pants’ reactions to the ACS questionnaire items were
observed to assess whether they misread any of
them, asked for clarification, or needed prompting to
answer them. The calculation of the J-ACS was done
as described in the original publication of the ACS.6

RESULTS

CONCEPTUAL DEFINITION
The consultant reviewed all instructions, items and

Allergology International Vol 62, No3, 2013 www.jsaweb.jp/
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Table 1 Answers to feasibility questions

Feasibility Questions

n 0 1 2 3

Do you have any items difficult to understand? (0 = no, 1 = yes) 15 15 0

Do you have any items difficult to answer? (0 = no, 1 = yes) 15 12 3

Do you think the items are easy to answer overall? (0 = yes, 1 = no) 15 15 0

How strenuous was it to respond to the questionnaire? (0 = not at all, 4 = very much) 15 13 2 0 0
How unpleasant was it to answer to the questions? (0 = not at all, 4 = very much) 15 15 0 0 O
Do you think you will have higher score at the questionnaire on the day you have severe allergic symptom? 15 14 1

(0 =yes, 1 =no)

| appraised the content of the questionnaire altogether: (0 = very easy, 4 = very difficult) 15 156 0 0 O
How much did you have to think to answer the single questions? (0 = very little, 1 = little, 2=some,3=much) 15 4 10 1 0
How comprehensible is the instruction on filling out questionnaire? (0 = very easy, 4 = very difficult) 15 13 2 0 O
How comprehensible is the instruction on the application of medication? (0 = very easy, 4 = very difficult)y 15 9 6 0 0
Do you have any suggestions to the questionnaire? (0 = no, 1 = yes) 15 15 0

response choices of the ACS with the developer of
the instrument to ensure conceptual clarity.

TRANSLATIONS

The original ACS was translated into Japanese by two
native Japanese-speakers. The consensus version of
these two translations was then back-translated into
English. The back-translated version was compared
with the original ACS. The items used in the ques-
tionnaire were easily translated, and our results were
promising: Eight of the 10 back-translated items were
identical to the consensus version and another 2
slightly differed (‘watering’ to ‘tears’ and ‘itching’ to
‘ticklishness’). Accordingly, in consensus with origi-
nal developer, we re-transferred the two, which were
then back-translated essentially identical to the origi-
nal version but with slightly different in wording;
‘teary eyes’ and ‘itchiness (feeling itch)’. Six of the 7
direction sentences were essentially identical in
meaning but slightly different in wording. One direc-
tion sentence was slightly modified, but the differ-
ence was due to the back-translator’s error.

PILOT TEST

Clinician’s Review

The clinician reviewed the translated ACS and con-
firmed that the translated version of ACS was appro-
priate for Japanese patients with respiratory allergies.
However, the clinician proposed giving more exam-
ples in instruction to make the questionnaire more
user-friendly. In fact, the pilot testing revealed that
the instructions regarding items related to medica-
tions were not very easily comprehensible (Table 1).
In consensus with the original developer, we added
more examples to the instructions (Supplementary
Fig. 1).

Cognitive Debriefing

‘We administered the first version of J-ACS that in-
cluded translated items with no diary-styled items to
9 subjects. We then administered the second version

Allergology International Vol 62, No3, 2013 www.jsaweb.jp/

of J-ACS that included the diary style to 6 subjects.

Participants’ characteristics—Fifteen subjects with
seasonal/non-seasonal allergic rhinitis, and/or
asthma were recruited from an allergy clinic and
from parents at an elementary school in Kyoto. Par-
ticipants comprised 2 men and 13 women, with an
age range of 16-60 years (mean 41 years, median 40
years). All participants had allergic rhinitis, eight
(563%) of which were seasonal, three (20%) with aller-
gic conjunctivitis, and two (13%) with asthma. All sub-
jects completed the questionnaire only once, ob-
served by the investigator at the clinic or at the
school. The one-day part of the diary-styled question-
naire was completed within 3 minutes (range: 40-123
seconds, mean 80 seconds; 55 seconds for symptom
part and 25 seconds for medication part).

Accessibility and acceptability of the ACS—AIl sub-
jects were able to self-complete the questionnaire.
They all found the questionnaire easy to answer over-
all and all replied that no items were difficult to un-
derstand. Two participants commented that the ques-
tionnaire was “slightly strenuous” while the other 13
participants chose “not strenuous at all”. Three par-
ticipants chose that they felt one item was difficult to
answer; one felt it was slightly difficult in judging if a
symptom was tolerable; another pointed out that he
could not judge if he should take into account his
cold symptom (sneeze). Because the second version
of ACS included a field to comment in that allowed
the users to describe their irrelevant symptoms G.e.,
cold), we believe the second version of the J-ACS re-
solves all of the above concerns.

In addition to the above, one participant did not re-
member her medication name used on that day, but
commented that she would have noted the medica-
tion if she knew that she was going to be asked.
Again another participant did not specify her medica-
tion but commented that she could fill in the part
once she returned home. The problem of forgetting
the name of one’s medication could be resolved if the
participant was made aware of the need to know this
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ns5

score

Fig. 1 Distribution of J-ACS scores.

information prior to filling out the questionnaire.

Content validity—No items needed specific clarifi-
cation. All but one subject commented that it was
easy to describe changes in severity of their allergic
symptom if the questionnaire once administered
daily. One patient with severe seasonal allergic rhini-
tis commented that she suffered intolerable allergic
symptoms daily during the spring, and some of her
symptom scores were fixed at 3 during the season,
suggesting a ceiling effect. However, once she was
explained that ACS uses the total score of all symp-
toms and medications used on the day, she agreed
that her score accurately reflected her symptom se-
verity on the day. Her clinician commented that she
suffered from severe seasonal allergic rhinitis, and
that her case was an outlier. In fact, the scores of the
questionnaire were well distributed across response
categories, and this patient had the highest score of
all the participants (Fig. 1).

DISCUSSION

This study linguistically validated the Allergy Control
Score for use with Japanese people with respiratory
allergic symptoms. The Mapi Institute guidelines was
referenced and used. Two native Japanese-speakers,
a medical professional and a layperson, translated the
instrument into Japanese. An independent translator
back-translated the consensus version of these two
translations into English to check equivalence with
the original ACS. We tested the pilot version of the
Japanese ACS on 15 subjects with respiratory allergic
symptom to evaluate its accessibility, acceptability
and content validity. Fifteen subjects recruited to the
study, all agreed to take part and all were eligible,
making the overall response rate (100%). The accessi-
bility of the J-ACS to subjects with respiratory allergic
symptoms is supported by the fact that all respon-
dents were able to complete the questionnaire within
3 minutes. The responses were well distributed
across response categories (Fig. 1), suggesting the
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questionnaire items would discriminate well between
respondents. Although an extremely severe patient
pointed out a ceiling effect in the symptom score, she
later recognized that her medication score would be
added to the total score and that the J-ACS can dis-
criminate everyday changes in symptoms among se-
vere patients. Initial support for content validity for
this questionnaire was supported by the fact that no
one requested to add information to the question-
naire.

A limitation of this pilot study is its small sample of
participants. Although we followed the sample size
suggested by the Mapi guidelines (# = 5-10), we did
not carry out quality controls of data that require
large samples sizes, such as estimating Cronbach’s
alpha. Further validation is needed for use in clinical
research aimed to evaluate symptoms of allergic dis-
eases in Japan.

In Japan, nearly 40% of the population is reported to
have allergic rhinitis.® Some patients do not regularly
consult a physician even though aware of their aller-
gic symptoms. We included such patients in cognitive
debriefing, and we did not observe any specific prob-
lems in answering the questionnaire. We believe our
results can be generalized not only to patients at clin-
ics but also to those with respiratory allergic symp-
toms who do not regularly consult a physician.

Using the Mapi approach to linguistic validation,
this study ensured a close match between the origi-
nal and Japanese ACS. The Japanese ACS is accessi-
ble and acceptable to persons with respiratory aller-
gic symptom in Japan.
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Rhinitis has an association with asthma in school children

Osamu Higuchi, M.D.,! Yuichi Adachi, M.D.,! Toshiko Itazawa, M.D.,} Yasunori Ito, M.D.,}
Koichi Yoshida, M.D.,> Yukihiro Ohya, M.D.,®> Hiroshi Odajima, M.D.,* Akira Akasawa, M.D.,2
and Toshio Miyawaki, M.D.!

ABSTRACT

Background: A relevant relationship exists between the upper and lower airway, indicating the concept of a unified airway. This study aimed to evaluate
whether rhinitis has an association with asthma in children.

Methods: A cross-sectional nationwide survey was performed among children 6-7, 13-14, and 16-17 years old, using the International Study of Asthma
and Allergies in Children (ISAAC) questionnaire in Japan. According to the responses to the ISAAC core questions, a child who had experienced nasal
symptoms in the past 12 months in the absence of a cold was defined as having current rhinitis.

Results: After excluding 11,475 children because of incomplete data, 136,506 children were analyzed. Even after adjusting for demographics, sex, and
obesity, children with current rhinitis were more likely to have asthma (adjusted odds ratio [OR], 3.10 [95% CI, 2.92-3.30] in children aged 67 years; OR,
3.76 [95% CI, 3.45-4.10] in children aged 13-14 years; and OR, 3.59 [95% CI, 3.33-3.88] in children aged 1617 years). Children whose daily activities
were more impaired by rhinitis symptoms had a significantly higher prevalence of severe asthma. The adjusted ORs for severe asthma among asthmatic children
whose daily activities were severely impaired by rhinitis symptoms were 3.66 (95% CI, 2.29-5.85) in children aged 6~7 years, 2.55 (95% CI, 1.64~3.96) in
children aged 13-14 years, and 1.87 (95% Cl, 1.24-2.82) in children aged 1617 years compared with asthmatic children whose daily activities were not
impaired at all.

Conclusion: There was a close association between rhinitis and asthma in young children to adolescents. Asthma should be examined in children with
rhinitis symptoms.

(Am ] Rhinol Allergy 27, e22-€25, 2013; doi: 10.2500/ajra.2013.27.3846)

A close association between allergic rhinitis and asthma has been

established.!? There are many similarities in the pathogenesis
of both disorders.> For example, Th2 cells and allergic inflammatory
cells, such as eosinophils and mast cells, infiltrate the nasal mucosa of
subjects with allergic rhinitis and the bronchial mucosa of subjects
with asthma. A nasal allergen challenge leads to the increased respon-
siveness of the lower airways in asthmatic subjects comorbid with
allergic rhinitis.® Similarly, bronchial allergen challenge leads to the
nasal inflammation in nonasthmatic allergic rhinitis patients.”

In adults, it has been shown that allergic rhinitis has a major impact
on asthma morbidity and that treatment of rhinitis helps to improve
asthma control. A post hoc analysis of data from a clinical trial showed
that the presence of comorbid allergic rhinitis in adult patients with
asthma resulted in a higher rate of asthma attacks and more emergency
department visits compared with patients with asthina alone.® A nation-
wide study of Japanese adults patients with asthma showed that >60%
of patients had thinitis and that asthma control was significantly im-
paired in patients with rhinitis compared with patients without rhinitis.”
It has also been reported that treating allergic rhinitis in patients with
comorbid asthma significantly lowered the risk of asthma-related emer-
gency department visits and hospitalizations.}® In children, a recent
cross-sectional survey in 203 children with asthma showed that the
presence of rhinitis was associated with poor asthma control.’? However,
there have been no large population-based surveys regarding association
between rhinitis and asthma in children.
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To evaluate whether rhinitis has an association with asthma in
children, we analyzed the data of a cross-sectional population-based
nationwide survey that was performed using the International Study
of Asthma and Allergies in Childhood (ISAAC) questionnaire. The
effect of the severity of rhinitis on the prevalence of asthma was also
evaluated.

METHODS

Study Population

This study was a cross-sectional and questionnaire-based survey
performed in 6- to 7-, 13- to 14-, and 16- to 17-year-old school children
in Japan from April through July 2008. To perform a nationwide
survey, schools were randomly selected from all of the prefectures.
The total number of children recruited was 179,218, corresponding to
~2% of the pediatric population, according to the data of the National
Institute of Population and Social Security Research. This study pro-
tocol was approved by the Institutional Review Board of the National
Center for Child Health and Development.

-Questionnaire

The survey used a Japanese version of the ISAAC questionnaire,'?
which was distributed among teachers of the participating schools.
The questionnaires for children 6-7 years old were completed by their
parents, and those for older children were answered by the children.
The questionnaire also included questions regarding the living area,
gender, height, and weight of the participants.

Current rhinitis was defined as a positive answer to the question,
“In the past 12 months, have you (or your child) had a problem with
sneezing, or a runny, or a blocked nose when you (or he/she) did not
have a cold or the flu?” The severity of rhinitis was graded according
to the answer to the question, “In the past 12 months, how much did
this nose problem interfere with your (or your child’s) daily activity”;
not at all, a little, a moderate amount, or a lot. Current asthma was
defined as answering positively to the question, “In the past 12
months, have you (or your child) had wheezing or whistling in the
chest during the past 12 months?” Among children with current
asthma, the severity of asthma was estimated with a combination of
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Elementary school Junior high school High school

children children children
n = 47,915 n = 63,359 n = 67,944
|| Not respond || Not respond .| Notrespond
n = 3,805 n = 13,461 n=12,488
Children enrolled Children enrolled Children enrolled
n=44,110 n = 49,898 n = 55,456
L lncompiete data || Incomplete data || Incomplete data
n=1,236 n=26,793 n = 3,446
For analysis For analysis For analysis
n=42._874 n =43,105 n=52,010

Figure 1. Participants in the cross-sectional and questionnaire-based survey.

three questions assessing the severity of asthma: “How many attacks
of wheeze have you (or your child) had during the last 12 months?
(none, 1 to 3, 4 to 12, or more than 12)”; “In the last 12 months, how
often, on average, has your (or your child’s) sleep been disturbed due
to wheezing? (never, less than one night per week, or one or more
nights per week)”; and “In the last 12 months, has wheezing been
severe enough to limit your (or your child’s) speech to only one or
two words at a time between breaths?” Current severe asthma was
defined as four or more asthma attacks, when sleep was disturbed for
one or more nights per week, or when there had been an episode of
speech limitation in the past 12 months.

Statistical Analyses

They*-test was used to compare the differences in the prevalence of
current symptoms between groups. A logistic regression analysis was per-
formed to estimate the effects of rhinitis and other confounding factors, such
as living area, gender, and obesity, on asthma prevalence. Multivariate
analysis was used to evaluate the association of degree of impairment of
daily activities caused by nasal symptoms with prevalence of current
asthma and current severe asthma. A value of p < 0.05 was considered to be
statistically significant. All of the analyses were performed using the statis-
tical package SPSS for Windows, Version 17.0] (SPSS, Inc., Chicago, IL) and
R Version 2.13.1 (available online).

RESULTS

Of the 179,218 children, 149,464 replied to the questionnaire (re-
sponse rate, 92.1% in children aged 6-7 years; 78.8% in children aged
1314 years; 81.6% in children aged 16-17 years). After excluding
incomplete data, 139,506 questionnaires were analyzed (Fig. 1). Cur-
rent rhinitis was found in 44.2-60.1% of the children (Table 1). In
children aged 6-7 years, the prevalence of current rhinitis was lower
and the prevalence of current asthma was higher than in older chil-
dren. Significantly more boys had current rhinitis and asthma com-
pared with girls in children aged 6-7 years, whereas these gender
differences were not statistically significant in older age groups.

There was a higher incidence of asthma in children with current
rhinitis compared with children without rhinitis (20.8% versus 7.7% in
children aged 6-7 years, 13.5% versus 4.0% in children aged 13-14 years,
12.4% versus 3.8% in children aged 16-17 years; Table 2). Even after
adjusting for living area, gender, and obesity, which are known to have
effects on the prevalence of asthma,® rhinitis was still associated with
asthma (adjusted odds ratio [OR], 3.10 [95% CI, 2.92-3.30] in children
aged 6-7 years; OR, 3.76 [95% CI, 3.45-4.10] in children aged 13-14 years;
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and OR, 3.59 [95% CI, 3.33-3.88] in children aged 16-17 years). Among
asthmatic children, severe asthma was also more prevalent in children with
current rhinitis than in children with no rhinitis (10.9% versus 6.1% in
children aged 6-7 years, 15.6% versus 9.5% in children aged 13-14 years,
15.0% versus 10.1% in children aged 16-17 years; Table 2). Again, even after
adjusting for confounding factors, having rhinitis was still a significant risk
factor for having severe asthma (adjusted OR, 1.94 [95% CI, 1.55-2.44] in
children aged 6-7 years; OR, 1.70 [95% C1, 1.29-2.24] in children aged 13-14
years; and OR, 1.54 [95% CI, 1.22-195] in children aged 16-17 years).
More than 80% of the children with current rhinitis answered that
their daily activity was impaired by rhinitis symptoms (data not
shown). Children whose daily activities were more impaired by rhi-
nitis symptoms had a significantly higher prevalence of current
asthma even after adjusting for confounding factors (Table 3). The
adjusted ORs for asthma among children whose daily activities were
impaired a lot were 1.75 (95% CI, 1.50-2.04) in children aged 6-7
years, 2.54 (95% CI, 2.20-2.94) in children aged 13-14 years, and 2.21 (95%
(I, 1.91) in children aged 16-17 years compared with children whose daily
activities were not impaired at all. Furthermore, among asthmatic children,
a higher degree of impairment of daily activities caused by rhinitis symp-
toms was associated with increased severity of asthma after adjusting for
confounding factors (Table 3). The adjusted ORs for severe asthma among
asthmatic children whose daily activities were impaired a lot were 3.66 (95%
(J, 2.29-5.85) in children aged 67 years, 2.55 (95% CI, 1.64-3.96) in children
aged 13-14 years, and 1.87 (95% (I, 1.24-2.82) in children aged 16~17 years
compared with children whose daily activities were not impaired at all.

DISCUSSION

Many studies have indicated that allergic rhinitis and asthma are
common comorbidities in children.’*6 However, only a few epide-
miological population-based surveys have evaluated this association
in young children to adolescents. In this large population-based na-
tionwide survey evaluating >100,000 children aged 6-7, 13-14, and
16-17 years, we reconfirmed a close association between rhinitis and
asthma in Japanese school children. Even after adjusting for con-
founding factors affecting the prevalence of asthma, having rhinitis
was a significant risk factor for having current asthma and severe
asthma. Furthermore, among asthmatic children, a greater degree of
impairment of daily activities caused by rhinitis symptoms was as-
sociated with higher prevalence of severe asthma.

Asthma and allergic rhinitis have similar pathophysiological man-
ifestations; therefore, they are considered to be a single syndrome:
chronic allergic respiratory syndrome.34 Supporting this concept, the
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Table 1 Baseline characteristics of the study participants

Total Boys Girls p Value*

Children aged 6-7 yr 42,874 21,861 21,013

Current rhinitis 18,930 (44.2) 10,592 (48.5) 8338 (39.7) <0.001

Current asthma 5798 (13.5) 3435 (15.7) © 2363 (11.2) <0.001

Current severe asthma 542 (1.3) 332(1.5) 210 (1.0) <0.001
Children aged 13-14 yr 43,105 21,080 22,025

Current rhinitis 25,891 (60.1) 12,668 (60.1) 13,223 (60.0) 0.906

Current asthma 4195 (9.7) 2098 (10.0) 2097 (9.5) 0.135

Current severe asthma 613 (1.4) 297 (1.4) 316 (1.4) 0.839
Children aged 16-17 yr 52,010 26,815 25,195

Current rhinitis 27,148 (52.2) 14,222 (53.0) 12,926 (51.3) <0.001

Current asthma 4311 (8.3) 2264 (8.4) 2047 (8.1) 0.192

Current severe asthma 598 (1.1) 307 (1.1) 291 (1.2) 0.935

Data represent number (percentage).
*Y*-analysis for evaluating gender differences.

Table 2 Association of current rhinitis with asthma

All Children

Children with Current Asthma

Prevalence of Asthma (%) AOR*

95% CI Prevalence of Severe Asthma (%) AOR* 95% CI

Children aged 6-7 yr

No rhinitis# 7.7 1

Current rhinitis 20.8 3.10
Children aged 13-14 yr

No rhinitis# 4.0 1

Current rhinitis 135 3.76
Children aged 16-17 yr

No rhinitis# 3.8 1

Current rhinitis 12.4 3.59

6.1 1

2.92-3.30 10.9 1.94 1.55-2.44
9.5 1

3.45-4.10 15.6 1.70 1.29-2.24
10.1 1

3.33-3.88 15.0 1.54 1.22-1.95

*Adjusted for living area, sex, and obesity.
#Reference group in regression.
AOR = adjusted odds ratio.

Table 3 Association of the impairment of daily activities due to rhinitis symptoms with asthma

Children with Current Rhinitis

Children with Current Rhinitis and Asthma

Prevalence of Asthma (%) AOR*

95% CI Prevalence of Severe Asthma (%) AOR* 95% CI

Children aged 6-7 yr :
Not at all# 17.2 1
A little 20.2 1.23
Moderate 22.8 1.44
A lot 26.7 1.75
Children aged 13-14 yr
Not at all# 8.4 1
A little 12.4 1.57
Moderate 15.0 1.96
A lot 18.5 2.54
Children aged 16-17 yr
Not at all# 8.4 1
A little 11.2 1.41
Moderate 13.3 1.70
A lot 16.5 221

57 1
1.10-1.37 10.0 1.73 1.13-2.65
1.27-1.64 12.3 2.31 1.48-3.60
1.50-2.04 18.0 3.66 2.29-5.85
9.4 1
1.37-1.80 13.2 147 0.95-2.27
1.71-2.26 16.4 1.88 1.21-2.91
2.20-2.94 21.1 2.55 1.64-3.96
12.8 1
1.23-1.62 12.8 1.10 0.73-1.65
1.48-1.96 14.4 1.26 0.84-1.91
1.91-2.60 19.8 1.87 1.24-2.82

*Adjusted for living area, sex, and obesity.
#Reference group in regression.
AOR = adjusted odds ratio.

degree of nasal -eosinophil infiltration is inversely correlated with
spirometry parameters and bronchial hyperreactivity in allergic rhi-
nitis patients without asthma.!? In this study, a child who had expe-
rienced nasal symptoms in the past 12 months in the absence of a cold
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was defined as having current rhinitis. It has been reported that
rhinitis with itchy-watery eyes (rhinoconjunctivitis) is the symptom
combination most closely relating to objective indicators of allergic
sensitization in European children.!8° Therefore, some children with
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current rhinitis might be nonallergic, although we did not evaluate
allergic sensitization. Recently, it has been shown that asthma is
associated with not only allergic rhinitis, but also nonallergic rhini-
tis.20 A birth cohort study conducted in Denmark showed that asthma
coexisted equally in 7-year-old children with allergic and nonallergic
rhinitis.?! In the same cohort, Chawes et al. indicated that in 6-year-old
children, there was an association between upper and lower airway
patency, which was measured with acoustic rhinometry and spirom-
etry, respectively, and that this association was independent of aller-
gic sensitization.? It has been suggested that neuronal mechanisms, T
cells, and innate immunity may play a role in nonallergic rhinitis and
contribute to asthma symptoms.2® Additional studies will be needed
to understand the mechanisms of a link between the upper and lower
airway beyond allergy-driven mechanisms.

In >80% of children with rhinitis, their daily activities were im-
paired. Children whose daily activities were more impaired by nasal
symptoms had a significantly higher prevalence of current asthma in
children with rhinitis. Furthermore, among asthmatic children, a
higher degree of impairment of daily activities because of rhinitis
symptoms was associated with increased severity of asthma. Consis-
tent with our data, a cross-sectional study of 3225 patients with
allergic rhinitis aged 10-50 years revealed that the severity of allergic
rhinitis influenced the development of asthma.?? The treatment of
allergic rhinitis helps to improve the control of asthma. A nested
case-control study of patients with both allergic rhinitis and asthma
aged =6 years old revealed that treatment with either nasal cortico-
steroids or oral antihistamines was associated with a significant re-
duction in the risk of asthma-related emergency room visits and
hospitalizations.?* These results suggest that rhinitis should be exam-
ined in patients with asthma and that rhinitis could be a marker of the
poor control of asthma.

One of the limitations of our study is that the cross-sectional study
does not allow for the determination of whether rhinitis precedes the
development of asthma or vice versa. A prospective cohort study in
which 1314 healthy children had been followed from birth to 13 years old
showed that allergic rhinitis until the age of 5 years was a predictor for
developing wheezing between the ages of 5 and 13 years old, but
nonallergic rhinitis was not a risk factor for future wheezing onset.?
Additional studies will be needed to evaluate the role of atopy in the
development of asthma in children with rhinitis. Another limitation of
this study was that we failed to account for several important confound-
ing factors, such as parental tobacco smoking, socioeconomic status,
medications for rhinitis and asthma, and atopic status. These factors
might affect the association between rhinitis and asthma. Additional
limitation is that self-reported questionnaires have a tendency toward
overdiagnosis, although the ISAAC questionnaire has been widely used
in many epidemiological studies. This might explain rather higher prev-
alence of asthma and rhinitis in our population.

In conclusion, there was a close association between rhinitis and
asthma in young children to adolescents. As recommended by the
Allergic Rhinitis and its Impact on Asthma,? asthma should be ex-
amined in children with rhinitis symptoms. Additional studies will be
needed to understand the mechanisms underlying the association
between the upper and lower airway.
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