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Abstract

Background: The Great East Japan Earthquake occurred on March 11, 2011 Tekve and Osake, which are located 373 km and
750 km, respectively, [rom the epicenter, experignced tremors of 5.0 Jower and 3.0 seismic intensity on the Japan hMeteorologcal
Agency seale, The Great East Japan Earthquake was the fourth largest earthquake n the world and was accompanied by a
radioactive leak at a nuclear power plant and a tsunami. In the aftermath of & dizaster, some atfected indviduals presented to
mental health facilities with acute stress disorder (ASD) andfor post-traumatic stress disorder (PT3D). However, few studies have
addressed mental stress preblems ether than ASD or PTSD among the peneral public immediatedy after a disaster Further, the
effects of such a disaster on residents Iving st considerable distances from the most severely affected area have not been examined

Ohjectiver  This study aimed to prospectively analyse the effect of a major sarthquake on the prevalence of insomma among
resrdents of Tokyo and Osaka

Methods: A prospective cnline questionhaire study was condueted in Tokyo and Osake from Jansary 20 to Apeil 30, 2011, An
Internet-based questionnaire, mtended to be completed daily for a pereed of 107 days, was used to collect the data. All of the
stady parficipants ived in Tokyo or Csaka and were Consumers " Co-operztire Union (CO-OF) members who used an Internet-hased
food-ordering svstem, The presence or absence of insomma was determined before and afier the earthguake. These data were
com pared after stratification for the region and participants” age. Multivaniate analvses were conducted using logistic regression
and 8 generalized estimating equation. This study was conducted with the assistance of the Japanese CO-0OF

Results:  The prevalence of insomnia among adults and mmors in Tokvo and adults in Gsaka increased significantly after the
earthquake. Mo such incresse was observed among minors m Osaka The overall adjusted odds raties for the risk of msomnia
post-carthquake versus pre-carthquake were | 908 (95% CT 1,571-2.542) for Tokyo, 1.558 (95% CT 1 106-2.196) for Osaka,
and 1842 (95% C1,1.514-2.242) for hoth areas combined

Conclusions: The prevaléncs of msomma ncreased even oo regions that were at 8 considerable distance rom the epicenter
Both adults and minors i Tokye, where the seismic intensily was greater, experienced stress after the earthoquake. [n Osaka,
where the carthquake impact was milder, disturbing video images may have exacerbated msomma among adults.

iinteract J Med Res 2003:2(1)ce2) doi: 10 21960 2485

REYWORDS
inscannia, Web-based survey, population surveillance, disaster; nuclear accidents, earthguakes
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Introdluction

On March 11, 2011, the Japanese slands susained a
& O-magmiude carthquake. Unfike previcus major carthgquakes
i Japan [1,2], this earthouake was followed by a tsunami that
devastated the affected areas [ 3], More than 20,000 inday iduals
were recorded as dead or missing. The tsunami also caused
extensive damage to the Fubiushima Daiich nuclear power plant,
resulting i a level ¥ nuclear accident [4.5]. This induced
considerable amaety among residents lving near the nuclear
povwer plant and among people Living as far away as the Tokvo
metropolitan area [6], Images of the tsunami &nd scenes of the
nuclear accident werne shown repeatediy on television and the
Interneat

In the aftermath of a disaster, people may experience nol only
physical diserders but also acute stress disorder (ASE), which
can persist for up to 4 weeks. Furthemmore, chronic
post-traumatic stress disorder (FTSD) 138 common among

Table 1. Number of participants according fo gex amd age group,

Sugiurs et 4l

indwviduals who have [aced such situations (7] Studies of
disaster-related mental disorders tepically mclude anassessment
of the prevalence of FTS0, follow-up of patients dizgnosed
with ASD | 8], and a comparizon of the numbers of new and
previous cases of FTSD in a gpiven aren. However, because these
studies are usually planned after s disaster, pre-disaster
prevalence must be determined retrospectively. A recollection
of previcus wsomnin 15 likely to be less accurate than the
prospective reporting of current symptoms of msomnia,
especially during the traumatic aftermath of a disaster,

The current study made use of a daily health survey that was
administered o 3128 participants in Tokyo and 1923 participants
in Csaka (Table 1) from Jamsary 20 to April 30, 2011 One
question on the survey specifically asked about the presence or
ahsznce of iInsomnia. Because the Great East Japan Earthquake
ocoumed during the course of this survey, this was ¢ rare
oppartunity o prospectively assess the impact of an earthquake
on the prevalence of insomnia among residents of Tokva and
Oizaka

Tokya Cienka

N (male/femaleh M (mabetemake)
Adults =20 years of spe) B3 {00 1074} L182 (5ea/alE)
Winors (<20 vears of nge) 1055 {575/4800 T3 EHTIATN

Methods

Study Period and Locations

This susvey began an Tanuary 20, 2011 and contersued tor 101
days until April 33, 2011 The questionnare collected data
ralated to the individual's health status on the day of the survey,
and participants were instructad to complete the survey eveny
day for the duration of the study period. The survey was
conducted via an Internet-hased questionnaire among residents
of the Tokwoe metropolitan area and Osaka, the larpest city i
western Japan. Tokyo s located approxamately 375 km from
the epicenter of the earthquake (N 38°06° E 142°31% and
gpprocimately 200 km from the Fukushima Daiichi nuckear
power plant (N 37942 E 1419037 The seismic intensity of the
main shack in the center of Tokyo, as recorded b the Japan
Meteoralogical Agency (JhiA), was 3.0 Lower on the IMA

Bttt wrww e g 201 31 /621

XSL-FO

RenderX

seale [9] The IVIA scale s comprised of 5 phases from 1to 5.
Grrades 5 and 6 are further classified mio 2 subcategories: upper
and lower. During an earthguake with an intensity of 5.0 Lower.
people may find it difficult to move arcund. but majer
destruction is generally not expected. In contrast, many pecple
find ot hard to move during earthquakes with an intensity of 5.0
Upper [9]. Shinpuku Ward, where the offices of the Tokyvo
Metropalitan Government are located, was subsequently bt by
10 aftershocks that continued until Apeil 16, 2011, The seismic
intensity of the aftershocks was =30, strong enough to be felt
by most people inside buldings [%] Cwsaka, the other area
investigated in the survey, 1s situated 750 km from the epicenter
of the earthquake. The seismic intensity of the mam shock was
recorded as 3.0 n the offices of the Osaka Prelectursl
Government, Osaka did not receive any aftershocks with a
sesmic intensity =30 (Figure 1.

Imteract F Med Bes 20013 | vol. 2 |iss 1| e2 | p.2
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Fiure 1. kinp of the locabeons celavant to thiz gudy

FPurlicipanls

‘Thiz study was conducted with the sesistance of the Japancsc
Comsumers " C oeoperalree Tnmon (CC0=-0P L All respondenls wlo
completed the questionnadire lived i Toloyve or Osaka and resided
in henzehalds that inchided OO-0P members who placed fond
orders via the CO-0F website,

Survev Method

Thiz study was conducted wilh the approval of the BEthics
Committes of Wara Medical Tniversay (authorization code:
2200, The senerad healih condition of (he particpamt s, including
their alecping pamerns, was ivestigated nzing an Internet-based
questionnaire. The orginal aima of thiz surees were to determine
the impact of biolosical fectare, such 2= mfectious dizeazes, and

abiodic factors, such as climate, on the physical condilion of

residents during the study period, The survey method and data
processing imethods svere described i detadl in our previous
sk [10].

Repistration hMethod

R espondents were recrited throngh abanner advertizement on
the CO-0P: website, Each participant was rewsrded wath 500
ven (US 51=21.15 ven on the lmst dav of the survev] upaoa
registration for participaring in the auvey. Mo remunerarion, in
the form of cazh, was given for providing answers oo @ dally
hazis.

bt tptfownai-jor o 202 5 w2t

|
1 \J

Nt

RenderX

Suginra ct al

Daily Survey Medhod

The ceigual research plan was o somd & renander el Lo all
the respondentz on cach day of the =urvey thet would direct
them Lo the websile where they could provide their responses
The email was distriboted as planned until das 50 of the survey,
The CGireat Fast Jepan Earthquake ocourred on day 51 of the
survey. The reminder emals were dizcontimued, as il owies
decided that the participantz. who were recovering from  the
dismster, should ool be burdened. Turller responses: were lell
o the paricipants” discretion during ahiates period from arch
14 to April 5. 2001, when the reminders were reinaituted. After
the eadhguake, respondents weee able to submit descripiions
of leeir physical condition by voluntarily wiziliog the websile

The daily survey procedure was designed fo be soople. Alier
confiming the everyday health condition of the family
participants wore adood to access the ;urves webeite and answer
several questions. The ficl question asked whelher any Ganily
tonember wag @ poor health, T the partisipant answered “no”.
rhey were exchided from the sarvey. T che parmicipant ansowered
“yves”, they were pzhed to answer additional “yes” or “no”
ruestions on 1% symproms; these gquestions pertained to de
indrvidual fllms out the questionnare a= well as each momber
of his orher Lanily [ 10). The presence or abseiee of insotnia
was progpectively invesrigated for 30 days before and 51 days
after the Great Hast Japan Harthemake (inclnding the day of the
earthomake b,
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Statistical Analysis

In both surveyed areas, the prevalence of insommia was
calcukated on a daily basis (the number of people reporting
symptoms of msomnis diveded by the number of resporses per
day) among people aped <20 vears and those aged =20 vears
Using & chi-square test, the presence or absence of msamnia
before ond after the earthguake was investigated for any
commelation with region or participant age. A multivariate
snalysis was camed out usmg logistic regression analysis and
# peneralized estimating equation. The presence or absence of
insom niz wis the dependent variable. The independent varmbles
included msomnia occwrring afler the earthguake, sex age
region of each participant, the status of reminder emails (semt
or not), and the incidence of pollinosis which plagued
approxineately 30% of adults in those urban areas during the
spring [11] The statistical analvses were camied out using 5PS5
version 19.0 (TBM, Chicago_ 1L, TSA),

Results

Response Hate

The mean (S0} daily response rate during the period when
reminder emails were sent was 64, 1™ (5 T8%) for Tokyo and
68.31% (5.18%) for Osakn The response rate did not decline
significantly over the course of the study. The response rate
dunng the period when no reminder emails were sent (March
14 to April 5, 20011) was 24.47% (12.597%) for Tokvo and
27 82% (13.55%) for Osaka,

Tahble 2 f.']li-m‘g‘l.l:id B nri:‘d._',-':ds a:tl:lll.ﬁ:llg 1o s dnid HINER
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Daily Prevalence of Insomnia

Figures 2 and 3 1llustrate the daly prevalence of insomnia in
Tokya and Osaka, respectively, according to age. The figures
alse ndicate the dates of the main earthquake and the
aftershocks with seismic mtensity = 3.0 Before the earthquake,
the average daily prevalence of insomnia in Tokyvo was 1.05%
(0.18%) for adults (age =230 vears) and 0.33% (0.22%) for
mirrs (age <20 years); after the earthoguake, this value increased
o 2.35% (0.a5% [or adults and 1 90Pa (1.1 7% for muinors. The
maximum seismic intensity of the main earthguake was 5.0
Lowrer in Takyo (Figure 2.

Before the earthquake. the sverage daily prevalence of imsomnia
in Osaka was 1.25% (0.25%) for adults and 0.052% ((.14%0)
for minors, after the earthguake, this value increased to 1.83%
(0.51%) for adulis bat remained spproximately the same at
0.089% (01Ta) for minors. The masximum ssisnie inlensily
of the mam eartheuake was 3.0 m Osaka (Figure 31

A chi-square test was conducted 1o analyvze the data according
to region and age group. There wes a sigruficant increase in the
numhber Tokyo residents who reported symptoms of insomnia
after the ecarthquake (P=001 for hoth adults and mmars)
cotmpared with that before the earthquake. The same findings
were reported for adults in Osaka after the earthquake (F=.(01)

Mo sigmificant difference was ohserved among minors in Osaka
(Tabie 27 We conducted & simalar chi-square test that exchided
the period during which no reminder emails were sent and
similar resulls were obiained

Region Chi-gquare value  Degrees of ffee- P Cidds ratio Qe CL
donn
Tokyo Adaliz 24663 I =.001 2107 L.al6-2317
Minors 12232 I =001 2T63 13013519
(rsukn Adkilrs B I =001 1.43% 1.273-1 623
MMinors 0087 | T L5 0.595-2020
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Fiaure 2. Provalencg of ezormnis o Tokoyro The proralence ¢f insomnds ncreased abar the qarthguaios Sor b oth adults and mincrs i Tokoyo,
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Fiure 3. Prevalenze of Dzonme in Qaaka, Toe sravelaice of nsomnis among adulks nereosed sfte the earfiquales, Thi prevalinee of insomgce
AMMaag ez refnaned approiimatey e mme as it befere fe aantbquaze
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A Usaka Sesrur snensay seale 3

=
[

_ ' 1.571-2. 542, 7001 for Tokyo, 1.555 (5% C1 1.106-2.196,
?nalysi_s of Factors Assoclated with the Prevalence ol . ) 1y o ‘0anka, and 1.842 (95% CI1.514-2.242. P01}
TROIMINEA

Lor e 2 arews combmed. Table 3 presents he [aclons malveed
Mulbveriate analveiz was conducted to determine the oddsrefiog— in this stody and their associations with the prevalence of

Lor imsommoa ¢ Table 33 The adjusted odds ralios lor imesomnia  insomnin
after versuz before the earthqualee were 1,998 (93" CT
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Table 3. Multivarinte analysse of factore associated with the prevalence of insommnia,

Cilels rabia b 58, ]
Predictor for sleeplesnes ™
Fost-zarthquake v pre-earthquale 1842 =001 15142242
e =20 vears ve aze <20 years 1245 oxT 10851 605
Female vs male 1510 e 0.812-1.501
Prasence we absence of pollinesis 233 R 1.437-3.791
Tokyo ve, Oimikn 1404 A8T 0.848-2 323
Mo reminder enmil ve reminder enatl 1.303 0is L0501 617
Predictor of sheeprlessness
Tokyn
Post-emthgoake v pre-ewthygske (B i [i] | 1.571-2.242
Age =20 vears ve age <20 vears 1.378 421 06313010
Female ve nmale 1670 003 0.90-3 087
Presence ve absence of pollinons 437 00 13174509
Mo reminder email vz reminder email 1435 4 I.1Z21-1.838
(aka
Post-carthiguake vz pre-carthoquake 1,558 ol 1.106-2 156
Age 220 vears ve age <20 years 13,987 <00k B 40830550
Female vs male 1285 554 0.554-2 983
Presence ve absence of pollinogis e 1 a7 1.012-4.751
Mo rermnder emanl v rermincler sl 1.00% BE3 06551 535

* valnes aretotal counts from Tokyo and Osaka

Discussion

Orwverall

This study examined the prevalence of msomma among
residents in oareas that were at ditferent distances fFom the
epicenter of the Great East Japan Earthquake. This is a unigue
study in that it analyzes the effect of a great carthquake on the
rates of insommia and meludes o pre-event baseline in the same
aroup.

Great East Japan Earthgquake and Its Impact

Mapor earthouakes have been common  throughout the
Asig-Pacific region over the past 2 decades [ 12, 13], with more
rngjor earthquakes coournng inJapan than in any other county,
In recent decades, 4 particularly large earthoquakes have hit
Japan, including the Great Hanshin Earthguake of 19935, which
hit the Osaka region [1,2.14,15] The Great East Japan
Earthoueake was the fourth largest earthgquake in the world and
was accompanted by 2 major evénts that could have oecurred
only i a modern society. First, the earthquake caused a
radioactive leak at a nuelear power plant, Second, video images
of the ensuing tsunami were recorded, and the [ootape was
shown repeatedly on felevision; they were alse svailable on the
Internet. These images had a profound psycholomeal mpact
on viewers. [n the aftermath of a disester, affected individuals
may present to mental health facilities wath ASD and'or PTSD
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[16=1%] Hewever, few stuches have addressed mental stross
problems other than ASD or PTSD among the peneral public
mmedately after a disaster. Although ASD and FTED tend to
draw greater research attention in stodies related to a major
disaster, the effects of such o dissster on residents living at
comsiderable distances from the most severely affectad area
have not been examined. This study revealed an increase in the
prevalence of imsomnia among the peneral public immedaately
after the occurrence of a major earthquake. To our knowledge,
thiz is the first study conducted n Japan that presents
longatudingl data onthe persistence of insomnua in 2 ape groups.

Daily Prevalence of Insomnia in Tokyo and Osaka

The daily prevalence of insommnia increased among both adults
and minars in Tokyo after the Great East fapan Earthguake
Although the daily prevalence of mnsomnia incressed among
adults in Osaka, a similar nerease was not ohserved among
minars. The adjusted odds ratios [or insomnia afler versus belore
the earthquake were 1.998 (95% CT 1.571-2.542) for Tokvo,
1.558 (958% CI 1.106-21%) for Osaka, and 1,842 (95% ]
1.514-2242% for the 2 aress combined. These results
demonstrate an mereased prevalence of insomma among
residents i regions lecated at conswderable distances from the
mmedate zone of the disaster. In Tokyo, where there was no
observable infrastructure damage due to the tsunam, 7 pecple
died as a result of the imtial tremor Tn addition, many people
in Tokvo experienced considerable pavchalopical stran for a
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profonged period. Muany commuters were stranded because of
interrupted ransportation services, and there was a hogh risk of
radicactive contamination associated with the nuelesr accident
The increased prevalence of insomma among minoes n Tokyo,
wha are zenerally less susceptible to stress induced by indivect
sourees such as media coverage, mav be attnbutahle to the
effects of the attershocks. Tn contrast, the seismic intensity of
the main shock in Czake was 3.0, therefore, direct feelings of
fear were likelv to be less common, and there was an absence
of palpable aftershocks. The prevalence of inscmmnin among
minors i Osaka tollowing the earthquake was not increasad,
which can he explaned by the residents” exposure Lo fewer
direct and local effects. However, an increased number of aduls
in Ozaka reported insemmia. This may have stemmed from
exposure o information reported by the media. Other possible
causes of nsomnia among these aduls include anxiety ahos
their future and memories of the dsaster caused by the Great
Hanshin Earthouake of 1995,

Ouestionnaire Survey and Its Advantages

A Web-based questiormaire survey was used in the current study
because mone dats are acquired  with  Intermet-based
epidemiological survevs than with conventional, paper-based
supveys [20.21]. This method was effective in targeting general
residents and enabling the acquisition of information from
people with medical complaints deemed very mild to warrarn
g visit toa medical facility. In addition. this survey method was
successful hecause the participants were required o respond
enly to simple questions regarding the presence or absence of
symptoms, thus, the mput borden was low  Althowgh a
mets-analysis of 68 studies [22] indicated that the normal
response rate to Internet-based surveys is low (39.6%). the dahy
responge rate for this study durmg the penod when reminder
emails were sant was 64.1 7% (5.78%) for Tokvo and 68.31%
{5.18%) for Osaka. The survey questions were net spectfically
designed to detect post-chsaster psychological conditions, and
insonia was only [ of several conditions mvestipated.
Participants’ responses were limited to the presence or absence
of insomnia, and there was no attempt to determine the severity

Sugiurs et 4l

of the condition. Because insomnia was investigated as only |
af several conditions, participants were unawere that their
responses would be used ina study on post-disaster siress, oven
alter the earthguake struck. It is possible, therelore, that the
participants were less inclined to answer “ves™ to the question
ghout any experience of msomnia symptoms, This possibality
15 suppodted by the fact that the average daiy prevalence of
insomnia among adults before the earthquake was 1.1% in
Tokyo and 1.3% in Oaaka; these rates are lower than the values
repored by an earlier survey on the prevalence of msomnia
among Japarese adults [23],

Limitations

Irmmediately after the earthouake struck, an ethical decision was
made to refrmn from sending remmder emails. Therefore, the
response rate was low during this period. However, no
sigmificant difference in the daily prevalence of msomma
carrelated with the uge of these reminder emails in either Tokyo
or O=aka, The chi-square test results were similar hetween
analysis including and excluding this tme penod. Although the
retinder emails wete meluded in the bogistic repression analysis
as an mdependent variable, the presence or absence of the
reminder emails inevitably remains a lmitation of thes study
and a potential source of bias. However, we believe that this
factor had a neghigible effect on the results

Conclusions

This study examined the prevslence of nsomnia among
residents in areas distant from the epicenter of the Great East
Japan Harthquake In Tokye, where the szismic imensity was
higher, both sdults and miners experienced increased rates of
insomima as 4 direct result of the earthquake and its aftershocks
Further, mental stress induced by information broadeast by the
media may have miluenced the prevalence of insomnia. In
Osaka, where the smsmic intensity was lower, only adults
exhibited an mnerezsed prevalence of insommiz, Heslth care
practitioners should be aware that individuals might experience
mental stress, meluding insomnia, even in arcas distant from
those that are directly affected by a natural disaster
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Internet survey of the influence of environmental factors on human
health: environmental epidemiologic investigation using the web-hased
daily questionnaire for health
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With increasing Internet coverase, the use of a web-based =urvey for
epidemiological stuly is a possibility, We performed an investigation in Japan
in winter 2008 nsing the wab-based daily gquestionnaire for health (WDOQH). The
WIDOH i a web-based questionnaire survev formulated to obiain information
about the dailv physical condition of the general public on a real-time basis, in
order to study correlations between chanpes in physical health and changes in
environmenial factors, Respondenis were asked whether they (el il and had
specific symptoms including fever. We analysed the environmental factors along
with the health conditions obtained from the WDOQH. Four factors weare fownd to
influence health: minimim temperature, hours of sualight, median humidity and
weekday or holiday. The WDOH allowed a daily health survey in the gemeral
population in real time via the Internef.

Reywonds: web-based survey; eavironmental factor; minimimm  temperabine;
general population

Background

With the rapid progression of Internet technology, a web-based epidemiological
survey was developed and implemented for use with the general public (Ekman and
Litton 2007). This allowed epidemiological studies to be conducted at lower cost,
with greater speed and with higher data precision compared with paper-based or
face-to-face surveys on a similar scale (Bennett et al. 2007; Ekman and Litton 2007).
Although early web-based survevs were found 1o be problematic because of
population bias, this has been mitigated with the marked increase in the proportion
of the population using the Internet (Ekman et al. 2006).

Web-based eptdemiolopeal studies came to be mplemented lor cross-sectional
studies as well as for follow-up investizations {Bennett et al. 2007). To date, web-
based follow-up surveys have been conducted with patients with specific diseases, but
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"Present address: Kawasaki City Institmte for Public Health, 5-13-10 Oshima, Kawasaki-ku,
Kawasaki city, Kanagawa, 210-08 34, Japan,
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not with the general public, Specifically, no studies have been conducted to
investigate the correlations between daily environmental changes and the daily
physical condition of members of the general public, There is currently concern over
human health with regard to air pollution (TTuang et al. 2009} and global warming
iMcMichael et al. 2006). Accordingly, it would be useful to be able to determine the
influence of environmenial [actors on the health of the general population on a daily
basis, Therelore, we developed a follow-up survey system using the Internet to
guestion citizens directly on a daily basis. We named this suivey the web-hased daily
questionnaire for health (WIHNQH).

We then studied the correlations between changes in the daily physical condition
of the subjects and changes in environmental factors that are considered to have an
influence on health (minimum temperature, hours of sunlight, median humidity,

weekday or holiday) using the WDOQH.

Methods
Survey method

The WDOH is a prospective survey system designed to conduct a divect health-
related guestionnaire survey of individuals every day for a certain period to collect
and analyse information on a real-time basis, The WIIQH has already been put into
operation in part, and its uselfulness has been established (Sugiora et al. 2000,

Participants

Partwcipants were persons already registered with an existing internet survey
company, who noticed the reguest to participate in the guestionnaire survey on
the company website, and voluntarily decided 10 participate. They undersiood the
purpose of the survev, and that it also included information on their families. In this
survey, the residential area of the participants was limited to Izumo, a regional city in
Japan. We only included those who understood the details of our request and agreed
to cooperate m the survey, The population of Izumo is approximately 150,000, with
approximately 50,000 households, The study included 702 subjects {333 males,
369 females; mean age 37.4 vears: range 16 72 wears) from 181 households. We
collected information describing the swrvey participants including their residential
district, age, gender, occupation, marital status, number of children and annual income.
The survey was performed for 78 dayvs from January 10, 2008 to March 28, 2008,

Questionnaire

The survey required participants to answer questions regarding suhjective symptoms
every day. The internet survey company sent a reminder email to each suhject daily
requesting completion of the questionnaire survey., The subject opened the email,
accessed his'her personal password and then answered the questionnaire about
himselfherself and his'her family, Respondents were asked whether they felt ill. If
nol, they closed the survey on that dav. Those who answered in the affirmative were
then asked detailed questions about whether they had any of the following
symptoms: fever, coughing, diarrhoea, vomiting, rash, convulsion and others.
Remuneration {approximately 60 ven/answer: USE 0.75; USS1.0H = 80 yen at the

time of writing) was given to the registered monitors. The survey was repeated every
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day over the study period, We analysed and studied the correlations betwean changes
in the daily phyvsical condition of the participants and changes in environmental
factors,

Environmenial factors

Data deseribing the following 12 envirommnental factors are monitored and published
by The Japan Meteorological Agency: mean temperature, maximmm temperature,
minimum temperature, hours of sunfight, doud cover (the percentage or fraction of
the sky obscured by clouds represented by an 11-point scale), median humidity,
atmospheric pressure, vapour pressure, precipitation, wind direction, wind speed and
weekday or holiday, Data describing these environmental factors in the survey area
were collected. Mondavs to Fridavs were considered weekdays, while Saturdays,
Sundavs and public holidavs were considered to be holidays.

In addition, three individual factors (sex, age and annual income) were inchided.

The 15 variables were first subjected to principal component analysis. As a result,
five principal components were wdentified. The first component was temperature; the
second component was hours of sunlight; the third components were sex and age; the
fourth component was wind direction; and the ffth component was median
humidity.

Then, the correlation coelfficients of all 15 variables were examined. Eight
variables {sex, age, annual income, median humidity, precipitation, wind direction,
wind speed and weekday or holiday) were included because of no correlations
between them. Cloud cover, vapour pressure and atmospheric pressure, which were
not extracted as main components and showed strong correlations {(correlation
coeflicient =0.3), were excluded from the variables. Mean temperature was strongly
correlated with maximum temperature (r = 0L924) and minimum temperature
{r = (0L722). Hence, a single variable could be selected from mean temperature,
maxunum temperature and minimum temperature. Minimum temperature, which
was nof correlated with hours of sunlight (r = <0.097), was selected as a variable to
negate mnteraction with hours of sunlight, which was selected as the second
component for principal component analysis. Thus, 10 variables were selected: sex,
age, annual income, minimum temperature, hours of sunlight, median homidity,
precipitation, wind direction, wind speed and weekdav or holiday.

Additionally, the 10 selected variables were analysed nsing generalized estimating
equations {GEE). Three variables (precipitation, wind direction and wind speed)
showed no significant correlation with any independent variable (il or healthy and
details of symptoms) and were excluded from covariates by a stepwise method. The
vartables remaining in the final analysis included lour environmental lactors
{minimum temperature, howrs of sunlight, median humidity and weekday or
holiday).

Statisiical analysis

Statistical analysis was conducted using IBM SPSS 200 A p-value = (.05 was con-
sidered to indicate significance. Adjusted odds ratios and standard deviations were
determined with 93%: confidence intervals.

The data used in this study were answers repeatedly collected from the same
subject to the same question. We selected the GEE useful for the analysis of repeated
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measurements ol health resulis, The repeated measurements included individuals
and households as subject variahles and days as an imra-subject variable,

Generalized estimating equations was conducted using “ill or healthy™ as a
dependent variable and three individual Factors (sex. age and annual income) and
four envirenmental factors (minimum temperature, hours of sunlight, median
lumidity and weekday and holiday) as independent variables. The GEE was also
performed using presence/absence of specific symptoms (fever, coughing. diarrhoea.
vomiting, rash and others) as a dependent varable, and the seven aforementioned
independent variables.

Ethics and consent

This research was conducted with the approval of the Ethics Committee of MNara
Medical University (Authonzation code: 2200,

Results
The largest age group of the enrolled subjects was between 35 and 39 years old (37
vears old on average) for both males and females, The ratio of males to females of
the participants was approximately 1:1. The male and female participants were
similar in age distnbution. Approximately, 300 completed questionnaires were
received each day during the survey period, giving a daily response rate of 33% to
51% (47% on average) (Figure 1), The mean response rate was 48.7% on weekdayvs
and 44.4% on hoelidavs. The everyvday responder rate throughout the survey period
was 3.2%. Although 34.5% of persons registered to show his/her willingness to
anmswer the survey, they did not respond. As shown in Figure 2, the proportion of
respondents who reported that they Felt il during the survey period ranged [rom 3%
Lo 10% on a daily basis during the survey period,

Table 1 illustrates the outcome of the questionnaire according to gender. There
were more female respondents than male respondents who suffered changes in their

40% u
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200

10%

Figure [ Daily response rate (o the guestionnaire.
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Figure 2. Proportion of respondents who answered that they were i1l on specific days,

Table 1. Questionnaire outcomes.

Male Female Total

Presence of Absence ol Presence of  Absence of Presence of  Absence ol
SVIIPEOMES  SVIIPLOMS  sYMPLoms  syimploms  sympioms  sympioms

(%) (%) (%} (%) (%} {%a)
] 1746 (5.7) 28830 (94.3) 2246 (6.9) 30274 (93.1) 3992 (6.3) 59.104 (93.7)
Fever 247 (0.8) 30329 (99.3) 249 (0.8) 32271 (99.2) 496 (0L8) 62600 (99.2)

Coughing 944 (3.1) 29,632 (96.9) 958 (2.9) 31,562 (97.1) 1902 (3) 61,194 (97)
Diarthoca 117 (0.4) 30,459 (99.6) |81 (0.6) 32,339 (99.4) 298 (0.5) 62,798 (99.5)
Vomiting 94 (0.3) 30482 (99.7)  116(D.4) 32404 (99.6) 210 (0.3) 62.886 (99.7)

Rash IR} 3054% (YUY 340001 32486 (U909} RZ(0L1) 6303 (90U
Convulsion 19000 35T (99.9) 2400 FLFIR (100 2000 63,075 (100)
Others ThE (28] 29808 (97.5) 1602 (4.9) 0918 (951 2370 (A8) 60720 (96.2)
Sum total 3576 32520 63096

physical condition. Coughing accounted for the highest proportion (3% of an
individual symptom suffered by respondents during the survey period.

From principal component analysis, the first principal components were mean
lemperature, maximum  temperature and minimum  lemperature. The second
principal component was hours ol sunlight. The third principal components were
sex and age, The fourth principal component was wind direction. The fifth principal
component was median humidity,

Pearson’s correlation coefficients were calculated. Varahles strongly correlated
were as follows: mean temperature and maximnun temperature (F = 0.924;
o= 0L001), mean temperature and minimum temperature (- = 0.722; p = 0,001),
mean temperature and atmospheric pressure (r = —0.54T; p =< 0.001), mean
temperature and wvapour pressure (= 0.880; p < 0.001), maximum temperature
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and hours of sunlight (¢ = 0.366; p < 0.000), maximum temperature and clond
cover (= —03T9; p = 0L001), maximum temperature and vapour pressure
(F =097 p < 0,001), minimum temperature and atmospheric pressure
(# = =0,520; p = 0.001), minimum temperature and vapour pressure {r = 0,760,
p o= 0001}, atmospheric pressure and vapour pressure (» = —0.521; p < 0.001).

Table 2 shows the results of the GEE of ill participants. The number of ill
subjects was inversely proporfional to mndividual factors (age and annual income)
and environmental factors {minimum temperature and howrs of sunlight), Tn
addition. fewer people were found to be ill on holidavs.

Table 3 shows the resulls of GEE of individual symptoms. The results revealed
that the number with fever, cough, diarrhoea, vomiting and rash decreased with age.
Oithers (unidentified complaints) decreased as annual income increased. Fever and
rash decreased as the minimum temperature increased. Additionallv, fever and
vormiting decreased as hours of sunlight increased. On holidays, cough and others
decreased and rash increased.

Discussion

In the present study, the relationship between environmental factors and health
conditions, which chanzed on a daily basis, were analvsed from health results in the
daily web guestionnaire survey. Case control designs, generalized linear models
{GLIM), and GEE are useful for such repeated epidemiological analyses. The GEE
was established by modifving GLIM, and has been found to be useful for repeated
measurements and longitudinal data analvsis, The GEE allows unbiased estimation
and bias correction for individual confounding factors that may be generated from
Internet survey results. They are commonly used in large epidemiological studies,
especially mulli-site cohort studies as they can handle many tvpes of unmeasured
dependence between outcomes (Nitta et al. 2010) Thus, we emploved GEE for
analysis of the repeated measurements of health results in our web survey to analvse
the changes in environmental and health conditions,

Correlations between environmenial changes and changes in daily svinptoms
have been reported for particular diseases (Vocks et al. 2001; Srinivasan et al. 2007,
Pantavaon et al, 2008), A decrease in temperature is associated with an increase in
ischemic cardiac events such as angina pectoris and a rise in blood pressure, while an

Table 2. Generalized estimating equations of ill subjects.

1l Healthy GEE

Mean SO Mean SD B SE  povalne Exp(B)
Sex 0099 02440 D.o86 1.104
Age 3615 6460 3790 9000 —0023 (L0111 0035 0877
Annual income 307 1499 353 Led% —0097 00893 D027 02
Minimum temperature 5078 2H3ZE 5350 20440 —0.020 0GU0128 D024% 0972
Haomrs of sunlight ZATY 088 3163 32276 —0.030 00111 0007 0871
Median bumidity 7647 T4l Ta.08 7353 0002 00035 0,563 Loz
Weekday or holiday 0122 00474 0000 1,130

Motes: **p = [L05; *p = (1. The table shows the mean and standard deviabion (SD) based on the
presencefabsence of svmptoms for companson, GEE: penemahzed estmating equations; SE: standacd
errar,
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Table 3. Generalized estimating equations for each svmprom.
Svrmptom
present N symplom GEE

Fever Mean 50 Mezan S I SE  pevalne Exp(B)
Sex 0.046 0.2661 0.862 1.048
Age 3478 6024 37E2 0 BEYS 0044 00110 0000%  0.957
Ansual income 370 1.591 350 Led7 0.073 00637 0L250 L.07a
Minimum temperature 4655 25315 5348 29407 —0.058 00270 DLO31YE 0944
Hours of sunlight 2578 2T X051 32239 —00T6 (L0234 0.003%F 0926
Median bumedity 7631 7231 Va0 T35 —0.00% 0008 0.32 .95]
Weakday or holiday 0R0 1347 0.554 1083
Coughing
Sex 03R4 (L2583 0135 1468
Age 3606 5545 3785 BOS4 —0.029 0.0080 0.000%%  0.971
Annual income 351 1359 350 1613 —0.010 00650 0.882 0.990
Minimum temperature 5015 28145 5352 29413 0042 00223 (.062 0n49s9
Hours of sunlight 2772 30623 3157 31254 —0.034 00181 0,058 0.966
Median humidity T6.85 T892 TAO0B  T.349 0.008  0.0057 0,145 1.008
Wezkday or holiday 0.222 (06eT (LO01** 1248
Diarrhoea
Sex —0.113 03287 0.732 0894
Apa 3549 f4dlR 3TElD O RE9F  —0030 00146 0O (.870
Annual income 355 1664 50 Leay 0026 09ns 0,773 1.027
Minimum temperature  5.102 209279 5344 29386 0019 0.0369 0.611 1.015
Hounrs of sunlight 2794 32217 3148 32217 0032 0376 0.394 0969
Median humidity 7655 7074 a4 7357 .02 00120 (.889 1002
Weekday or holiday —0.156 0.1906 0.414 0.856
Famiting
Sex —0.109 0.3291 0.741 0897
Age 3426 7620 3781 BBET  —0.045 00214 0.032*F 0955
Annual income 297 1632 350 1607 —0217 01449 0134 0805
Mirumum temperatire 4371 25365 5346 29391 —0.05]1 0462 0271 0.950
Hours of sunlight 2051 25977 150 32228 —0.135 00469 0004 08T
Median humidity 7735 6879 TAld 7358 0001 (0171 0933 1001
Weskday or holiday 0034 02165 0874 0966
Rizsi
Sex 1.185 1.0015 0.237 3.270
Ape 2843 3664 3TEL BRES  —0.199% 00326 0.000%% 0617
Annual income 368 1814 350 1607 0,053 0.2451 0,827 1.055
Minmnum (emperature 4786 29974 5344 29385 —0.044 00643 D.025%F 0866
Hours of sunlight 01T 30067 3147 33220 —0.019 00625 0.762 0921
Mdedian bumidity 7612 TR0 Tald T.3AT .00 0172 0.3 1.004
Weekdav or holiday — 483 (L2155 0.025%  0.al7
(hthers
Sex — 4 (L3542 0.214 (6d4
Age 3655 6917 3784 BO3R —0.02 00147 0913 0993
Annnal income 43 1222 353 Lade obsd 1765 0.000%* 0520
Minimum temperature 5214 28481 5347 29413 —0.020 00150 0189 0951
Hours of sunlight 31 30820 3151 32230 —0.0017 00130 0,198 0.983
Median humidity 7608 Y301 Vel 7350 —0.003 (L0042 0426 0997
Weskday or holiday 0147 Do6De 0016%% 1,159

MNotes: *¥p = 0L05 *p < 0.1
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increase in minimum temperature, especially during the warm season, is associated
with a decrease in the onset of cardiovascular or respiratory events (Pantavou et al.
2008). It has also been reported that a decrease in humidity at a temperature of less
than 13°C resulted in an increase in the rate of torsion of the testes (Srinivasan et al.
2007y, A sharp decrease in temperature has been reported to exacerbate symiptoms
such as itching sensations in paticnts with atopic dermatitis (Vocks et al. 2001).
Moreover, an increase in maximum temperature of 1°C was found {o increase overall
mortality by 0.9%, and a mean temperature of 32°C or above has been reported to
increase overall mortality by 7.3% (Hu ct al. 2008). An arlicle about the relationship
between climate and hospitalization in children with asthma demonstrated that
children aged 0 4 years were the most valnerable to climatic changes. More children
were hospitalized on cold and dry days with low absolute humidity (Nastos et al.
2008). An artcle on the relationship between clunate and respiratory inlection
demonstrated that temperature and hwmidity were strongly associated with the
development and aggravation of respiratory infection. Of note, there was an increase
in death rate about two weeks after cold davs with low hmidity (MNastos et al. 2006),
An article on the relationship between climatic changes and death rates
demonstrated that rapid climatic changes were a critical risk factor for death. OF
note, the physical conditions are influenced at three davs in winter and at one day in
summier after rapid climatic changes (Mastos et al, 2011,

However, few studies have been conducted to investigate the correlation between
changes in the daily physical condition of a general population not suffering from
any particular disease, and changes in environmental factors,

When ambient temperature decreases during winter, symptoms such as runny
nose, sneeze, cough or fever commonly appear. Moreover, bacterial infections,
commaon cold and influenza are frequently reported to increase during winter in
clinical practice (Heilkkinen and Jarvinen 2003; Tanaka 1998). These cormespond Lo
the result that when the minimum ambient temperature decreases, it is likely that
many people will experience symptoms of poor health, especially fever. Conversely,
when the minimum ambient temperature increases, the overall health conditions of
the general population tend to nnprove. The web-based questionnaire collecis data
regarding changes in the respondents’ daily physical condition on a real-time basis,
which allowed investigation of the correlation between environmental factors and
the physical condition of the general population.

The results also revealed that the physical condition of the respondents omproved
as the hours of sunlight increased. Additionally, more people were ill on weekdays
than on holidays, It is possible that the latter finding was related to stress, Indeed, an
increase in the prevalence of disease caused by psychosocial stress in recent times has
been reported (Schmidt et al. 2008}, and attending school or work on a weekday may
result in psvchosocial stress, which could have an effect on the physical condifion. Tn
contrast. a more relaxing time on holiday is likely to relieve stress (Butler et al. 2009)
and improve the physical condition,

The “presence absence of specific symptoms™ was found to be significantly
correlated with hours of sunlight, Hours of sunlight has been reported to be
correlated with the secretion of serotonin in the braing therefore, mental disorders
such as depression and anmxiety. which are associated with decreased serotonin
sectetion, may be improved by sunlight exposure (Lambert et al 2002). In addition,
ultraviolet exposure increasas the synthesis of vitamin D, and apprapriate quantities
of vitamin ID may be a preventative factor against immune-related disorders, such as
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multiple sclerosis and type 1 diabetes mellitus, infections and cancer (Morval et al,
2007). Tt has alse been reported that the risk of human papillomavirus (HFV)
infection decreases as the amount of sunlight exposure increases. Despite the
reported effects of increased sunlight, the increase in ultraviolet radiation resulting
from depletion of the orone laver could have adwverse effects on the body such as
acute damage to the eves and skin. Additionally, sunlight exposure is associated with
an increased risk of skin squamous cell carcinoma, epidennodysplasia verruciformis-
HPV infection and decreased skin or systemic immunoreactivity {Termorshuizen
et al. 2004).

The results of this study revealed that the appearance of symptoms decreased
with increased hours of sunlight. These findings were in accordance with the positive
effects of sunlight exposure on the human body observed in previous reports,

Although it has been reporied that intra-mdividual variabilitv, amount of
sunlight exposure and mndividual background significantly mfluenced the effects of
sunlight exposure on intracellular DINA, and that ultraviolet-induced DINA damage
accumulated over three to six davs (Moller et al. 2002}, this was not relevant at the
time of year our survey was conducied.

An article about the relationship between health conditions and individual
Factors indicated that health conditions varied with sex, age and income. Men were
more vialnerable than women. Younger persons were more vilnerable. Those with
higher incomes had better health conditions (Belloc et al. 1970}, The present survey
also demonstrated that individual factors influenced health conditions.

It should be noted that there are some limitations to this study. In the
guestionnaire, the severily and specificity of svmptoms i the guestions could not be
determined by the researcher. This survey was alzo limited in terms of the assessment
of the reliability of respondents’ answers due a selfsreporting system being used.

The cost of the three=month survey in Irumo was 8.28 million ven (LSS 103, 300).
1t would be ideal to conduct survevs about changes in the environment and health
conditions of the general population in major cities in Japan all vear long. Although
a web-based survey is cheaper than paper-based or face-to-face surveys, if the survey
was expanded to main cities in Japan or carded out over a Mll vear, the expense
would be massive, Thus, because of the excessive cost of such surveys, the tarpet area
and period in this survey were limited. January to March was selected because we
assumed that changes in health conditions caused by envirommental changes would
be most common during the period from winter to spring (specifically Janvary to
March). The results of this study demonstrated that changes in body conditions were
associated with environmental changes. However. as described above, health
conditions and climatic changes have time trends. Thus, a survey should be
conducted throughout the vear in dilferent seasons and months, In the ture, we
hope to expand the survey area and study pericd. In addition, given that sunlight
exposure may have an impact on the human body not only on the day of exposure,
but three to six days later (Moller et al. 2002), it may be necessary to perform a more
detatled analysis using lag tmmes to investigate the correlation of sunlight with
physical condition.

Conclusions

The WDNH enabled maonitoring of changes in physical condition on a real-time
basis by daily collection of data. Changes in the daily physical condition of the
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general population were found to be correlated with changes in certain environ-
mental factors. In particular, 1t was revealed that the following factors in winter/
spring were associated with physical condition: fever, cough, diarrhosa, vomiting
and rash decreased with age. Others decreased as houwsehold income increased. An
increase in minimm temperature was associated with a reduction in fever and rash;
an increase in hours of sunlight was associated with a reduction in fever, and
vomiting; holidavs were associated with betler physical condition and less coughing
and others, while rash imcreased.
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Tentative food defense guidelines for food producers and processors in Japan

Yoshivuki Kamacawa™® Manabu Axanane®, Tomoaki IMasura® Amsushi Haspcawal®,
Kentare YaymacucH™™, Kazuo Osrrane!®| Satoshi Takava®™ and Shigeki Yasamoroi*

Key words | food contamination, food defense, focd defense checklisn for food producers and processors,
food defense guidelines, CARVER + Shock, HACCP

Objectives  With increasing global interest in intentional Tood contamination, expert mestings have been
held by the GB, while the U8, government has proposed policies for preventing food terrorism ane
intentional contgmination. Hewever, Japan has no food defense policy, and somie food companies
are concerned about an impending terrorism and contamination erisiz.

Methods  We developed & Food Defense Checklist for Food Producers and Processors and published the de-
tails on the website. We also developed tentative Food Delense Guidelines for Food Producers and
Priocessors on the basis of the checklist. Tn this soody, we tested the ussbility of the guidelines
through a hearing survey regarding food plants. We also compared the checklist with the implemen-
tation manual for the approval system of Comprehensive Sanitation Management and Production
Process (the Japancse cquivalent of the HACCE) .

Results  We organized the comments gleaned from the hearing survey and provided a detailed explanaion
al the :I;'L'L‘idttllnf's. Az the HACCP has been adopreri l:}- _]'armnqmu Forad mm[mn_iﬁl wi included both
precautionary measures and the HAGCP perspective in the explanation regarding the rapid dis-
seminzion of information.

Conclusion  The guidelines are wseful for Japanese food companies, and it iz important o disseminate
knowledge on this topic and implement food defenee measures,
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Association between first airborne cedar pollen level peak and
pollinosis symptom onset: a web-based sarvey

Harumi Bando®, Hiroaki Sugiura”®, Yasushi Ohkusa’, Manabu Akahane”,
Tomomi Sano”, Nariko Jojima®, Nobuhiko Okabe” and Tomoaki Imamura’

*Faculty of Nursing, Nara Medical University, Kashihara, Japan; *Department of Public Health,
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Infectious Diseases, Infectious Disease Surveillance Center, Tovame, Jupan; “Kansai Airport
Crarantine Station, Tafiv-Che, Japan

(Reveived 23 October 2003 final version recelved & Febrary 2004)

Cedar pollinosis in Japan affects nearly 23 %% of Japanese citizens. To develop a
treatment for cedar pollinosis, it is necessary to understand the relationship between
the time of its ccourrence and the amount of airbome cedar pollen. n the spring of
2009, we conducted daily Intemet-based  epidemiclogic survevs, which  incloded
1453 ndividoals. We examined the relationship between imitial date of onset of polli-
nosis symptomms and daly amount of airborne cedar pollen to which subjects were
exposed. Approximately 35.2% of the subjects experienced the onset of pollinosis
during a one-week interval in which the middle day coincided with the peak pollen
coumt. The odds matio for this one-week time interval was 403 (95 % confidence
interval: 3.34-4.86). The predicted date of the cedar pollen peak can be used to
determine the appropriate date for imitiation of selfsmedication with anti-allergy drogs
and thus avoid development of sustamed and severe pollinosis.

Keywords: seazomal allergie rhinitis; web-based survey; population surveillance;
pollingsis; cedar

Introduction

Pollinosis mvolving immunoglobulin E {IgE-mediated mmmediate-type hypersensitivity
is an important issue i many countries because of the high rates of morbidity associ-
aled with the condition (I Amato et al. 2007}, One meta-analysis revealed that pollino-
sis has a maorbidity of 24.5% in the general population in Japanese urban cities
{Kaneko et al. 20035} However, the morbidity is increasing along with envirommental
changes, which imcrease the severity of pollinosis. The social and public health impacts
of the condition are highly significant because of the reduction in productivity cawsed
by prolonged syvmptoms, which can persist for = 2 months (Crystal-Peters et al. 2001;
Olubo et al. 2005},

In Japan, Cryptomeria japonica (Japanese cedar} 1s a major representative pollen
allergen. This species was planted in large numbers after 1945 because of the increased
demand for timber following Waorld War II. Cedar pollen begins to form in July and is
almost fully developed by November when the cedar ree enters a dormant state. Cedars
awaken from their dormancy and start to flower in early February (Kawashima &

#Forresponding anthor. Email; tomomarie@smn.cnjoy ne jp
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Takahashi 1999}, The scattering of cedar pollen is determined by conditions appropriate
for high levels of flowering as well as by weather conditions that enable the pollen o
become airbome (Kawashima et al. 1998% The amount of airtbome cedar pollen is
affected by several variables, including the number of sunlight hours, wind speed and
direction, and humidity (D’Amato et al. 2003), When the season begins, only small
amounts of cedar pollen are generated, and these are then dispersed by strong winds, At
the peak of Howering, large quantities of pollen become airbome, and when these are
dispersed by strong winds they may cause pollen storms. The released cedar pollen
floats in the atmosphere for long periods and is dispersed over great distances {Okamoto
el al. 2009, Awaya & Murayama 2012% Therefore, the daily amount of aifborne cedar
pollen fluctuates during the allergy seasonm and is influenced by weather conditions
{Takasaki et al. 2009,

Epidemiological surveys of pollinosis are usually conducted using patient question-
naire surveys that show trends, but these surveys cannot clanfy prevalence (Okuda
2003). Clinical diagnostic techniques, including 1gF assays. can provide definitive diag-
noses 1o support information gleaned from patient symptom swrveys (Sakashita et al.
2010y, However, total morbidity cannot be determined by surveys involving patients
treated at medical faciliies, because many patients do nol seck medical attention when
their symptoms are mild, especially early in the allergy season. Therefore, general popu-
lation surveys on pollinosis are necessary, Once pollinosis oceurs, svmpioms persist for
the duration of the season (Sasald et al. 2009). ldentification of the imtial daie of polli-
nosis 15 necessary to clarfy s charactenistics and to lake appropriate countermeasures.
To this end, daily observations are necessary, The Internet is useful for conducting such
daily epidemological investigations {Sugiura et al. 2010, 2011y, The first epidemiologi-
cal survey using the Intemet was published i 1996, and others have followed (Bell &
Kahn 19961 A benefit of this method is that both individuals who seek medical care
and those who do not can be included (Tilston et al. 2010}, Internet surveys of the pop-
wlation with and withowt allergic rhinitis have been conducted wsing citizens registered
with Internet survey companies {Long 2007; Sharp & Seeto 2010). However, most were
cross-sectional surveys conducted after the season onset.

In 2007, we developed a web-based daily symptom surveillance method known as
the WDQH or Web-based Daily Questionnaire for Health (Sugiura et al. 2010, 200 1).
Surveys using the WDOH enable the discovery of infection outhreaks and are used to
investigate the effects of environmental factors on health conditions in the population
{Sana et al. 2013). In the present study, we conducted a survey on pollinosis using the
WDOQH. The survey was conducted dunng the spring, prior to the onset of cedar polli-
nosis symptoms,

The objectives of this study were to evaluate the feasibility of a web-based epidemi-
ological survey of pollen diseases, to determine the daily morbidity and initial date of
pollinosis onset, and 1o clarily the relationship between pollinosis and the amounts of
aithome cedar pollen.

Methods
Survey method

The daily survey was conducted between | February 2009 and 30 March 2009, and
involved 1433 residents of Tokyo, Japan; the study was approved by the Research
Ethical Commitiee of Nara Medical University (Wo. 220). The stdy population
comprised ndividuals and their familics who ordered food using the Internet and who
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were members of the Japanese Consumers’ Co-operative Union (CO-OP). The survey
ivolved the CO-0P because the cooperative is mterested in promoting the health of its
members. At the time of the study, there were | million CO-0F members among
Tokyo's population of 123 million. The participants were recruited through banner
advertisemenis on the CO-OF home page. Participanis were rewarded points equal to
100 yen (1 USD =89 ven at the time of the survey) as a reward for registering, Writlen
informed consent was obtained from all participants. Although there was no monetary
reward for responding to the survey, responders gained access to the survey results via
a link on the home page, and a short essay about daily health,

Upon registration, respondents provided their CO-0OF registration number as well as
the sex and age of themselves and their family members. On the survey dates, the
investigators sent an email reminder to each respondent. The subjects were given a max-
imum of 3 days to 6ll owt the questionnaire for each survey day, The contents of the
daily surveys myvalved “ves” and “no™ questions asked of cach family member regard-
g 19 symptoms or signs characteristic of infections and allergies (Sugiura et al. 201 1),

The study also looked into the medical conditions of all members of fanulies with
the representative of each family answering questions on the home page.

In the present study, we analyzed the dala acquired for the following Gve symploms:
mnny nose, itchy eves, sneezing, slight fever, and high fever. Pollinosis symptoms were
defined as the simultaneous presence of rhinitis and conjunctivits i the absence of both
slight and high fevers to rule ont infections disease.

To simplify the current survey, respondents were asked to report the presence or
absence of pollinosis symptoms, but not their severity. This is because our study was
not specific for pollinosis and mcluded guestions relating to other mfections and aller-
gies; the questions were sunplified for ease of daily mput.

Data regarding cedar pollen abundance are publicly available on the Internet. We
accessed the pollen observation system of the Tokyo Metropolitan CGovernment
{TMIPH} and obtained data on daily 24-h airtbome cedar pollen levels at Sugmani-ku —
an urban area, the central area where the subjects lived — from 1 February 2009 to 30
March 2009, The daily amount of airborne cedar pollen is caleulated hourly by measur-
ing the pollen-specific fluorescence in | m” of air obtained using an aspiration pump
(KP-15300, Kowa Inc., Nagoya, Japan), which is set up at a height of 12 meters above
the ground. This result is reported in real time.

Dharter analysis

The daily incidences of runny noses, sneezing, and itchy eyves were calculated, and the
data were plotted on an epidemiological curve on which the X-axis represented the date
and the F-axis the number of cases. All pollinosis symptoms were plotied on the same
graph and compared with the amounts of airbome cedar pollen. We followed each indi-
vidual during the enfire period, and the initial date of pollinosis symptom onset was
identified. The daily number of people experiencing the mitial onset of pollinosis symp-
toms was also caleulated.

The odds ratio (OR} of the »° test of pollinosis symptoms was determined before
and after the date on which the maximum level of airhorme cedar pollen was noted to
evaluate the risk of the first pollen exposure. In addition, binary logistic regression anal-
yses were performed to confinn the increases m the mitial onset of pollinosis syvmploms
during a one-week interval with the middle day coinciding with the peak amount of air-
bome cedar pollen. To correct for inter-subject correlations in the daily survey (among
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the same subjects during the study peried), o gensralized estimating equation rmethod
was uged. Foz these analyges, the presence or abssnos of the initial oaget of pollinesis
symptoms was designated as the dependent variable, and the mdependent variable was
defined as the cnewesk merval in which the middle day ceincided with the peak
amoant of airbome cedar pollen, Tnaddition, to adjust for confounding factors, sex and
ags wers included az independent variablss. The statistical anslyvees were pesformed
using SPSS version 15.0 (SPSS, Chicago, IL, USA)

Resulis

A total of 1453 individuals were entolled in the suréey, which represents an excsilent
participation rate (96 %) given the number of initial responders exhibiting interest Over
38 investigation days, the aversge daily responige role was 4001 %= 5.0%:

The tims course analysis of the daiby aitbome cadar pollen concentrations ravaaled a
alear relafionship betaeen the peak incidence and the severity of allerpic responses
{Figurs 13 Ths pollan comnt stoed at 34 e diey o1 1 February, the day when the study
begart. MNo recomizable correlation existsd between provalence and he pellen count
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Figarz 1. Daily prevalence of patients with divideal polinesis syiygoms and daily cedar
pollen count,
Meotes: Pollinesis was defined as thinitis together with conjunctivivs o the abzence of fever
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over the entire period. The first peak in airbome cedar pollen levels was associated with
4 dramatic increase in the percentage of subjects reporting all four parameters, We con-
sidered a correlation between pollen peaks and subsequent symptoms. The Pearson
product-moment comelation coefficient had a value of 0518 (p=0.001), showing a
wealk positive comrelation,

The percentage of affected subjects remained elevated until the second peak n air-
home cedar pollen levels, which was detected during the third week of March. Follow-
ing the second peak in cedar pollen levels, the symptoms started to subside and
continued fo do so until the end of the survey period. These data show that allergic
reactions were initiated by the first peak in cedar pollen levels and persisted throughout
the entire season, even when the cedar pollen levels returned to near the baseline levels.

The number of persons reporting the initial onset of pollinosis symptoms gradually
increased and reached a maximum on 16 February, coinciding with the maximum
amount of airbomne cedar pollen. A cumulative frequency distnibution showed hat on
2 February, four days before the aithome cedar pollen peak, 21.2% of the subjects
reporied the onset of pollinosis sympioms, During the first week (13-19 February),
which mecluded the maximum amount of airtborme cedar pollen on 16 February, 352 %
of the patients reported the mniial onsel of pollinosis symptoms. The cumulaive muonber
of persons with an initial onset of pollinosis symptoms by 19 February, three days after
the airborne cedar pollen peak, was 56.4 % (Figure 2).

The OR of the  test for pollinosis sympioms before and after the date of the maxi-
mum amount of aitbome cedar pollen was 466 (95 % confidence interval, 4.22-5.16).
A binary logistic regression, which was performed using a generalized estimating equa-
non method, revealed that the OR dunng the first week of the initial maximmn pollen
peak wvs. the other days. adjusted for sex and age, was 403 (95% CI, 3344 86).
Women were more sensitive to pollen levels than men, and the most sensitive group

included those between the ages of 20 and 20 vears (Tahle 1)

Discussion

Our findings confinn the feasibility of using a web-based epidemiologic survey of pal-
len-related conditions to determine the relationship between peak pollen levels and aller-
gic responses. The first peak in the aithome cedar pollen level was associated with a
dramatic increase in the mitial onset of pollinosis symptoms. However, we clearly
showed the persistence of symptoms after pollen levels returned to close to the baseline,
and no recognizable correlation existed between prevalence and the pollen count over
the entire period. This is a pattern peculiar to Japanese cedar pollinosis, in contrast to
Furopean hay fever (Berger et al. 2013).

The subjects resided in densely populated areas of Tokyvo, However, Japanese cedar
pollen ravels even from a remote plantation 100 km away and differs greatly from plant
allergens in other countries in that large amounts of it affect patients when hlown in hy
strong winds during hlooming in the spring. The quantity defined as “extremely high™
is approximately 1000/m’, A pollen count of 14 times this value was observed in this
mvestigation on the day with the highest count.

We clearly showed that once the subjects had a response to the initial peak in pollen
release, they reported symploms of pollmosis untl the end of the season. Thus, the
allergic reactions were primed by the first surge m arborne cedar pollen levels and
remiained elevated tor weeks before slowly declining at the end of the season. The large
amounts of pollen initially observed caused prevalence to spike af first and then increase
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Figre 2. Dmily percentare of mdivideals reporing the sl onset of pollinesis symploms and
the amount of anhborne cadar commt

at a slower pace dsspite a decline in the pellen count. Purthermors, we meesalad that
there ars two phases in the relationship betwsen the pellen count and prevalence. The
first i3 the priming shase associated with the largs arnounts of pellan mitially observed.
Tho logistic repression analysis showed that the inibal aithome peak i cedar polle lovels
influenced the mumber of subjecis sxperiencing tie incidence of pollinosis, Mot
subjects who were susceptibls to developing severs pollinesis in the Tokyo area wers
atfected by this first peak in aithome cedar pollen levels, The second phase iz a period
after the initial blip in the pollen count disappears. A reanalvsis conducted wnder the
conditions afier the initial peak in the pollen count disappeared revealed the exisience
of a positive correlaticn betwesn the pollen count and the nunber of individuals who
developad pollinosis symptoms. The second phase, despite a lower daily pollen count,
saw & higher prevalence than the firel phase. After pollen has digpersed and been scal-
tered i large quantities, it remaims @ the tees for o few days and can become 8 somoce

RIGHTS LI N K



April 2014

3

[Hiroak: Sugiura)] at 01:08 1

Diovwnloaded by

Internationa! Jowrnal of Environmental Health Research 7

Table 1. Resulis from the two-term logistic regression analyses; companson of the first week
with the mitial maximum cedar pollen peak and the rest of the pollen season.

Odds 93 %% Cl

BNumber Ratio  Lower limit  Upper Himit

O week of the mitial maximum cedar pollen peak v, 4.035 334 486
the subsequent pollen season

= 6} yeurs T3 1.5% 1.08 166
=40 to = 60 vears 474 248 1.24 KR
= 30t < 40 years 355 267 165 433
=15 to = 20 years 103 21 1.24 3.58
=10 w15 vears 138 23 1.36 39
= 5o < 10vears 128 1.88 1.0% 327
Relerence: = 5 years 136

Women va. men 1.26 1.0% 147

for later scattering, In addition, because mdividuals are in a sensitive state, they are
primed for symptomatic reactions, even if the amount of pollen does not mecrease mark-
edly. This explains the lack of a correlation between prevalence and the pollen count
over the entire period. These findings are new and have never been reported i previous
research.

Prophylactic administration of anti-allergy drugs before the imitial peak i aithome
cedar pollen levels would be beneficial for individuals who normally experience sea-
sonal pollen allergies. Therefore, the identification of the initial peak in the airborme
cedar pollen level is of paramount importance.

The population in the cuwrrent study was already svmptomatic when the onset of pol-
linosis was detected at the beginning of the season. However, the present study demon-
sirated that most subjects reported the onset of pollinosis when a large amount of pollen
was present. During the days before and after 16 February (13-19 February), when the
level of arrborne cedar pollen reached s maxinmum value, 35.2% of the subjects
reporied the initial onset of pollinosis symptoms, This finding indicates that the initial
large amount of airtbome cedar pollen caused seasonal pollinosis in many citizens. By
19 February (3 days after the maximum level of aitbome cedar pollen), 36 % of the sub-
Jects {the cumulative total number of subjects from the initial date) bad reported the
onset of pollinosis svmptoms, Another study on the relationship between cedar pollino-
gis onsel and cedar pollen count in patients seeking care at medical facilities found that
there was a distinct initial peak of onset (Dejima et al. 1997}, Because that study was a
patieni-based study, only seriously il individuals were imeluded; however, even small
amounts of pollen scatiering were believed o mduce reactions.

Medek et al. {2012} reported a daily symptom investigation of 42 hay fever patients
and the pollen relationship with the daily climate using a web-based survey, Their study
clarified the daily nasal rhinoconjunctivitis symptoms of patientis and the pollen load via
4 web mvestigation. Moreover, the present study demonstrated that web-based surveys
can be used to determine these patterns in the general population, and such surveys are
presumably easier and faster to use and administer than paper-based questionnaires; they
may also help 1o determine the mitial onset of symploms. Another advantage of using
an Internet survey is that epidemiological data can be gathered early in the season to
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develop better preventive measures. The fast-growing social and economic burden of
pollinosis in Japan calls for an improvement in preventive measwres to betier mform the
population of the onset of airtbome cedar pollen exposure. Because patients secking
medical attention present with severe symptoms, the present study used an Internet-
based survey to ensure that patients with mild symptoms were also included in the pop-
wlation study. This approach allowed us to wdentify the onset of nuld svmptoms within
the allergy season, and to identify the citizens most at risk of developing severe and per-
sistent pollinosis symptoms.

A logistic regression by age group showed that the age ramge included subjects
between 20 and 40 years of age who represented a laghly sensitive population in this
Tokyo-based investization. Young children are normally very susceptible to allergies,
and this is a major concern for clinicians. A breakdown of the data analysis of those
< 20 vears of age (data divided into 5-10, 10-15, and 15-20 year age groups) revealed
that pollen symptoms were also present in mdividuals aged 5-10 years. This supporls
previous data published after an investigation of allergies among primary school-aged
children in Tolyo {Futamura et al. 2011},

An Internet survey has several advantages over conventional paper surveys. Gener-
ally, the amommt of data acquired 15 greater in epidemiological surveys performed using
the Internet than in conventional paper surveys (Schleyer & Forrest 20010); Eloman et al.
2006). Another advantage 1s the inclusion of subjects with mild and early symptoms
who do not normally seek care at medical facilities (Bell & Kahn 1996). Of note. how-
ever, 15 that baseline mlormation is not available for these studies. In our present survey,
there was a high response rate, the symptoms of pollinosis were reported every day, and
sufficient data were available for reliable statistical analyses. Regarding the response raie
and sampling, the average online survey response rate was 39.6 % according to a meta-
analysis performed of 68 surveys. We would consider therefore that the survey had a
satisfactory response rate for an online survey conducted daily (Cook et al. 20000},

A limutation of this study was that the analysis was only based on the data from
2009 Therefore, sinular studies should be conducted over several seasons. Another lim-
itation was that the nuwmber of patients who used oral anti-allergic drugs might have
been underestimated, Therefore, in future studies, questions regarding the use of anti-
allergic drugs may need w be ncluded. This study discusses meidence based solely on
reparts an cedar pollen-related symptoms. Although confirmation through a blood test is
essential to avoid a false-positive result, we could not perform hlood tests in conjunction
with an epidemiological study because of the Personal Information Protection Law
(Ocamoto et al. 2009) in Japan. Despile this limitation, our web=-based survey proved 1o
he suitable for documenting trends associated with cedar pollinosis in Tokyo.

In conclusion, aiming to identify the initial day of onset of pollinosis, this Intemet
survey clarified the statistical significance of awrbome pollen guantity and pollinosis
syimptoms. The first peak in the airbome cedar pollen level was associated with a dra-
matic increase in the initial onset of pollinosis symptoms. This finding can be used to
predict the appropriate date for the initiation of self~medication with anti-allergy drugs
and thus avoid the development of sustained and severe pollinosis (Gotoh et al. 201 1),
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