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Research and information systems on health

effects of weather in Europe

Prof. Dr. Peter Hoppe
Geo Risks Research Department, MunichRe, Munich Germany

Introduction

Already 400 years before Christ the ancient
physician Hippocrates has documented the
finding in one of his books, that weather
changes can affect human health in one of his
books. He advised physicians not to do surgery
on days with weather changes as
complications on such days are more probable.
This is the first documented weather related
advice in literature. Today many public
weather services and private weather bureaus
in many countries provide a variety of health
related weather information. Research and
services in this field have been strong for
many decades especially in Europe and there
in the German speaking countries, Germany,
Austria and Switzerland. Still today health
related weather services are most widespread
and acknowledged in Europe compared to the
other continents. In this paper the most
relevant biometeorological research and
services in Europe are described and

discussed.

,Weather commonly is defined as the current
of the which

charactarized by atmospheric pressure (and

state atmosphere, is

its changes), air temperature, radiation

conditions heat

humidity,

(sunshine, radiation),

wind velocity, precipitation,
stratification and electrical properties of the
atmosphere. Weather certainly is the most
influencing environmental factor for the
human organism. There are many trivial
effects of weather, such as lightning stroke,
windstorm impact (e.g. physical injuries
caused by falling branches, hurtling objects
etc), flooding or icy roads. In figure 1 the
mean annual number of fatalities due to
weather events in the USA in the time
between 1994 and 2003 is shown. It becomes
obvious that heat is the largest weather
related “killer”. Health effects of heat belong
to the so called direct effects of weather and
climate on humans. The thermal effects can be
just stimulations at times, however, they can
reach the level of thermal strain and even kill
people during heat waves. Other direct effects
of weather on humans are irritations caused
by wind and skin injuries by solar radiation
and a large range of mostly unspecific
symptoms belonging to the ,weather-
sensitivity-syndrome®.

Indirectly weather affects the propagation and
dispersion of anthropogenic pollutants (air

pollution), the release and dispersion of



allergens (e.g. pollen), the production of photo

oxidants like ozone and the impact on

infectious diseases like flu epidemics.

Mean annual number of fatalities due to weather events
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Fig. 1: Mean annual number of fatalities in the USA due to different weather hazards.

Thermal conditions

As already mentioned the most important
weather characteristics are the thermal
conditions. From many recent studies there is
clear evidence that daily mortality is depen-
dent on the ambient thermal conditions. In
2003 more than 35,000 people were killed in
Europe by an extreme heat wave.The effects of
the thermal conditions on the human organism
can be quantified by thermophysiological

models. They give information on the expected

heat fluxes from an to the human body and the
thermal status reached under an assumed
weather scenario as shown in figure 2 for a hot
summer day. Such models are the basis for the
calculation of “perceived temperatures” like the
one being used by the German weather service.
Perceived Temperature is a thermal index
representing an air temperature in an
environment without any significant influence

of wind and solar radiation which would result
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in the same thermal status of the human body.
The Perceived Temperature can be very
helpful for the public on cold winter days with
additional cooling due to high wind speeds or
on hot summer days with intensive solar

radiation. In both cases the air temperature

Heat Balancing (MEMI): Summer
T,=30°C, T,,;=60 °C, RH = 50%, v =1.0 m/s ., -

does not reflect properly the thermal effects of
the weather on the human body, the kind of
clothing one has to wear. In many countries in
Europe weather agencies use such thermal
indices as part of their weather forecasts for

the public.

Perceived Temperature (PET) = 43 °C g |

Internal heat production: 258 W

Mean skin temperature: 36.1 °C

Body core temperature: 37.5 °C

Skin wettedness: 53 %

Water loss: 525 g/h

Respiratory heat loss: -27 W

Imperceptable Perspiration: -11 W

Sweat evaporation: -317 W

Convection: -143 W

Net radiation: +240 W

Body Parameters:1.80 m, 75 kg, 35 years, 0.5 clo, walking (4 km/h)

Fig. 2: Heat budget modeling of the human body for a hot day scenario. Model used: MEMI

Ultraviolet radiation (UV)

Solar radiation is an important part of the
thermal conditions, but there are also non
thermal effects of solar radiation, most of them
in the range of ultraviolet (UV) radiation. Sun
exposure can cause erythema, skin cancer,
cataract and sun (Light) allergies. The most
important determinant for the intensity of UV-
Radiation on the ground level is the elevation

of the sun, which is a function of the time of

day, season and the geographical latitude.
Other relevant factors are altitude above sea

level, degree of cloud cover and type of clouds,
atmospheric aerosol and the total amount of

ozone in the path of the solar rays. For Europe
the German Weather Service has been
appointed to produce UV-forecasts on a daily
basis. The forecast is given as the maximum of

the expected UV-index for the next days. The
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UV-index is an internationally standardized
parameter which ranges between 0 (nighttime)
and about 15 (midday in tropics). An example
how this index can be used for the information
of the public is shown in figure 3. For this
figure measurements with new automatic
scanning radiometers have been used and
visualized on a human body. It clearly shows

the skin areas exposed most to UV-radiation

12.6.2001, 1.15 p.m.
Facing southwards

Zugspitze

and also depicts the increased UV-exposure at
higher elevations. Most weather offices do not
only provide the UV-indices with along with
but also give

behavioral advice. They give recommendations

their weather forecasts

for outdoor activities, clothing, sun screens and

tell the public how many minutes it would take
to develop sunburn for different skin types.

Munich

Figure 3: UV-exposure of the human body on a clear summer day at the time of the highest solar

elevation on mountain Zugspitze (2800 m above sea level) and in Munich (500 m above sea level)



Pollen information

In all industrialized countries the prevalence of
allergies and pollinosis has increased during
the last decades. In many countries more than
20% of the population suffer from allergies,
many of them being sensitized against pollen.
The pollen concentration is highly dependent
on the weather for two reasons: weeds and
trees tend to bloom and disperse pollen
predominantly on sunny days and on subh
days they stay much longer airborne as they
are not washed out by precipitation. Also wind
speed plays a role for the release and
dispersion of pollen. In Germany about 400
observers report the start of the blooming of
allergenic species. At 55 locations pollen traps
collect pollen; specially trained staff
characterizes species and counts them. The
German Weather Service merges current
pollen data with weather forecast and issues
pollen concentration forecasts for the next day.
The pollen forecast is spread via radio, tv,
print media and internet and comprises also

behavioral advice to allergics.

Weather Senisitivity (WS)

Data from a recent German population survey

show that more than every second German

thinks to be weather sensitive, i.e. develops

symptoms on days with weather changes.
Many of such weather associated symptoms
and diseases cannot be explained by thermal,
actinic or air pollution factors. Therefore other
still unknown or not yet as such recognised

factors must be the causal agents. As proxies

for the causal factors weather classes have
been used to characterise the phenotypus of
weather. There are many classifications in the
biometeorological literature. The common
features they must have are that they should
be related to health and well being, be
objective, quantitative, representative on a
regional scale, predictable and universal (.e.
applicable in similar climates). The German
Weather Service has been using a 5 class
system for some years now. The definition of
the 5 classes and significant association with
symptoms and diseases are shown in figure 4.
In this figure more symptoms on days with the
specific weather class is indicated by “
“ (negative for health), less symptoms with “+’
(positive for health. From this figure it
becomes very obvious that especially the
weather classes in the area of influence of low
pressure systems (classes 2, 3 and 4) have the
largest influence on health. The German
Weather Service has developed a routine to
classify the weather classes by objective
meteorological parameters and their changes
based on routinely calculated paraméters in
the every day weather forecasting. So these
biometeorological weather classes can be
forecasted for the next one or two days. The
German Weather Service provides this
information including an interpretation on the
expected health effects on a daily basis. These
kinds of services have become quite popular
not only in Germany but also in many other
They allow weather

sensitive people to adjust their activities or

European Countries.

medication to the weather condition.
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Weather and Diseases
Statististically significant associations

- adverse +beneficial
Weather classes 1 2 3 4 5
Migraine -
Headache - - -
Sleep quality -
General well being - - (1)
Accidents -
Blooding -
Thrombosis -
Inflammation -
Hypotony - -
Hypertony - -
Cardial Infarction - -
Angina Pectoris - -
Cardial insufficiency - -
Apoplectic Insult -
Asthma - - -
Chron. obstruct. Bronchitis - - -
Chronic Polyarthritis - -
Spasm -
Colics - -
Phantom Pain - -
Diabetes mellitus - -
Depression -

Weather Classes
1 High (also intermediate)

2 Advection of warm air
(Low ~ front side)

3 Cyclonic Influence
(Low - centre)

4 Advection of cold air
(Low — backside)

5 Indifferentweamer

Source: Bucher, 2001

Fig. 4 Biometeorological weather classification of the German Weather Service and significant

associations between weather classes and changes in incidence of symptoms and diseases

Current new research initiative to find
causal agents for WS

Although the associations between weather
changes and health can be regarded as proven,
the causal factors and processes are still not
fully understood. In order to clarify these in
the year 2000 an interdisciplinary working
group in Germany was founded with members
Switzerland, Austria and

‘Ukraine. The disciplines: represented in this

from Germany,

group are biometeorology, epidemiology,

cardiology, neurology, orthopediatry,

rheumatology, psychiatry and psychology. As

seen from this group the necessary conditions,

which have to be fulfilled by a potential causal

WS factor are the following:

o correlation with weather processes

e outdoor-indoor link (as WS also occurs in
people not leaving the house)

¢ changes of the parameter before weather

changes visibly (many WS patients develop

symptoms one or two days before the weather

changes visibly)

e receptors of the human body

¢ hypotheses of the process
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The proof for causality only can be achieved by
positive results from controlled exposure
chamber tests, iie. WS symptoms can be
triggered by deliberately switching on this
factor. There are two potential candidates as
causal factors in the focus of this group, which
already fulfil almost all of the presuppositions
mentioned above:

¢ atmospheric impulse radiation (sferics)

e extra low frequency air pressure oscillations
The future WS research in Europe will
concentrate on investigating the effects of
these phenomena. New studies are already
under way to find the causal factors of WS.

Conclusion

In order to prevent weather related health
risks, in Europe information and warning
systems have been operational for many years
now. These systems are operated by both
national weather services and private
companies. Forecasts and information systems
can help prevent excess mortality and disease.
Essentials of biometeorological information
should be:

¢ heat warnings

¢ thermal index like Perceived Temperature

¢ UV index

¢ pollen counts in season

e weather sensitivity classes and according
information

e ozone and particle concentrations (air quality

index)

Global climate change probably will increase

weather related health risks in many regions

_7_

of the earth and will make biometeorological

information systems even more needed.
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T, REBETIRE Y BEEET VOKRIT
BT AR EBRIC B RES KT
L7ebDTHENERRD 1280, L BRI
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REEHICE > TRERIBLT D AN =X
AZREEETIC I 2RBEHEORE uk R
REESETEZEBALDICRSTEN, ZDAN=
X AREET B HIZiEA Ty bELTKRR
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LRBETH D LEZ TS, TRERHER
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Development of the method to get a good sleep by exercise and hot bathing
-- Effect of body heating upon a sleep ---

7

# 48 £ (Toshinori KOBAYASHI)

BRAITEXZEMBERNEE ¥ —
Ashikaga Sleep Research Center, Ashikaga Institute of Technology
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bz, BEOT82 0 LITRL T, BEZ%HEL
LW RBERINT B,

EBHLZAEMELWAEORIZIIWVWSLEVE
ELNTLLEVIEBEZHELBFE-TNSBS,
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24 %) IR LT, 3o DORFMH CEBI AR L,
HDEB) ME: Morning Exercise) IX#2K# 07:45
Mo, ¥ F5OES) (EE: Evening Exercise) it 16:30
MhH., £ L TH®DES (LEE: Late Evening
Exercise) i% 20:30 225 & L, FNENH 50 D
BiGEY SEB 1T - 7o, EERE I IHRE E Y
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threshold) VA B RWVEREL L, &iES)
M3 1 BRI T—o D&M % ER L T, &5 3 EM
DESRHIM 221} o BB OIEFIIERERGICT v
Frl L, BlziX, HEHEHRETIE, F1LEEN
& 77 OES, % 238 B AHOES), £ 3BEENKRD
HEB LRV, A 3BEMEERICE L, FEOK
BR AT ¥ a — ik, Bl EEOESHOBE T,
HERE T AR DE, EBREIZ 20:00 (IR L T,
23:00 25 23:30 DREJIZHLK L. B H D KREH DO
07:00 2> 07:30 DREICER L7z, AREH OER%
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LTh5, 07:45 H 5 08:45 DR TH 50 LD B
GEESEB2To, Z0%, HIRE2EY, B
ITEBEE L BEOREICRL L, Z O 1 KR
BICIRK 2 EMK (KS S : Fl¥RA¥RSHAE
®) TRIEL. RFICRE% (EEG, EMG, EOG) @
RYYA)ZT57 (PSG) ZgiLeg L T, &M
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LRI R ¥ 2 — WV TEBRK (the experimental
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RIKDOEF, F 2 XER#ERFOE T, F 313K 8H0
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fR5, IDESB L 4 FIIF 2 L F 5 CEERE TH
S TRV BERERORT L ABRBRICIZRL RV
RE2EZTW3, Z0L5 I, BRENLED LK
DIEBYH D 2 > DES G X v ERO.LEAR
HAERESHEBEBLTWBZ EBb2M3,
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§ o BEwring
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st Evening
Bt Exorcise
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*F1:Daytime eloepiness in the moming
F2:Sleep maintenance
F3: Aoty
F4: Sstisfaction of sloep
F5: Ensagf poing to shoop
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(RIZEEIR) . 2 LT REM FEIROHBIRICHE R
EIRBOONRP ol ME—RERERNRED S
NIEDIIARERTH D, TOBRER 21TRL
Teo ZOBIZRT X D2, HDEBISEML I FD
ERRGTIIBAETITIE 9015 2055 =E
LTV b D ROEBRMG TIXLED 5 4381
BTARLTWVW3, Zhi, HOES) ) EEIRRE
EELLEMITETVWARZLERLTWS,

CORRDERICH D H DL AT LI
BT 27D, HRIEEIR 2 & BAY AR L7, BEIE
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T HERRR6EE DIRWE AR ST (0.5 — 4.0Hz) %37 — R
N7 MEETHREH L, ERERIZ 4 S RIEEERED
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{4 CHEBR AT OB DRI R 53 D 2 efF L
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ZDERBPEOESHERGETHo L HE LIS
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R MERR S HEIRAT - S P LTHET 5 2 L,
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IR OERATE~DEFRR N2 2D, £,

PRI FEIR DREIRAT -~ DEF B IR 15 o)
KR E LBBICER L TWT, (92 HEm<
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B IR RERR 0> HBR 43 & B U KRBy 2o gt
EEOIILHBHICEFELTVWAbDLEEL
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Sleep Latency

10 [

o 1
Morning Evening Late

Exercise Exercise ng:g:e

2. 3DOMEBFH T THRANEER D EEIR 65 (Sleep
Latency) D Ho$
% :P<0.05 by T-test.

LOREREELITHE LIBT3 7012, KIND
BB 2 T MEBTEBIORB & L TOLEES S
RAWT, ARG 2 EXRAERERNICHENT L, EBR
M DERBERRS> (8 band EEG power) & BN
DR P OHBEREZ BEERH D 2 BRI TR L=,
EDOREBE 3 THD, THITHBFI L LT, R
ZENTHEERN LW OEBFM L HOEE &Mt
EZWFNIHTRLELDTHS, ZORERB L,
BOEBRHE TIX, REL THH, RERSB LR
FTHRETIEARYORMEZELTEY , $-RKD
NU—BEFRIZEY,. Zhicx LT, BROESE
HIZBLR L TH D BRER O VPR EEICET S ET
DA LB OB DOBEBI Gl & B L EFICE
VBER L THHELHIZEROREESDHEL T
W5, BRMREROEBZRM LT\ EEbh3
R-R intervals iZ, EB:OOEBILMH T, FEFE
BRESRDETICHERZELTWBDITHR LT,
TEOEDESE)TILR-R intervals 2 ABRDET D
FIRDBBEICKRE Ro TR Y HEMEROERH
RBHRREALD OB RBHRREMICERLE
fELTWB Z LR IND, Zhit, BET 307
25 BEICBRTEE A HEED & MEIR ~A0H I /HA L
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KL T, SHoEBLRMETIX, ARAO RR
intervals B/h & < | BIZBMERELIZ 2RV
TEERLTWVWB, ZDOZEXRERLE LTRKLT
HLARTAETIIRHEIZELEbDLEEXLLNS,

RADEBH
L 2 IR (8 band power)

3. WKk 2 B REER (Delta band power of
sleep EEG) & DEBEIRKRMDR-RUBOER
LERHOBEH LM T CORKERO HEBE L B RAHE
DREL LTO R-R BIROLESR)., TERAROEEGHEMGTO
#RIEFER & R-R RS

AREROEHEOFRE 2 EFBEGH OB AL LR
T B0z, BOEBOEZN OELEK, AR, %
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7eDIZ, 3 A DEAER DR UG OEEEER D F
Wil (T, %R, ZOFEHFEICH LT, EHHL
ZEBOLEASEA tCL L, TORER, BDOE
B X 3 BB TIZ. BLNOEHE (T,) I
2 LTHIER 0.5CHUEER LTV Z & ARER

&hi- (A t>0.5C),

Iz ARAT# OFBREB OREEE 2RI 2
7o I, ABRAT 2 Beff & AR 2 Bef O BB D
EBESE (C/hour) % 3 SDEBIZMAR THE L
7o TORER, BOES L & 57 OEBZRMETIX. A
BRAT O 2 B TERARLNT TR L AR L CHE
RICAS LEBITAEIC TR L, LERoT, A
IRAT#% 2B OBEARICITIRE RENBD LN
2o ZAUCK L TR OEERMA TI&, AIRAT 2 R
DRERER L ANE#% 2 REOZhARIZER L TH
o, ZHIE, BlE I FOEBSRMETIZ, ARLT
DO EBRNBEICTRET D5, KOEBTIX, AR
R GBEIC AIRIC L ERIBEAEIC 2> TR . B
DEPLEENBEICTREL WD LERT, Z
W, FEREOREN O bEMIT O, 1FLAY
DHRE T [ROEBOHRITIERICIRLS 225) L
IFEEEELTVS,

UEozZ b, BROESIER 2 —BHIC
0.5CUEEREH, EORBE, EBRTRIZKE
REEDOTRAREZIEY H L, ZhBARERZE
MEIZTWBbDEEZBNS,

2. 3 EBHOEEREHR

EENC X SHERDEZR ZBRAE L 7=/ R, EH
PEMT I (F4I00) IThoT, BREEHK
ETH2000HNIE HEBLRVLDOLHBZ LN
HA LT, SIOBKERICERTSATLLD 1
FERIRREE EBNIX, BMORSKZKE < L, BOMER
EHLSEDFREENRDH D, TR LT, yRHE
1BER %D 5 2RERIARR LRI EHE L =R Ui
EoOESIERERZARICEGIE . Bo&% L
< Lz, & DICHRIEHEIR % BERRATEICEP SV T,
R X VERTH I ENERINTZ, ZDX5 R
RELZADERITIIKAITRT XS ENC X 3
IERGENROBHARENERNBHEETE L
19 Fhid, FEOHEA Y XA THREBSEREER
ICE L, TRAAAICADERNIC—BEIC S A mE L
THBR%Z 05CULERSER L, TORKICKER



RO TRARNFEAET B, Z D RRERANC By
187 (Heat Los Process)Z{EY . Z i)’ H R
F DB R B R EL DRI % 4 A AIREES %45
T2, CNBEARZTZSHIEERLOLT, &
SEFRESHEETHLOLEZLNBT ¥, &
Bz, ARETR T3 IR A IR AT I LT
HET 20T, BIRIZL VIES RV, SR L L
TORBREYUEL BEOKEOCHEEZMEIES
borkEZLNB 10,

Body Heating
SWS
lf Sleep: onset I
Heat
loss
meal process
~

Slow wave sleep (SWS) and the heat loss process
before a sleep

4, Bk IEEWREDRORBERENER
SW S i3#RiEEEIR, Body Heating:BEEhiZ & 3 & iiB#a

3. ABIZ& SR

ABIT X 2 FEMENHERIC S 2 2B R
THEDIZ, ABD 3 BEOBEL 20X 1 3
YT EEBIZLUT, DX D I AR HHEIR % tEd
DOMPITOVTHRET L 72, #BRE 1L, BRICHE:
BATWAIAZEBOIRIR L ABIZL > TRIR
HmR L ORESREINTZNE D > T, ABDOIER
HEDREBRIEL =,

3.1 £ B #F &
A DRI, 38°C.40°C. 2L T42CL LT,

EFNENERRE. PRI, miEW L Ui, ABEFRR
X1 0T . ABDOERBITBORE THIZENS
EEWMERINAIWRE LT, FAIVTIE K
M OESHAFICEROKEDRSKEIBOLR
TeDT, YR% 2B D 20:00 (Timing-A) &.
REDEETEL DAL BABT HEL D 21:30
(Timing-B) ®2-o& L7,

EHOEREUEDRICBW T ARICKESINT
ARERICER LT RE 1T AIREBRSES T,
FEZENBD 14, 10RFIHDOBD14, 30
REBIXDEIOBRLDILEZBRR A TSLEL
oo B OIX. S RN IR 72 B F KA TR
EHILEE > TERIZBIM U, DI, ER
WCASHNC FEOER. ERAB LT HA L,
ERO~DOBIMEATIRAELZ/THO. EREH
LT,

EBRIZ, A B O®ICE#K(BLN:Base Line
Night) %7 L. KFEH L AR AWK, LT
KEHIMREDERNOEETE O, FL
T. kFBBIZ TimingA ¢ L6, KIEBIX
Timing'B TABW T3 X5 L7z, #BREICL-T
ZDMEFIEZ v ELE LT,

3. 2 & B

B 5 &KX 6 I BE 2B ER L, 206k, Bt
RLTHLEML ETIZ 1 BRI L2 ET 23 AR
RELEREOHITH D, ThbDRIE, LEBICHE
RBER (ke 7/ 77 L), TERICHREMER (6 Band
EEG) %R 7 O®REERST (0.5-4.0Hz) O
U — A7 MNVEEOHBL 2B L RIEIER &
FROBREERLTHD, £7. M5XBLNT,
AR D3 —BFH 248 X TV iz, Z OFEBRE IXRLR
AR —BHEIC ER T2 L WO EHEABR bR,
Zhp, RET, AIREBREZERLTVWE X SICE
Abhi, ZOERE I LT, 38CTITHRER
BRXEDRIIR LN 2Ho7, 40CTH, —@
PEC AR LT 7223 B RIS AR 35121 1 RFRLA
EEELE, LT, W61, 42COABTAIR



EBRAL62ICRY, BMICERLIZbDTHS,
IDELEIC ABIZE>THEREBLN S EDfR
ELRLENZRELIEER, 09CThHoTz, =
NEABICL 2 HERABIC L > TEHEEXER L
Blmil, TEhEAtTERLE, BYVYD 4 40
FEREFICBELT.RALE RBRAT. ABICE-T
ANRERRED X S ICHEBEBS NP ERET LR
BEHEEOERE ZRV R AAEBOHR
FHT, AtH0.5CHD 1L.OCIKEHIIT, ARER
TEBICEM L, A t B 1LOCLEIZRBE, A
BREREN B L NICHARTHICIER Lz, 2R
bhi=Dix, HEA 172cm THEHED 50.6kg &\
IR EEROPERE Tho7=, £, 174cm
T 93.7kg &) BB OFEBRE 1T 422 COHF KR
BATHA t B 05CLULICIT bR,
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6. @5 LA—WRED 12°COEHIC 10 HMRM o 1=
580 L E0RMER
H DM RBHIEXS R,

3. 8 ABICKIEEREHDR
54 DHEBRE I3 LT, 38°C, 40°C, £L T 42C
T1 0D ARZFH TEM LRER.ABIC
XAEMEBOLER (A t) 05C<A t<1.0C
ThiiX, B LN TAIRERIEVEREDRS.
ARERERAFRICEHE LW, 20, ARXE
BNl o T EHERABTARBKESKET
BT EBALNITRo T, T, HEA b ARER
RO 2 W ARBRSEVERE T, YD LS
RIEBBISTEDTHA S b, ABIZ X > THEH
RIRA 05CUEERLTH, ARBERICIIKE R
BB bnhofz, LL, REERICKE
RELHRRBD b, REOHRENEROBIRICE
PL, —BOEFEELEML TV, ZDXDIZ,
e DMERICRENRD b RWVRELRERE T
b, AW X o THREBIROBMAE b6 Shi,
BREBROSM THIN RENE L E-oTHERT
5T L. KB E OMRIEEND L 0 IVREIRER
2B Z & EBKT 50T BRI E~DKENR
BEOEPRIBVREBRLEEL-EELEETS
bOLEZLNDS O 14,
ABOBHRIIIKRERBAZEIBO LN, BM



I (Body Mass Index) #%31.0 &\ 2/ v AR

BRI DBERRE T, 42°CTH A t 28 0.5CLLEITA
59, AFERAREBROEMIBD bierrorz,
Wz, BMI A 17.2 &£ ) BRI OHEERE T,
40CTHA t B 05CLLEICAR Y | AIRERNSE
Ehiz, LL., ZoEEHOEgBRE T 42CTiX
AtR10CUEL2Y ARBEZRKEIEEL,
EERICHBRLTRES AREBRSERLTLE
ofe, BEELIEHROKRIL. BHES. HRE
BREVWERHOFREICHEDRER ERZXE3
i, LY RERBBOSEMBESLETHY, £
B EEROBEROFEREITITL VRV EBE
THRVTLEI ZLEEKLTWS,

RIZ, ABMODF A IV T ThHDHH, timing-A
(20:00) & timing-B (21:30 ) TIXFEEHER~D
RENRRR o7, A UHERE TR TIRE T, fil2iE
42°CT 10 ZEIDOABETH, 20:00 TAB LIZD
2 21:30 DA XY HIEREEIBEOE VT L AR
LT, Z OBMIIEHER OHBRE 2R< 44 0%
BRETRDON, LEBST, DR2VWBRTHE
BB LR %2 S50 ThHIIE, 20:00 AIBD
timing'A BFFEF LW B OND, £z, HER~
DR TH 525, timing-A TH timing'B THEIRE
EHA tH 05C<A t<1.0CTHNIE, HERIX
HEINE,

4. BB EABIZE HRMDOEEMEIZ L B
FEAR DR ENROFMEEFHER

BEDOEBDF A I 7 b ABOD timing-A b,
EEER O B BB RO R FIBL b TRAEIC
BlTHLZAIYEDZ, ZDFA IV T IIREMA
WETIIEBOBR Y XLDTREAMME L S, =2
T—BEDFEMBEIT S & | EIR~DORELHEHN
BOOND, #iZ. AIRBESKESKEESO, B
DENRLL Y RBFFEEERATEICES L TH
BLT. BVRERRAELN, RAORKENKET

5T LBALNITRo T, ZOHEEMEIZ X - T3
TRISNIBKRATOBRS L LT, RO TRIE
NEEMEE L2V BICHET S L . EbDTAE
ThdZLThd, 2%V, RIKATOEHER DR
BHRETREGEREIOWITENORE HKEL
TWHIZLEERL TV, Z OBBECER S AR
BEZRKESUBLTNE LD LHEREIND, T2,
HEREHELE LTHLNTWA AT b=V OBBE
B & IR OBE B shiR & BEIRAE O B AR 24
BI2L KEXRTRAMBIZAZLEAT =gy
WHHBEDLWVWHIBERBRONEY, Zhbn
HREFEMOHET D &, ZOEBRLARICL B84
MBDH A I 2 71X ARIBRO FTRALHBIZA BERIC
MBI HDOT, ZORICBZ 28 MEER IR T
B3I bDLEEZIOND, INBNEMNEERR
KL, BEZLVBELTEIbDLEZDND, ZD
X9 ICRBER A % E S X BB ORB ORKEER
DIRTMMET LLEOEVWKELKBERTDIZ L
NAEREEZX BRSO,

UEDZ &b, BEAEFOR T, BEHPCARE
o T, HEITHZD LEREEZ T T, EBRE
WETHZLENTELZ LB BEMICRIETE -,



5. &M

D vy §7°) : BIROMRFE-RY ¥ GRRAERA, Gtk WEF @) :117-141, 1991

2) Feinberg I. Effects of maturation and aging on slow wave sleep in man. In Slow Wave Sleep (Pathophysiological and
functional aspects) edited by Wauquier, Revan Press, New York: 31-48, 1989.

3) BriE, #LEBRE RE EIRORYE, HAEE, 2002

4) Horne JA. The effects of exercise upon sleep. A critical review; 12: 241-294, 1981.

5) Horne J.A. Minard A. Sleep and Sleepiness following a behaviorally active day. Ergonomics, ; 28(3): 567-575, 1985.

6) IHEE. EEKY Xb0oHT [52) —BEETANLOTT v-F. FHES ; 32(12) : 1367-1374, 1990.

) B, HRIAE, R, FERE  RENEBLIRY —EBOS A IV LEROREE - F1 7 HER
RELS VR Y 2 — LRSI 144-147, 2003.

8) IHEE  KARAR -V IC X2 RFRIREMOR, RRE, #LERR RBE EEORY, HAEE62-66, 2002

9) Kobayashi T, Iguchi, Saito Y, and Uchida S, Yamamoto T. Effects of daytime activities on sleep qualities. Comp. Imd.

Engin.; 25. 431-434, 1993.

10) /KB, Afkvarid DB AMOBEIR, Y275/ #8015 :38(12) :651-658, 1994.

11) Kudo Y, Uchiyama M, Okawa M, Shibui K, Kamei Y. Hayakawa T, Kim K Ishibashi K. : Correlation of circadian
sleep propensity rhythm with hormonal, temperature rhythm and sleep habit. Psychiatry Cin Neurosciei ; 53.
253-256, 1999.

12) Shapiro C. M, Bortz R, Mitchell D. Bartle P, Jooste P. Slow wave sleep: A recovery period after exercise. Science;
214 (11) : 1253-1254, 1981.

13) Rechtshaffen A. and Kales A. (ed)s :A manual of standardized terminology, techniques, and scoring system for sleep
stages of human subjects. National Institute of Health Publication 204, US Gerverment Printing Office,
Washington DC, 1968.

14) Yoshida H, Ishikawa T, Shiraishi F, and Kobayashi T. Effects of the timing of exercise on the night sleep. Psychiatry
and Clinical Neurosciences; 52: 139-140. 1998.



ER TORELER X HHICRVEBH

FKHIERI
W RRER LR - RIEABFHEE

1. [FLE®HIC

EATERY V' — b EFEERTWBBETIL, 1
& A EDHER 800 mA2 D 1,500 m DRIHIE LT
W3, #H 1,000m LXALOBEROBREIX. Al
STHRENTHD LEDLNTVS, £/, BROR
BIIRRBEERDDZABEL | BRICEIT 5 5RE -
AREBESHLBEAIITOA TS, LML, BRESE
BACE X 558 % AEN»ORFENITR LT
—H—XEL A LR, EZ T, EHIRWET S5
B LEBEZTIHEAICTONT, #K 1,000m LU
OERORENS, ADLLIEIZE 2 2HEBEHL N
KT3I LEMADOHBE LTz,

2. BRICEMFET 2R

1) B

‘R OREIZ I, —RICRSLSEZREL S
¥ LEDNTVEH, BRRESRERICADOLLE
FZEZBHRICOVTIHAL NI ENR TRV,

F T, R 1, 000m M HH I EHIRIEAE T B Z & A8,

ADLFIZEZAPRIZHOWTEEHEELH
U"Cﬁgﬁ%ﬁfiﬁ TCO

2) BBREL LOERFIE

BRI, IWBEMAREORE R ETRE 144
& L7e (R 1922 %) . EBRBATIL. (B LT
FRFRANOILEFRFEAN Bk 270m) LEit
& LTILELRBER 2 EFTHEN (8K 1, 050 m)
D 2@ L Ui, SBRAEIX, i & S ERRIC
2 [E-303 4 EWTE L7z, 1 [EDOHFERRE I 4 BERY
T F—HBE OWERMEFIZ 4B E bRCIZLE,
AR OWERRON. KO 2 B ZZHH L L
oo BT, FREIIN LB FEABRShoks
T, ZROBHALZ T, AEE. MR2ERCLESE
BUCREA L%, #EE0R TR, E3FEROL
R—FE2EL R L LTEHITBI LB LW ESNT
LARWZ L& Lz, ZEIKT %, BRETAER
BB L. £FBESORIENMTbIT,

3) EEH
EBRII, FRIBE10APOFERI4FELAET
DEXRBIZITRR2 T,

4) BIEHEEE

HEBRE DRy 2 LEFEFAM POMS (Profile of
Mood State) # VT, HBREODARLZORIE
LARRZMHZ OCHERAEAM STAI(State- and
Trait-Anxiety Inventory) Z AV CTi~7z, £
BE UTHIR, ME (HEHE, MEHE. ¥iomn
E). D, WRLONERN (PMmHE, Bk



INHERFREFLER, FERER, SUSHERE. 50%MARERFR,
B RS, NEEEE, BUEEE) . EROWE.,
R P WRGRE S a7 Y v A(sIgh) Rk L7z,
FIRFIC , RE L R E HBHE L2 BERORBRB LT
MABEEZRREMH L LTRELT,

5) ERFER
BIE L7 20 DFBEON, bl LK & ORICH
HABEEZROELOER LITRT
AR DN, BEFL O RS DI & #iER
EREHMLERE CERICERSZ LBbhoTs,
DEEE T, REBRE FAEOR R THRRESE
WTWARR) ICBATICRFE L ER R b,
KiZ, BIELEHRENLRIEL L<BEELTE

L3230 T 57D IELZEEERLE L,

KUELA DD 19 DIBELFRALE L ¥ 2 BERF
A EATRo T, TORR, BE LRBARIXE
LIKBEETHZ oot (R2),

F1 BB A—F—0DF

#k (m)

1,050 270 L} v &)
SE (hPa) 892.7x+1.1 978.3%0.9 p<0. 0001
BE (C) 23.1+£0.2  23.8+0.3 p=0. 0421
BE (%) 52.6+0.7 41.6+1.3 p<0. 0001
HGEGERE (nm/sec) 4.53+0.2 5.18+0.4 p=0. 0229
BEHEE (m/sec) 3.07+£0.3 4.16x0.9 p=0. 0427
REBFR 41.0+1.5 44.5x2.1 p=0. 0103

(n=28) (n=28)

(THEERERE. HHOFBEOH L LOOHER)
R EERSHOBR

ﬁEW%WMﬁ@ﬂ% R=0.53, p=0.0024)

R#(B) HEKEP)
2 -0.763 <0. 0001
REFR 0.29 0. 041

TDXDRERMD, ¥R 1, 000mBREDOEHIC 4
RFEHET AL TAREMET L. Z0HHBEDOD &
DL LTERIZHERTREMENZ L BZEIT o
5 (®1), JJELBE L OMEIX, ERMBTO
KBEGERBLIEBDTHAS D,

REEFR

o

Y
l___*_l

892.7 978.3
+1.1 0.9

A& Sk

&« £ (hPa

1. Eh e BBDOREDEL L RBFR

%ﬁ:uﬁfﬁké\ ik 270m, #oHh : BREERI LRI,
1:
(& % 28 BITOEHE L EHERELRT, * : p<0.01)

BEAOXERAIE, L LTRIRBHRIZL -
THIEIZNTWS L END, Ml L E#SRH L
THRHERF DTG A—F —IZERHEZ LT (&
1) KREDENEALE L R 5B RBHEICRE
BEXBZLERLTNS,

6) & : BE~DOEMHEDOHE

¥k 1,000 m LA OFEFICEMBREL 5
& ¥k 300 m AiTtE TR CRENA Z L7276 & X
T RBRLZOETERL Y REWI B0,
KEREHREBRIBIER L2 ERIRIT LR K
ELREBALZOBRELBEDLY 2o T\, A£H
BE T EILOMERF DT A —F —ICREL



DbV BRI, BELOIERSIX, £L LT
BIRBHREROEB E KT 5 L STV, i
#1,000m LXVOKERRRZOBET2RET S L
EHIT, BIRBARIEENC BT S LS h S,

K[UEDETHBIZBHREE 2 RE T D Z L3,

Y U SERDOEB G — L DR D bR EIN T
WD (BZIRBL KRR F A v F— AT 4 FIVEE,
1997), SEIOERIZI Y, BFRHIKOKEL B
HRES L OBDL Y R TH I RBMREBLZ L
NTEE (K2),

T EUEVRE

i T

REAEREORD

BMZEAERUORS

«SH 4k - R

GHiEHks . MERER)
- HERS
= YRR

- DR

(DA, DK )
- MRS (L)
- FHRINI

2. BRBEICETIREDHR (REFH)

3. BRTOE®RHEBIER LR

1) ARy

BN TRAET HTEMEERE (Oxygen Radicals) i,
BIERAERNICBA L-ME 2 E2BRETIEIC
bELND 2 CEKBEHRGICED S — 5T 0%
BERSRICEEL A, BRE(LERELZY | B
DFERICEO-V T3 e¢83mbhTng, &

BPOGRIIKRRICBREELEL L, Z0), &
BIth O AR DTSRI, RO 20
BULEICET D2 b5, BRBEREIEMNTH
i, BN TOEEBRORER LML, £ENRT
T HEER AR b U ADBEKT B, mRILER & K
[EAEV DT, BRBEIMEV, BRBENBEVE
RCEBT5BE L . BBRRENEV M CERT
BG4 L T BB R X CES % OEEBREORKA
BEHBRE L,

2) HREB I UERFIE

TRE L LRKRZOESTICHTBT 2B FFE
134 & L7, ElbIT, 21.310.2 5% (EHEERE
|E), HFEIX171.2£1.3 cn ThoTe, EBRBF
X, FRTREBOILFIKFEMA (8K 310m) &
HEREX—7HBoN Bk 1,300m) OF—7F»
74—V & Ui, FIRERIC L Y B4 O%RRE D
BRUHEED 10%L 25 E8MELREL, R
TRINDHRECER X BIEET VI A—F— |2k
v 1efAR L7,

3) EBRH

EBIT, FRk 14410 A0S 11 BT TER
F— 7 HBHPN T 3 B ILFRFHEAN T 3EITR
ST, EBRB OERBFERTOEE, AHBE, K
ExE3ITTRT, REUNDOEBITZIER—THY |
ERAOBREVHEE TH o722 L BbM B,

4) HEHR |
HBRE O LY 1 R TRIE L -, SRk &
SREUFIEE (Sp0,) % 10 IR CTRIE L7z, EBID
Al CHERE DMK L R AR L, & 4 (ORT 58
FRELE, JVTFURRARIARX—R (CPK)



i, BEHMIRPICEFEET 2BR T, MIF CPK 5%
O EFITESH B X CZOMOERIC L Y MR
RIGEORE SICHBIT B, BB AKEER

(LDH) 1%, fHPY. AFHBiZR & & & AR oHMAa
PICHFET B, i LDH G0 LH T, BB LT
ZOMOBERIC L 0 HGEE BT ZHRHBZIT -
BEOREIZHLHIT 5, FRERLIEE & R iBEk
{LIEEIX. FA AL EY —LBREHE LTREL
oo NAFEY X, RORPOMERE (NES T
EV) ICHERT AEREANLICALTF T P R—2R
1 (OH-1) BMERATBZ L& > THIBTERTS
EYNVECHET D, EERBEL LI L B
BIER FLVRERITD L BEBOBR~LLF
VzR—R 1 DEEPREINDZZ LT . EULE
UHREMUL, EDIHNALFEY DR PHERED B

myaZeBdMmohTVBE, 8-/ FaF-2 -

FAXTITT ) (8-0HdG) ik, BT 2K
TRIEEST =V ORBED TH S HEEShI-#
BEFERYBREEREOBEICIVERTE
NG BER b U APBIETFICE X BEEORE
LLTHWLNRS, 17-f FaxyailFazxs
2 (17-0HCS) X, BIBRIENOAWEINB R b
VATRNLVEORBEDTHY  EEMBZITH X b
VAEDBIEL LTHWAZ LB TE S,

*3 EBRBAOKREH

BE il
fm(°c) 21.0+23 21.7+0.3
HxBAE(%)  34.0+3.0 32.3%+1.1
S E(hPa) 868.7+4.8 974717

REMBEMO T EEMEREL TS (n=6)
IO OB, EBAETR THRREOKESL
HIE LBAKBOREE L Lz, HEORI% T, LEHR
EF# POMS (Profile of Mood State) # AV THk

BREORSOEERAT{L LT,
x4 AIEEB
HE il SRR
DUPFURRKHA X—REE
. ( HEA~DX kLB
]
AEBARBIREE
4 W) ERNOA VAR | s onicsmn|
Z BR{EER AR ORMEE
) OMBRREOMER
BEMCER HAOEROBILE
R RAFEYY FOROSBEMOBLE
; 8-} W;‘Z 8/ BIEX b LRE ERMNROUBMER
) 2
17-1\¢ FaFxsaiFazxsFay A PLRKIILEY
(17-005) LEADR FLRE
18p X¥ * * 2% * * *
3&‘: M5
. 5
x 210
3 5
0 0
£t Bit {Eith it
6p X * 2
%‘2 ! ,—l 16
12
Y | &
® N s
B4 4
0 0
Eit Hit {Eith Hih
15 *
2]
R 9
&6
3
0
{Eit i {Eith wit

3. EMMROKS DL

EHELEEREL TR (0=13)
W E@haT, O:EHhie
% :p<0.05, * % p<0.01

5) EBRER
DEBRE . LEFRERKPOMS 12X > THEEHh



% 6 MEORZICE X DEBOMELH 3 IR,
RR TR 8, BY - ¥E. BILEONEREAR
430%, B & > THEICET Lic, By, E
BRI TR Liehot, ZOZ i, EBc kB
S EREE 5 & DB S L IS Bkt B &
ERL TS, RELEIZOWTIL, EBRHEIC ST
DENBEN., BHOFREBICRELENME» -7,
EHREDFRICHB TR L 0 FEICE) o7,
Thbb, “To&hLi” LWIKSSIX., HEERT
THEBEZ THEBO RN LB’ bhr o7,

HE  FREOEBN B OKEIL, K TOE
B TIL66.311.6kg 5 65.5+1. 6 kg ~JFA L.
B TOEBY TiX 66.4+1.7 kg 75 65.6+1. 6 kg
~BA LT BEORBAEILE HI12800g TH o7,
HREOBWDIT. E£L L TEBIFORITFICLBKH5D

B/%
180
150 |
i 120 |
g 90 | 3 R
60
a1 1
0

b ) ERhik

4. EDWTRODEY

il & (K oD o
(13 A) &{EHE(12 \) OFH{HE L EEneaa s

BRIZED, REOBVEIE L o7 Z Lid, &
SIARTEIICERADKIR LBEIELIL TV
D THD, ZORRIT. EBREOREN BT
Holel LERLTVS,

DS EEC X o THEBRE O LHEITEmMmL
e (B 4), LHREOMMEBIL, BT 242%, (S
T 249% CREDOMICARZIIRD b do1e,

/%
180
160 |
140 |
g 120 [
M| o100 -
i —— &
80
60 *
EEM 10 20 30 40 50 60

MR

5 EWICkHDEMOEL

op s nilolid
{E3(n=12)& 8 1 (n=13) D L I LR R 22 %R 4

i, (ST h B 7 EBNZ X > TRBED L
MBOEMBEZ o 7= LRI N5, DR O
@ (K5) bt B cLlilio TRy, mED
BMICAEEEIRD N o1,

1 P ELERIREE : P DEBHIC L E R T R —IR

(7773 VB, ATP) 1%, BEGHIANT
BMRZHERT D (FBEN) RBRICX-TAFR
UENOAERIND, LU, EEHREE A K &\ i
B, BEZHEE L2 (EEEN) fEERIC L
5 ATP EAVEIR SN S, TOHE, RBEHL L
THBRERSND, Lo T, mMAHLEREE,
BAOCHBRREBREH (Tt y sy LT 4
—) DL 25, SEIOEBIAMIC K Y mhELE
BREEIIH 3 fFicmL (X 6), LA L. &S
BROABBEICHBANICL2ERZR LN b o7,
H 1, 300mREE DT ORI OESIL. H0H
BRGEBRESIIRB LRV EBbh o,
VT FURRABRIA FR—REME (CPK &) : EH)
FOFBADEEEDIIEL 725 CPK FEtki%, EBC
Xy fﬁﬂﬂﬁ‘éﬁrﬁﬂ:&)of:ﬂ%ﬁ@lﬁ?ﬁi:ﬁm Lz



mg/dl g
40 ( 0O Wi
30/

L

gzo [

E |
il B
0

ERHAT ARy
B 6. E®ICkZmpIERENTE
LB Hb oD Heit
13 AT OO E LR

ORI HEBEZRD S L 5 REMTIZ AR

o (B7), B8 LIEL S REZBWTHLY
TY U TEITRZIE, S DITKER CPKIEMHEDHE
mBHot=bD LR INS,

lu/L
300

260

# a0}

e

X 180} é/q

[&]
140 i —o— {Ei8

—o— =
100 L .
MR ERyie

1. ER=& DY L7 FURARHDA R—R (CRK) DiEHE

LR DB

13 AT oD FELEEREL T
FLEEBL K EBERTEME (LDH 7&4E) : £FAO XX
ERABROEEE DB L 725 LDH I, (K
B3 T L B HESH T HLEBRICHAERBMETR
Lz (X 8), EBEHZOY L 7T, FHEOH
DEIBH bR o7, LDHIEHES CPKEHE LR
BiICEBgEILIEMLTW b LTREINS,

/L
180

170 [

#
Ha
T 160
=)
—
150 | - mi
—o— i
140
b4 )0 AR
8. EE)IC &k HFLERRNKREEHE (LDH) iEMEZE(L
F LoD L
13 AT oD FERHALIBEMERELRT

Bk MERAATEE (Sp0,) : EBIPIX, BIRMERSR
SFEMET L (B 9), Zhi. EEPOHN
DRECBELZHBET IO THS Bt B e
BT 5 & mtCIIBIMRM OB RN A3
&L VBIESR) 20 B 05 50 0B £ TIRARICE
hofe (K 9), LiL, EBRMENODEEZRD
L. BEHTHLEMTHL@E > LBAIEZRLTY

AN 10 20 30 40 50

MRYFr

9. EHICK SWIRMARRMBAEDOEL

& AR OD L
13 ATOOFSMELFREREETT * :p<0.05

Tro Thbb, RIEME BRBE LEVWEHTIX
BhR M B SR ARFNEE 13 4RI IRV ME 2 R 3708, EE)
I HERERRII T L RIS S . FICXY &

_32_



FTHNTWEZ E¥bn D, M HLEBEEICERIC
XBEBRRONR»o72Z b (K 6), ZDfER
EXRFLTVS,

RE : EBRAT 24 BRI X OVERE 24 BRI DR
BiCBHR AR L UERHIC L 2 EIRD bR
R0t EBh 24 RERIOR BT, EEhAT 24 BERT
WCHAET LT e, BBk OREA, EEHREIC
EELTBLDTHZLIT—RICADATWAZ E
THHIN, SEOERTIIFmM TOEBEDORED
B H K 0 BRE T, EHAIE TREAERESRIE
Shi- (E10), EBIC X BKoELEIT, AidO
IHRBEORVECESEEMTHLIEMTY
800 g LEHEINT VS, KAEEAENR L ThHh
X EBEDORBOBAOBKEVIZEADIERED
EEBERETHDLEXLND, BMTOERIL,
KTBROEIFIZEFICE < FTREMENTER SN D,
Btk 3,000m % B % 5 mi TIX, REDETHEZ
D, EhDT< & (FE) ORRICRDZ ERMb
hTW3B, ik 1,000m L~V OE#TIIZNL S
RAEREBEII RV EE I BND,

ml/day
1500 [

7t
4

1300 |

21100 [ *

900 | —_—

700

BT AR

10. ERICLH5—BH-YDRROEIL

L (RO i
13 AT oDFELRIERELTT

M {FBR{CIEH - ESHERT L B OmKRY TV
O M FEEBRCIEE R E TR I A B EI

Ronehote (B 11), EBPIIEEBRROEL

nmol{ ml

e

BHRRENE

—o— {Eif
- =
25
ERYBT ERyik
1. BB & 3 mARRIISROEIL
AL RO LR
13 AT OO TR SR

BIERIR-OTWVWHZ LIIERICTFRTESZ L
20T, M iEEERLIRE R E \EB O BN BN A
olcEE L LT, EBERZDOFRMTE - iz /- iRl
LR ERES+2ITWEML TV ARho e Z L RE
z2bh5d, HEHBEE 24 FERENCIRPICHEE S h 588
{LAREIZ, SEBAT 24 REFE L Y B S D iTsgmL T
5Z2Eh0 (K12), ZOZERXFEINS,

nmol/ke ¢R/8
65 [

an
o
*

M o B

—o— {Ei8
—o— i

ARYAT ARk

wW
[3,]

12. EBICK HRDBERICIEROEL

LoD Hek
13 AT O DOEEHLE MR TRT
* :p<0.05

RPIBEBCIEE - EE 24 RRICIRPICHRES W
TBEMEAEE . EBhAT 24 RERIC I, B TO



EEZICIIAEISHI L TWie s, il coiEsh#
TIRAEBEITRD N o, i, BHITOE
BioJas, BBk 24 BRI O RPBELATE OBk
BRERICE -7z (K 12), FEHtTOEEDH
EHH% 24 REORESDRVOT (X 10), RE
THEZITR > TH, TORKR, B TOESK%
X 3.6 nmol/ml . {E#hToESEI%IX 4.4 nmol/ml
T, RML Y &1 T OES % I BERLARE 0 R PPkt
BENZ EBbhroTe,

RS A Y 2o EE 24 RERICIR IS HRE S
NlenA A Y X, EHEAT 24 R, @i
TOREBZITIIHE RIS L TV, (i TDE
Bk CIIEBREIRD O o, Ei2, BT
DEBIDFH, EBk 24 R OPREERFRICE
ot (K 13), @i CoOEENRO SN EEI% 24
BREORERDRVWOT (K 10), RETHEZ

nmol/ke ¢#+3/8

18
ﬁ —o— {Ei8
th 1 —o— &t
A
4 *
+ 14
E 1
1) 12
> 2 |1

10

ERAT AR
13. BRI K BRP/IAFEY >DEL

L {E oD Lk

13 AT ODOFHELERBREERT % :p<0.05

1772 o THI= D3RRI FRRIC Bl TOEBHRIZ N
AFEY ORBPEEMA X Y Bhro o, EBER OB
BALISE DR PHRMEH T OEBI#IC S < HIC
A F Y ORPHETE T OEBRICEZ
ZERbhotl,

R 8-NA Fuxi2 “-FAxv /7 v

(8-0HdG) : EBhtk 24 BFfICRPICHRM SN
8-OHdG i, EBIAN 24 e & e~ L T e,
LA L., @t ToES L | KA TOE
BROFPERICEVELZRLE (K14), HEEhF
ICRAE UT-IEERR
W2 X 2 BETF~DOEEFIL, @it COEB O F SR
ThHharZ LBbhol,

ng/ke {*.I/E

260
u0[ oy

220 [
200 | *
180 |
160 [ ?/?
140 | [ _

120

FReh 8-OHdG

AR AR

14. EEHI & 3 DNA ~ODIEERE

[=3: 0w uloal e
13 AT oDEHELEEREL RS
* :p<0.01

RH 17-~"A FoxvarFarsay
(17-0HCS) : EBh#%: 24 BFRICRPICHEE S h
17-0HCS X, EBhAT 24 FFRICLL~, BHERETYH
BT HAEEICET L7 (K 15), 17-0HCS i,
DEHZITDHR B LRADOME KB LTV 5, POMS
FRVWLLEREICL - T, EBRICIIRE AR
RPENBET B EBbhrolk (K 3), 17-0HCS
ORPHREDETIZ, Z D & 5 RDLEAY R 2 Kk
LTWAbDELEZHND, 17-0HCS IXF LV EEE
DHIZHEINT 5 Z BB TV B8, RO
D 10%DESENZ | REEiRIT 2 LV 5 S EIOESHA
L ERE SRV ESMRIE oo lcOHER R b
VR LidRoTWirh o LRI EN 3,

_34_.



ue/ke hR/H
170 [ —
160 TEs
o 150 [
€ ol
Q 130 |
120
1o |
100
ERhAT R
15. BERY=LB 17-N4 FOFSAALFIARTOY

(17-0HCS) D %=1t
AR oD L

6) L ¥ : BRTODES

¥tk 310 m & ¥EHR 1,300 m & THMENE L\ iEB %
AR LT, EFOEWVCE S BRBEDEH,
EENC X AEER P LRICRIETREBRHER LT,
FORER. EENC X 5 BRLIEEOAERIIFMTO
EBEM4TIEL (K 12), BEHEBREIBRETFICEX
HEEDEIE L 125 8-0HdG DA b FEHiGMF T
ot (K14), —F. EHEBR LEE LT OE
AeHRfT+33-60x0bs Y VEVICHET
BALFAEY v ORPHEIE M RHFETE 2o
T (B13), bbb, EthkMTid, HRE
Aobsdryrer(RAAY e LTHRIESH
%) DBEBBACRY | ZOTOHIFEOBRLR
EF~DEERVRPoTZbDLEEZ NS EY
ME L AREBERANLLF S T2 F—2 1 (H0-1)
Db ECIVFRTEREND (X 16),

A®JaEy

AL l Jaey I

i

ALY FS DT R=X (HO-1)

a - EFOFIAL

v
EYRAL DY HEENR

:l guney

16. EYILECDER

HO-1 1%, FHEEOBERTHY ., EBRROREARY
DA M LVATHRZEEEOAR bIREE NS, HEIFP
DEIAR MBS AAFIEE (Sp0,) 2 R.D & (K 9). &
REOFHBH O NUEL EBRRICE DR P LA
EHRHETIVEETH D Z NS, EHGRHF
T, BEER FLABRKEWZ L TH-1 OFH
NIVBIBI Y  ZOR/RE Y NV U SRHNHE
ML EZAZENTES (E17),

T LY BRAL
ARHBRORISHEOET

A 4

C EUnERIORRIE RN
RIEAFLADER

—
. y REFAOEN
[ ARILBRORD ] ( (8-OHdR)YDMD ]

B17 BREECBT2EBEBLER
FLAR




AEBRIZLY, ¥ 1,000 m LAV OFERTHE
BT 32 LDFADVOEDBHALNE 2ot 4H
DEBRTIIER COERIL 1 BT Tholedd #
L CEB TR RS BRI L 8ET
BENDBRNZ L FRRFFBRTCOEY AV UE
BRAMRESND Z LB EHONRT —<  ARE
21T AORERBICED LS REBERIF
FTONEHLNCTEZLIZHABROHHZ L
LRXB, ABBRTREEKEVREESRES L
T

4. HE

IR R, ILBLRBRER R
BEMRBRBIROBRESADOLEEKIZEZ DS
RIZET AR (ERR 13 LEE—14 £F) ORE
D—EThH 3, L£RFAER EZLUTICHIRLT S, &
7o, TF—F —BED-H DR 2R R L TV
POWERX—THRIOE S . FICB» SRR
XELTWEEWENT ERRIEEEFES O
SEWRHELBHOBEERT
WL RBRERFHET  RIEAEEHER
KHER, AFES, KEFESE, EBET,
TR
WELRBRSERFAR M EERER
o o, HEEEE, =L
LR HE ABBER  AMUBFRE
AUBESL, BENMER, THEXE, RIS
AARKRFEER
AL
R E#ERFEHRER
&)\

_36_



5. &M

(A Y

1) AHER. fMEGR. BHES. REWY=. FY LEGKROBERLUS. LHEOHEF LA | 161 104, 1998.

2) fEBGR, XHFER. BHES. &Y O L AREE AEROES LMAERY ; 16 1 103- 104, 1998.

3) XHFER, fiEFHL. AFRETF. FHERTF. RAHY=. FVICI3RERL TOEENYE. BFRERRPEIME
35: S49, 1999.

4) HPREF, fEFR, XFER., AHES, REHY. EBHPORBRSICRIETHFLOEY ORE. ARESSEE
SHERE 5 350 S50, 1999.

5) Tanaka A, Wada M, Nagai M. and Hasebe Y. Odor preference and cardiovascular responses to exercise. Japanese
Journal of Physiology; 49: S215, 1999.

6) Koyama K, Kaya M, Ishigaki T, Tsujita J, Hori S, Seino T. and Kasugai A. Role of xanthine oxidase in delayed lipid
peroxidation in rat liver induced by acute exhausting exercise. European Journal of Applied Physiology; 80: 28—33,
1999.

T XHER, FiEFRL. AFES. AFRF. RAHY=. EBPOME LRFRISLEY. ABOESF LHEMAEY 18!
144, 2000.

8) /NLUBESA, FAFH. EBHCHEIBILHR L RICHT RN EORE. WRKFHIRILRBREMNEL S ¥ —BR
RRRSEE ; 81 44— 48, 2000.

9) Nagai M, Wada M, Usui N, Tanaka A. and Hasebe Y. Pleasant odors attenuate the blood pressure increase during
rhythmic handgrip in humans. Neuroscience Letters; 289: 227—229, 2000.

10) Nagai M. and Iriki M. Changes in immune activities by heat stress. In: Thermotherapy: Principle and Practice
Applicatiions in Neoplasia, Inflammation, and Pain, Kosaka M., Simon E., Sugahara T. (eds); pp. 266—270,
Springer Verlag, Tokyo, 2000.

11) /MUBEL. AR—YEBHOTRIEBIVTIA VEFRY 7=/ — 10 BEHBBITEFNABRLEELRD32? &
11 7 L EWHY A = ARBESHFRHESE 33— 36, 2001

12) Wada M, Sunaga N. and Nagai M. Anxiety affects the postural sway of the antero-posterior axis in college students.
Neuroscience Letters; 302: 157—159, 2001.

13) AHER, AKES. F8E BEME. €5 X OO OERMARIE 4 AMTH L RETHIE. XHE—RE.
pp. 267- 294, 2002, HREEFHMR, H.

14) Nagai M, Wada M. and Sunaga N. Trait anxiety affects the pupillary light reflex in college students. Neuroscience
Letters; 328: 68—70, 2002.

15) fnEBAE. ZUKMHA. AHFER. MERR LIRS, EBOEFE LBHLESE ;20 1 124, 2002.

16) AFHER. ARESH. HKEAS : £W¥7—F KEREHR - T, BRBEAME ; pp. 1666- 1678, 2002, FAEE, X

.



17) fTEGR. AHES., EEEF. XFHERM. RELEY OGS T4ABLEER. Aroma Research 14: 26~ 30, 2003.

B) F2FRR
1) XFHIER, fEFR. AHES. RABY=. FY LEBHKROBRIIS. % 16 HAFEBLEZZWAS, FR, F
FL104E5 A.
2) fABR. KHER. FAHER. FYOBFL afdlE. £ 16 BIAAEROEFESFNRKES, BT, FR10FES5H.
3) XAHFER. Fy L@ FIEEENRS - GRESPIRS VORIV LA R, FR 10468 A.
4) Nagai M, Wada, Usui N. and Hasebe Y. Odor preference and cardiovascular responses to exercise. The Second
International Conference on Human-Environmental System, Yokohama, Nov. 1998.
5 ful BG4S, KHER. FY O L KAEEH—F ) OBRLBREVSIFOBCHECEAZHR—. B9 EAFHS
LEZEERE, SKE FRI0F1LA.
6) KFHER, TABGR, BPREF, THET, RAMY=. FVICLRERLE TOAENERM. 5 37 BB FERRER
=, tLiR, FR11E1A.
)] Hiqﬂﬂﬂ:r’-\ FIEBAR. AHER, BHES. BAMY=. ERHFOBRRRSIRIETEY OFE. §37 MAKESSY
SR&, LR, FRI11E1A.
8) HPBET. FEGRL, XHER, AHES. EHFOBRRELEY. B 76 HAFERFSRS, R, ¥R 1143
A.
9 AFES. MEFR. XHER, REBY=. FVFERDIRICEZIEEL BRMEBEOLL. §17EAXRERD
BRLSEHMAR, e, FR11FES5A.
10) ZX @M. fnEHR. AHER. FY OBFHIILES L RERRICE 2 2RE. AFHRLBFLE 40 BXRE, TR,
YR 114E9 A.
1) fEBRL, FUKEHA, XHER. FERLZLFYVYOME. AAHSOLBEFSFEOEKE, FR, FRILFEIA.
12) XFHIERl, FIEFRE. HRORL2ZFY PEEBEICEX KR, % 77T B AFABEZES KRR, R, ¥R 1243
A.
13) XHFER., MEFR. AHES. AFETF. RSy, EBPOoREELARELEY. § 18 B EFREBRLEERY
ke, IR, FR 1246 A.
14) F3HES. AHFER. MEFRL. BFETF. RABY=. BARERXTHCBTSE Y ORTHR. B 18 @HAFXERDL
HEQRWAE, LR, FR12F6 A.
15) Nagai M, Wada M, Usui N. and Hasebe Y. Odors with different impressions act differently on autonomic nervous
functions. The 27t International Congress of Psychology, Stockholm, July 2000.
16) Wada M, Sunaga N. and Nagai M. Pleasant odor reduces tension, confusion and anxiety. The 27t International
Congress of Psychology, Stockholm, July 2000.
17) Usui N, Wada M, Nagai M. and Hasebe Y. Psychological effects ofpleasant odors. The 27t International
Congress of Psychology, Stockholm, July 2000.



18) fiE LA, AXEA. XHIER. FVBRAEC—FHEETORRICEXDDR. BERIN—FFAF I 7 RFLE 48 AKX

19)

20)

21)

22)
23)

24)

25)

2. TR, ¥R 1249 A.

MEFR, FUKEH, XHER. FRELELHHE. $19EAXERLEESKRS, LN, ERI13ETA.
FHED. MAFRL. FKEH, XHEM. FVBAEC—FHEOR bV ARKKKIETHE. $ 19 BEFERLE
FRAE, LM, ERIBETA.

fEFR, BXAEH, XHER. FVBRAEC—FHEETORRILE 2239% (2). BERIN—TFALF I 2AZ2E
49 [ERE, REE, FRI13E10 4.

MAGR., FKERA. KHFER. BERREMERA. #20 BEARERLEBEERS, FR, FR14E5A.
FIEFAR. ZXEHA. B)IfE, XHE. ROXFANOERAEC—FHEATORLLEBBEICEXHR. B
B EAAEROEZS, FR, PR I14FE11A.

KEHEEE, MEFL. KHER. FURENRE MCEX ZREOABEZHRET. % 21 BAAERLEEZERIRE, o<
i, ¥R 1545 H.

FEFR, KEFEE, KHEA. X PLAMAEOBVICE DR MV AROABRKKIS. 5 21 BIA FRERLBEESK
£, o<, TR 1545 A.



C — 01 — 2005

International Symposium: Influences of Environmental Factors on Human Health

IRIBERDZ( L& ADREER HREE
20054630 BT

i 3 RERREHRREM
ERES >R L 2004 RITRES
H WR:10A23H (£) 13:00~15:30
% B INBURBBERLEMER - k-
8 IIRRREREM AR
# 8B:BHAEARZES. LWRARELHFET., SLOHET, Ly

T 403 — 0005 WWFBRELEHFHET LHEBHFRIAR 5597 — 1
& 0555 — 72 — 6211 FAX 0555 — 72 — 6204
http://www.yies.pref.yamanashi.jp/

R #fistd B R #









