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ABSTRACT

BACKGROUNDS. Hearing loss is a well known occupational disease in workers
exposed to noise level greater than 85 dB; however, the influences of noise on the
blood pressure, serum cholesterol & triglyceride are still controversial. Vibration is
another common occupational hazard. In industry, the hazards of noise and
vibration are usually co-exist.

OBJECTIVES. The purpose of this study i is to understand the exposure of noise
and vibration of aerospace industry and to investigate the combined effects of noise
and vibration on the cardiovascular risk factors and hearing level.

SUBJECTS and METHODS. We conducted a cross-sectional study in an aircraft
assembly factory in October 1998. The part1c1pants were divided into 3 groups
according to their exposure: (a) noise and vibration exposure, (b) noise exposure,
(c) reference group. Past medical history, occupational history and other factors
that might affect cardiovascular disease were recalled by structurized questionnaire.
Noise sound level and vibration were assessed by standard methods in the
workplace. Hearing threshold were measured by pure tone audiometry. Blood
pressure were measured by method of Korotkow with right arm placed in the level
of heart. Serum total cholesterol, triglyceride, LDL cholesterol, HDL cholesterol.
were measured by Hitachi Autoanalyzer and were looked as dependent variables.
The methods used for statistical analysis include Chi-square, ANOVA, multiple
regression analysis and logistic regression with the aid of an SAS package.
RESULTS. The equivalent sound level(Leq) at various working places ranged
from 82 to 108 dBA where the maximum sound level ranged from 86 to 130 dBA.
A total of 197 (27.8%) subjects were diagnosed as hearing impairment The average
of hearing threshold shift at high frequencies (4K, 6K Hz) was considerably larger
than that at low frequencies (0.5K, 1K, 2K Hz). After control of age and sex, the
risk of being hearing impairment in high noise exposure (>90 dB) and medium
noise exposure (85-90 dB) were 30 (95% CI:12.67-73.72) and 9.6 (95% CI. 5.3-
17.31) respectively. The risk of hearing impairment in high vibration exposure was
2.6 (95% CI: 1.28-5.51) comparing the low vibration group. Serum lipid levels and
blood pressure were affected by age, sex, body mass index and alcohol drinking.
The effect of noise exposure on lipid level and blood pressure was not significant.
The subjects of medium vibration exposure had higher diastolic blood pressure than
those of low vibration. The effect of vibration exposure on lid levels was not
significant.

CONCLUSIONS. The noisy environment of aerospace industry is very common
and relatively severe. However, the exposure of vibration is still within the
recommendation. The prevalence of hearing is 28%; however, the effects of
combined exposure of noise and vibration on cardiovascular risk factors are not
significant. Control of noise and vibration hazards to prevent possible further health
effects is mandatory.

Keywords : Noise, Vibration, Hearing impairment, Cardiovascular disease risk
factors.
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ﬁawsw»ﬁmgmﬁﬁ@%m&%&m9ﬁw@MCI5341%)0
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EEHFE 0 RETEREGHERAT - HIRGHBHOD. /)& RIEHBEH
SRR R ARIR 8 3R 3.(<3. Om/s”) &4 2. 6 42(95% CI : 1.28-5.51) -

FhfGy ~hEERLRETF

AIBTLAREHLBRR AT RETFHEREER - SO 4 E 140nmHg
HATFEE 90mmig A L EA LR > Bl 2EH 120 R %0 B EH (5
13.7%) o A48 A5 E 8248 (TC)200mg/dl A L E4E B %44 » BIA 291 4w ey 48 it B
B B ¥ ey (15 34. 6%) ° 165 B A B 8% B 8% (LDL-C) A% 130mg/dl # 4 267
£ (31.9%) » % % BN B &8 (HDL-C) /& 35mg/dl F A 30 4(3. 6%) -

ZtRBETOETARABASETINOtRTBRERB NI - FHATC =8

#3485 (TG) » LDL-C 3498 &t B % » Sob Al IDL-C s B AR > wi ik
Gt EAFBREHER - FRARELEEINA —FTERF 29 RATHL
o B TCHEBECFE BIK(Scheffe K, p<0.001) > M 50 38 24 L&Y
SHE o LDL-C MR A E & F#8 5 % (Scheffe K&, p<0.001) » &
CEIGEE HBE - HFRE W2 SBETBEYRELHLKETEN -

ARELBGER B REAT—FH > FHRAERBRRATREN AR
& S 4r(123.2 vs 116, TmmHg; 82.9 vs 78.1 mmHg » p<0.001) - o /BKE
EHEEF BB Y > 50 RA LS ZARF RN ERIFRERNZRS
By c BEGBNALARGBARBGBENARLKERRAFRBHABEN
BEH ENIHFE -RE -HFLE - HEREEHALEGZKEHN -

EA - ChHTEFLARATFRERET  KRGEE

NIRRT RERBNZBRRERL L RE R B #t &+
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Z T REHR > S4RE6 TC> T6 > HDL-C » LDL-C & s B34 K & T A% 2 4 5
EnABENLER - ENIHRERGBEFHNCLERRARE F0Y
¥FoREFZTREERTCT6 wLCng&&%@ﬁxaﬁﬁgﬁ
MEEmABENEER Eﬁ:’&@& ?%iﬁ?ﬁk”*ﬂbbﬁfﬁﬁb%%’ﬁﬁ%ﬁ%
& EH5(83.0 vs 80.9 mmHg > p<0.01) -

BTHRDECOETERCRE FHRBwE# s THEE - 13 - F 52
FEHY - HEGERIAERLTRIRGEEEN » U5 TEGHX RS -
WA+ T ARG F Fb ey > B w—3R o TCH A 0.8 B4 - HHH
TR — B o TCH Ao 1.8 Bfx - BBR G @EIFHEE BEFF8 > M=k
THRRGHTCRENVELARE - ATCREAMMUASRE RS &
W —FAr o TCREHM /8. 3 EM - BEBHENALREASTCHER -
NRGFEBHTCRABENLE EXZE %&ﬁ%tbﬁﬁ%ﬁéﬁ%‘)iﬁa%‘?ﬁ&
4 TG 44 k “

BEGHEESRBAEENGNG > B — B KERBAFRE S
F3A 1.2 % 0.8 B4 o oM AWGERY BB HEE ORI m4FRER]
ARGE - BE[EE  LRFREBRARGBEEFBRENHE N - ENITHEE
WBERETERSFETRE BRBIRGEZHBEENHIIEL > IR E
EBRRAAABNER -

FEf > RRFZERER

P& & R 0 196 4 AR (20. 8%)F- Wi Fob ey R % > 44 4 (4T%)
A H R R 6 E K 0 384 42 (40. 7%)75 /ﬁkzié’a Fﬁ; > 197 4(20. 9%) 78
WEBH B - %4‘5_&&1‘“&"%&1#&% éﬂbb%@“‘""iéﬂ&ﬁﬂ’o’ %aﬁﬁv% H
AR R 0 8RS R o &éﬁa&ﬁ-ﬁ%ﬁﬁ%&%%Eﬁ)i:/iﬂk%ﬁﬁéif—z“;é@jtt$ » B
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St LeyBRE £ R -

XRAEBELRREH IO ELAE RS OXLFBH 507 4
(50.7%) » AREwHeAotr ~ aBSH A 292 40 (30.5%) » B § Ri@A 275 fx
(19.3%) RFEF R EEHRARAIMFEELAEYBE  BRR T ARG LALR
AW > FRAEHARFBEEK > e T @R HEREH AL o
HE ST L BE ER(RTN) - BRA 234 (25 00)RBALAHE -

ERFEEEIRREH OB ELECE LR SWAFARA 27T 4
(28.9%) > HRAMA FIRA 261 42(27.3%) > BHRRFEEH 194 42(20. 3%)
BRIRA 116 4(12.1%) - £ 1154 (18.3%) B s E R X HE - UF FHix
REARR IR EZCEZE  BREFEATEARSART R G
ek F AR HBEaAAENER HAEMARER 3R BT - KRER
SEMAARABYER - (k++1)

BT H IS LB ER SR ERA 684 (T71.6%) » HR=Z
FHuE 3644(38.1%)  BRREZERA 2974 (31. 1%) » F 137 4x(14. 4%)
BUEFEERLHE - RFIRIEHNFEA I EREZ R EBE > ERET
REARGELER BRARBERZHR R TR ERBEE > 3 43t
LB EER -  MEMERECHRRAAAABGER -

FAN - MBABEAELGER

HNRIEREXIHHE  IBRERFTERANBIBHRAEZTEM3.5%) &£
RAFE(25.3%) * A 16. 209 ARBIEFTZL A - NN it ey 5
ERHFE ARG FERERKREETMEE > B 50%s SAREAH
R E - SENSNMRBEITERTIA BURBALRGY > £ 2URLER
BB AR
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ABREEEB%A TIS A 1N)REVRERHARIK > #2514
(3. 303 & %A WAL - ENRREE - FE24A 377 4(48. 5%) A3 R 4F
PRo A A8 A (62. 4%)BAF G HEX S - #F UG TRFREBER A
70 4 (9. 0%) BA4F 47k | | |

EAR BABERORAREARE

AT ABAARBEGBHIRNEARREIHEEGCANEERSN -8
RETAERAREHEALE  ABABRAOEHLAERAREHEAESE
MEBRSEAEEATELABRABAABHRARE  LERA—KOTR
R

mEBwEAERFMRERBAIBAOEY MBS IEEER
Bk Bk AR R 2 ONEER 6-8 ) ehE > RBABAENRE  fhEBAE
B s 2-4 N eF R 4-6 N RIBABKEHRRARE -

Ao tRBETHEALGERAEEABAIRRASN  EABREOER
HAZAEABRNERIZASG LEEFHEE - EREAEABRARRAY
B4R ATAABRAREREN  EAGMA -8 MR 2NEE L
fefh A EFRT B 2-4 N BE K 4-6 e o ) A B Bge (=19, 7,
p<0. 001) -

B 55 - A8 AK S RIE S 4R K B

REABEEHETAA MBI 4.3 BABIHRBETENT
B EEhtRTHEEERAARPEARARE Y RY > FAERABBEERISHA
RO AAEBRENLEE -

73



MTBETDHE -~ Rk TR K EXEIn~ A% E S0 i35
o B LA 44 (45 4.6%) o & t 4 E » BRABFFRD FZ kol 2RI5
i ARERBIBERSAENIEBANALAAEABHER o
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FWE 3

— %ﬂ#ﬁkﬁﬁ/\ﬁﬁzé}ﬁ

REANBRAHERTUERCEEF 2T M B T HRAF A A ZRRE
FRAEMBABGRARERNEN  BARTE ARG MRd B AR REY
BEh BRBAHBREGEESR WM ARERET M4  KEEEHEAT
BLEBABGHBIHORAIBG  BAEZIZ—eBEEFRS - it
BATER#8 8 TRAGEOWES > o RTBEHBAFET ERPTHR
FRETRAET  RERNKBERSAT - R BERAFEHYG
FRART RE-BAT B T 8 REARKUEZFN(T8R)EREIENFS AL
2 oBARAIHAARNINZRES THEERIMTRRNGE  £9H
W R TRENRNHBIEARE I RENSLE I RARE THRME
TGN BT ERER

BABRAHEERHRABRIN LN CHAFHE I TREERTRAOME
HBHBEABRAPBREITHEE HFREQRYE  EBRIBREECRE
ATAHFREARARMESIFHBEARMER  HWREUFTRERR FRHE
NFENBI B EERR > EFE— KT -

Lafon hearing level index 45 % 2kHz 2 dkliz 9B HiE R A AR5 +F
HEBT > HEwE 2—FHAKE - ARRBTIHFETFRTHE
AkHz e43 h kB 5 n BRAAL THEE R 10-19 55 £ 31 R » 20
FULERIT SR LAEMGEY A AES ¥R TR S ¥RE

FAoMABBEAFEMERER BAELF LHER > THRERTRAKRY
MBERABFTEE TR BEFRAAR; A FRELHNR FTLERFT
FENBBEIFAAR -

m\\-
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S BABRAIHRBRRERGTH

TP RTRBESAIBRIBAEXRLEC SR - KREAXFLE
EARERERS  RRHASELNNERBRTHRABRCE BEM
BER - AFEERBEAATY  HREWRET ek 85 4 RARE R
THREIHE  ABRABABRPEBAERSMELNEBENER £
HAZEENRHBAELAM - MRFARDEEFHBRE > BIRHE
BRI E TR AR BAAAMEROAL > S RARAKIHER £
P A RRE ERELT > EREEE IR NARMAAH BE MR
$ o MBBEAFIVTETEEHRERFRELAT  AEEBRSH B
A 1R 6 Al ARSI R B 2. T4 BARSASHEBANR LY
YE - RHALBRBABAR TRET 2  RHFRNFH stria
vascularis #y 4zt TR MERGENHBER N ELRETHRORE -

BT AR TR SR A T B G BB - REHE - T 0K JE &
Tx -~ MAKEEURGMERRRS  ARIBRON VLR A BRENE
B e R HERRKSREB TR SRR AR ER TR E R
Foh o BBRH R EEE TS0 [23,24] I ARMEAFEE -

R ERARETFREASETZNN

s g B A P K BRI - A Y 2P A 39, 0£ 6.3
B — LU ERANI0E IR ChFERGARRETEHELEE
BB lde A FRRRERER LY c ARERRTRE G ARETF
B AiBE XBREAR T AR E ARG MR BB A E o 50 R e BAT

BRAARFELS 1% RBEEHMENAETETR 0 RA LGSR BT

26



2 LRABANGE - 0 BREREFEE A ABREMGR L > BHEL
BHPE e & R AR -

RERRBHAFEMET LR - AXARLT > LEEE S 200omHg/d]
ZHE 0% WA EBUEHERAS  TRELSGEMRBRA LY
B BARB RGO RE RS EEBarBiTEEHS
35.2% > ctt B 37. 4% HLAFFR AL RBEM -

w\mm%%%ﬁ&ﬂ%ﬁﬁﬁiﬁi%ﬁ

mAERRELEBARYE - MR FR - RREFEREZIDE  KARY
AT AL ERE — RO RERREAARAOHE > BRAEOHR
S FERT R B A A BRE AR A » B RS2 AT MM A b o il
BI04 B B SR SRS A B E M8 B 8K % 4 R
R EMRERAE T VHEESEEAASORE  BESAERES
BN oA VBN A0S A AR TR RN A SR RSN T
o BINBERBEHNITBAFRERERA RGO RR /T EF - =
B HETABRMORSL RS REXLRAREARANAL  EakHE
BHR A BRI ATRARS  EAE—F e -

BEHRERBRS 0 EOMG B0 URSHEE S ORI 2
BT — RN GR R ERRELF BB R - EATE T ERIRS
REXEARES BAREGHBRER - R 5o dofoh5 B 580 B K B RIGH
BT o H A — P IR -

BEEERB S

WERARNERER  RERBOB ML RILRE > HBEAREAA
RoFEFELED P RALGBRETHEAREREL N KHEL 107 ARE



BHBRET BERERBL I -Rf FRESIRENRE ) TEeid

FAN LR Z B - Aot BOFIRRARZFE - FEEREY
HEAHEHZE HPAERBEMNEFE @AW B (80 HA & Aeyrs
HE B FHEIREFTRERMBRIERTZE A THREARRT
U EHE R REARARELIN) > A K 2UHARBEHERS - 24
BRTRMBEDERBRERARMIGOHRE  LERFE ke ERE
HIFEE -

RIF S oA RMERLE > FEEERER > TR 25 £ 30 5 Beyk¥;
MEBFEER > TEM 3545 H Behd » EEFTEAH4E R TRAD
40250 > ReyF E[22] - £ REHFERELBREBIER > FRAKF
BRERITHI - AARXIERBETHF I ERBAGRLGBRBARLERY
BABANBAEE; ENARBAIGEREY > BABRKER)  mboERFE
RERHAZE  RMBABIABRAAR  BTHAARARHELSHELEEIL
AR M AR D R o KB TAT RRMI N b3k BRI S
BRGREARB 0 2ERBH (B RMIR 6-8 ) 8) AL A 48k 2R MAF
BAOBREZEER]D -

RETEGERMAMRKTEIFF LR REBVTAEZHEART >l
YT MENHYE  EERERNRARABEG H LU - AEAHAE
P ik HRAE F-F 4 % EE %8 (hand-arm vibration syndrome)#y# £ -
WA RIS T AR RE R XYV Z eh RS ok ERA K S £ An/S" AT -
M5 e Rl R348 4 D EF A0 3 k#4838 ACGIH iz sk ey . & (TLV) -
Bt ARHRGBMERBABEGALE R OFELEATILL LR
B 85 o
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e £ 353458 & B (Leq) #4 #2 @ﬁ#82m8ﬂm ﬁtﬁiﬁﬂﬁ#
87-130 dBA - &R T Az F3REE(TWA)E 95 5 R > R AF B &ofey
RlA 4 hoF - BHBMTBRZFHRETEIB 2R AohaZruRA
40 548 » T AZ T A B Fa] iR AR 38 sb Y ] MR )

= REET R AR % o TSR - AEIETIE - ABA TR TR

— ~
e

Eg\

2\

BehIRE iR B o R TR RIS S ACCTH sy k3 FRAE
YE¥ B T ah8k ﬂ%%ﬁmﬁ$@k6m@%¥h&k%%ﬁ AR
#AESRE 0.5k » 1k > k)2 B AR AT -
BERAGRE > CHRETRE - RYEE ?# MR % o
%T?%ﬁﬁ%ﬁﬁﬁﬁ@%%m%%%ﬁ%iﬁﬂ~ﬁ%%%ﬁ%ﬁ
BB B hh 3t S 9A Ba 648 ) o Mg %%%ﬂmﬁﬁﬁkﬁﬁﬁi*ﬁ%
%%mm°%ﬁﬁ%ﬁ%h@&mm%fﬁ&%ﬁiﬁ%%ii°
HEDRBROEMOERLAASBA EH Fb FBEEST - £
BRI RBEEIETE BB E Ei%ﬁ;\ B E %ﬁéﬁi"t%’lﬁm@?ﬁ
PA AR o % R 0 8 B IR
%%ﬁiﬁ¥&ﬁ%%%&liﬁﬁﬁ %ﬁ& %ﬁh#%?ﬂ i
A %K EE%&@#ﬂﬁéﬁ%ﬁ%Tk ﬁ%aﬁ?ﬁzﬁ%
ﬁ%&@ﬁiﬁﬁ§%%%;§ﬂﬁﬁﬁﬁﬁﬁﬁﬁm@@d VeSS
R REHGRE - AR L HHa E PSS E -
ARARZERB T IERRBRIGELARBARLERR %ﬁ % /148
ABE;  AMPHTAT AWM ﬁ%%iﬂﬁﬁﬁ@kﬁﬂﬁﬁ
B 2R RAE (B R 6-8 /1N BF) tbAe ARt R D RRERE - AKX
REBN - BnaiIoBRRBIT#E2EE -
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b B IRBERRIES RN ERE R ARG R XY
EERFARADREZERARE - At BERFEEMRB L 478
BREBKRERFOBAGERL R EEE PR RGEE UG
B - | B

b BB TR E R AR M E T TR A AR AR E 3 A H
BB BN A A EEI RS RN RENE -

Yo BIHBARIRBESERTALTEFE -~ FERE ~ 48 0K /& &
T~ MRS SRS ERAR S 0 BIRA IR AT R A B
BWER > BRBENRFLAEREBARKNGER - LARH TR
kB AR
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k- EmEXREREM

BAZERE Leq (dB) Lmax (dB)
B %)
I BT 87.2+ 6.2 116.3+ 9.6
17 TRk 86. 8+ 5.3 110. 0+ 4.6
& 8T Bk 95. 1t 4.8 128.2+ 10.8
B TR 89.3+ 5.5 123.3+ 11.8
RIP TR 92.2+ 5.8 125.7¢ 9.5
GabmE TR 88. 7+ 8.9 120.9+ 13.9
50 5 T 87. 2+ 0.4 107.2+ 2.7
5 84 Rk 108. 4+ 3.4 124.1+ 10.7
#T TR 84.4t 3.0 105.9¢ 10.7
$535% TRk 92.5¢ 1.9 127.5¢ 2.9
REA 81.5+ 2.6 86. 7+ 3.2

ko A ERHMITAZKRGEEME

T R X # Y #® I SN E&HM
(/s (m/s?) (m/s”) /shH (hr)

EO Dk 254 2.4 144 399 4

FRY WM 1.28  2.08 1. 54 2.90 0.5

T o5 stk 490 373 4.7 .03 4

T8 8.04 350 181 88 3

A84k 7] 3.06  5.44  2.22 7.08 4

F 5 IR 3.14 177 1.83 4.10 4

A8 P aTiE 516 299  2.60 6. 60 2

5 3% 490 4THE 2.28  1.96 1.75 3.50 4

A BT - 2.89 1.49 2.07 3.92 0.3
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k= - MERBEFTALIARZIRN FH1E(AB)

38 % (Hz) p o =X L
N=T11 N=T11 N=T11
meant SD meant SD meant SD

0. 5K 23.1+ 9.1 22.0+ 8.0 25.0% 9.2
1K 18.9+ 9.2 18.4+ 7.6 20.9% 9.3
2K 15.2+ 10.7 14.4¢ 9.6 17.2¢ 11.2
4K 23.9t 18.823.4+ 17.227.7+ 18.7
6K 25.9+ 18.826.5+ 17.830.8+ 19.3
(0. 5K+1K+2K+4K)/4 20.3t 9.6 19.5%+ 8.5 21.9+ 9.8
(0. 5K+1K+2K)/3 19.1+ 8.6 18.3+ 7.2 20.5t 8.8
(4K+6K)/2 24.9+ 17.424. 9+ 16.4 28.61 18.0

(0. 5K+1K+2K+4K+6K)/5 21.4% 10.7 20.9% 9.6 23.3+ 10.9




&~ 4K Hz 8% £ B 2 58 7 S48 AEH 2 0 #F

37 (dB) W
meant SD
%) T=12.7, p<0.0001
% (N=645) 29. 2+ 19.1
% (N=64) 14.5¢ 7.0
F#(F) All pairs are
1. =29(N=34) 14.61 11.5 significant
2. 30-39(N=411) 24.7+ 17.0 R’=0. 11, p<0. 0001
3. 40-49(N=225) 32.5% 19.5
4., =50(N=40) 46. 1+ 19.5 y
TAHFR(F) 1-3, 1-4, 2-3, 24
1. £4(N=124) 25,3+ 18.7 R*=0. 04, p<0.0001
2. 5-9(N=265) 24.4+ 16. 7
3.10-19(N=273) 31.0+ 19.9
4. =220(N=48) 36. 8% 18.8
#E NS
1. B 5 (N=420) 26.3+ 17.6
2. % (N=93) 31.0+ 21.5
3. #h 4 (N=180) 30.2+ 19.6
4. e (N=5) 24.0+ 12.9
BERE 1-2, 1-3, 1-4, 2-3,
I.APATN=T) 55.0+ 28.9 R*=0. 07, p<0.0001
2. % P B (N=317) 32. 1+ 20.2
3. KEZEWN=377) 23.7+ 15.9
4. Bt %A (N=T) 17.8t 7.6
E LD 4 1-2
1. & (N=424) 24,9+ 17.6 R’=0. 03, p<0.0001
2. 5 (N=231) 31.2+ 19.3
3. & (N=44) 31.5+ 17.1
"5 /B , 1-3, 2-3
1. &#(N=398) 25. 8+ 18.4 R*=0. 02, p<0.001
2. 4% (N=270) 28.6+ 17.3
3. &% (N=25) 38.8% 24.5




RE - ARFEREZP)BARNBEAARTREOE R

A%

meant

I &%

(N=322)

SD

2. PHE
(N=343)
meant SD

3. ®RE
(N=46)
meant SD

Scheffe K& &

0.3K 22. 8%

1K 19. 2%

2K 14. 8t

4K 20. 3t

6K 24. 3t

(0. 5K+1K+2K+4K 18. 62

)/4

(0. 5K+1K+2K)/3 18. 4%

(4K+6K)/2 21. 7+

(0. 5K+1K+2K+4K 19. 4+
+6K)/5

7.1

6.9

7.9

10.7

13.7

6.1

6.0

10.8

6. 6

26.0+ 9.6

21.0% 9.4

17.9+ 10.8

31.1+ 19.2

34. 1+ 20.1

23.3+ 9.7

21.31 8.7

31.9+ 18.6

25.0+ 10.9

32. bt

28. 91

28. Tt

04, 3t

52. ot

35. 41

29. 4+

52. 4t

38. 3t

13.7

16. 4

21.6

26. 4

25. 4

16. 7

16. 8

25. 4

17.5

1-2, 1-3,
R*=0. 07,
p<0. 0001
1-2, 1-3,
R’=0. 07,
p<0. 0001
1-2, 1-3,
R’=0. 09,
p<0. 0001
1-2, 1-3,
R’=0. 22,
p<0. 0001
1-2, 1-3,
R’=0. 15,
p<0. 0001
1-2, 1-3,
R*=0. 18,
p<0. 0001
1-2, 1-3,
R*=0. 20,
p<0. 0001
1-2, 1-3,
R’=0. 19,
p<0. 0001
1-2, 1-3,
R*=0. 15,
p<0. 0001

2-3

2-3

2-3

2-3

2-3

2-3

2-3

&% & <85 dB, +%:-+%:85-90 dB,

BH¥E:.>90 dB



X AEEERBRET)BRANBAAKRGHAENEERIH

EE 1. k% 2. THRE 3. FHKkH  Scheflfe KRR
(N=150) (N=400) (N=161)

meant SD meant SD meant SD

0. 5K 22.2+ 6.3 24.7+ 8.5 98.1+ 11.9  1-2, 1-3, 2-3
R*=0. 05,
p<0. 0001
13.0  1-3, 2-3
R*=0. 03,
p<0. 0001
14.7  1-3, 2-3
R*=0. 04,
p<0. 0001

4K 91.4+ 15.0 27.1+ 17.8  35.2+ 21.2  1-2, 1-3, 2-3
: R*=0. 06,
p<0. 0001

6K 95.4+ 17.3  30.0+ 18.3  38.0+ 21.5  1-2, 1-3, 2-3
R*=0. 05,
p<0. 0001

(0. 5K+1K+2K+4K 18.6% 6.7 21.6+ 8.8 926.0+ 12.9  1-2, 1-3, 2-3
)/4 R’=0. 08,
p<0. 0001
(0. 5K+1K+2K)/3 18.2+ 5.6 20.2+ 7.8 93.6+ 12.3  1-3, 2-3
R*=0. 04,
p<0. 0001

(4K+6K)/2 99 0+ 14.9  27.9+ 16.9  35.7+ 20.7  1-2, 1-3, 2-3
R*=0. 06,
p<0. 0001

(0. 5K+1K+2K+4K 19.6% 7.9 92.9+ 10.0  28.0+ 13.6  1-2, 1-3, 2-3
+6K)/5 R*=0. 07,
p<0. 0001

1K 19.0+ 6.3 20. 6+ 8.3 23.5

I+

2K 14. 6% 8.2 16.6+ 10.1  20.9

-+

I+

EIR®:< 3.0 0/s’, FIRE: 3-5 /s, HI/H: >5 /s’



Rt~ SRERRAFRA(BRET)Z@HF S

%3 &K (0. 5K+ IKF2KHK)/4 (0, 5K+1K+2K)/3  (AK+6K)/2
B (SE) B (SE) B (SE) B (SE)
B 16.2 (400 1.9 (2.2) 8.0 (22) -17.8 (3.90
F 0.9 (0.1%¥ 0.4 (0.D*¥ 0.2 (0.1D* 1.0 (0.1)%
sRGoAE 0.9 (L2 0.6 (0.7 0.5 (0.7 0.0 (1.2
=1)
MA(BE=0,% 4.3 @.Dx -0.7 (1.2) 0.4 (1.2) -4.7 (2.0)%
=1)
i F (&2 5=0)
ok & 13.9 (L.4)* 6.3 (0.8)% 4.1 (0.8)% 13.7 (1.4
%R 29.7 (2.4)% 14.4 (1.3* 9.2 (1.3)* 26.6 (2.3)%
3R % (&R 81=0)
3R 8 2.3 (.7  -L7 (0.9 -1.0 (0.9) -2.7 (1.6
R 8 6.4 (1.8)% 4.2 (1.O* 3.4 (1.O* 6.0 (1.7*
wE(E=0,% 23 (1L.2) 14 (D% 1.0 (0.7 21 (1.2
=1)
% % (££=0)
mmgE  -0.5 (l.24) -0.2 (0.7 -0.2 (0.7 0.4 (1.2)
whgm 2.1 (2.8) 12 (1.e) 0.9 (1.5) 41 (2.7

*p<0. 01, **p<0.05

R E . <85 dB, P=:%:85-90 dB, &%%:>90 dB

BIRE:< 3.0 m/s’, TS 3-5 /s, HIEKE: >5 n/s



RN BERIRAE IS FHR B ko) BT 54

AR hE RER HILE  O%ERE M
A 3B -7.69 0.84
S 0.12 0.02 .13 1.09-1.18
£%  Ants .00
xRFE 0,12 0. 22 0. 89 0.58 1.38
BH B 1.00
% 0,99 0.76 0. 37 0.081. 62
T | 100
PRy 2. 26 0. 30 9. 62 5. 35-17. 32
BRE 3. 41 0. 45 30.56  12.67-73.72
BE  RIES 1.00
PiR® 0.4 0. 37 0.71 0.34-1. 47
%R 9 0. 98 0. 37 2. 66 1.285.51
wiE & 1,00
5 0. 64 0.22 1.89 1.23-2. 90
&E & 1.00
18 ™ & B -0.18 0.22 0.83 0.54-1.29
wxgm 0,04 0. 48 1704 0. 41-2. 64

3 1. 2 maximum likelihood 7 i R4% - x"=214.4 > d. f.=10; p=0. 0001 ; n=689 -
2 FRAEGEEARE - S

& F: <85 dB, ¥%%:85-90 dB, &H%¥%:¥:>90 dB

1&IRE:< 3.0 m/s’, FHKRE: 3-5 w/s’, HIKE: >5 n/s’



B RREOBREMFEEZPHME - R L2 REE

A PHEr BEZ GROME D TR

48 s B) 87 (mg/d1) 841 187.2+ 36.6 ( 99' » 396 )
Z B H b s (mg/dl) 841 120. 4+ 82.7 ( 20 - 897 )
165 B Hs Bl B (mg/dl) 841 117.5¢ 31.5 ( 32316 )
& % B E & (ng/dl) 841 46.5% 8.0 (2784 )
W4 B (mmilg) 874 122. 5+ 14. 4 ( 80180 )
47 7% & (mmllg) 874 82.4+ 10.2 ( 50120 )
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A+~ A RS A EEAA K X5

Y AL ZEHHAE 2 MBEERES SELABES
(mg/dl) (mg/dl) (mg/dl) (mg/dl)
meant SD meant SD meant SD  meant SD
M 5 - . e
B (N=645) 188. 4+ 37. 1%% 123.9+ 83.8% 118.6% 32.1% 46.0+ 7. 8%
4 (N=64) 176.9+ 30.8 90.6+ 65.8  108.6+ 23.0 50.8+ 8.2
FINES | N o
1. <29(N=43)  168.3+ 41.1 104.6+ 61.1 103.0+ 30.1 46.8+ 8.2
9. 30-39(N=429) 186.1+ 36.0 115.3+ 77.3 117.1+ 31.4 46.5+ 7.9
3. 40-49(N=323) 189.5+ 36.0 126.8+ 91.0 118.5t 31.1 46.7+ 8.2
4, =50(N=46)  199.7+ 36.9 137.4+ 83.2 128.0+ 31.3 45.2¢ 7.0
(1-2, 1-3, 1-4) (1-2, 1-3, 1-4,
9-4, 3-4)
THFECF)
1. <4(N=149)  189.8+ 41.4 128.2+ 90.6 117.3% 35.5 47.4% 8.8
92.5-9(N=304)  181.9+ 37.4 110.7+ 7T1.0 115.0+ 31.7 45.9+ 7.6
3.10-19(N=324) 189.5+ 32.8 122.1+ 86.4 119.3+ 28.8 46.6+ 7.8
4. 220(N=64)  194.8+ 37.6 139.3+ 91.8 121.4+ 33.0 47.0+ 8.6
£
1. M & (N=487) 186.6+ 36.3 112.1+ 65.4 117.8+ 31.8 46.4% 8.2
9. 2% (N=113) 189.2+ 42.3 124.8+ 63.3 118.9+ 34.6 46.5+ 7.4
3. 0% (N=217) 188.3+ 34.2 121.8+ 73.6 116.7+ 29.1 46.8+ 7.8
4. 2% (N=5) 189.4+ 48.2 102.0+ 65.6 121.8+ 36.9 47.2+ 8.6
HERE
1.AFRTF 190.2+ 29.1 149.2+ 86.7 113.1+ 22.4 47.4% 8.7
(N=12) 186.8+ 34.7 118.0+ 68.9 116.5+ 30.0 46.5¢ 8.1
2. % P ~ B 186.7+ 38.4 113.6+ 66.1 117.9+ 32.9 46.5¢+ 7.9
(N=366) 903.3+ 35.6 121.6+ 52.7 130.8+ 30.0 48.0% 8.3
3. X & (N=435)
4. A (N=19)
bz
1. & (N=500) 185.5+ 35.9 111.1+ 68.9 116.5+ 29.9 46.9+ 7.9
2. % (N=268) 189.6+ 38.2 128.4+ 66.7 118.2+ 34.3 45.8+ 7.8
3. & M(N=52)  191.5+ 35.1 102.5+ 48.1 123.1+ 27.9 47.4+ 9.9
o8 i
1. & (N=45T) 186.2+ 36.4 111.4+ 68.1 117.4+ 30.5 46.5¢ 7.9
9. 48 m(N=320) 189.5+ 37.4 119.2+ 66.2 118.8+ 32.8 46.7+ 8.2
3. @%(N=32) 184.7T+ 34.5 155.1+ 69.2 107.6+ 30.2 47.4+ 8.6

(1-3, 2-3)

*p<0. 001, **p<0. 01
( ). %7 Scheffe K#E, £a=0.00 Y KRETF, AFERZEZEAEHA

A1l



i+ — - o REABAFEZ 5

w4 R (mmHg ) 47 3% & (mmllg)
meant SD meant SD
e )
B (N=645) 123. 2+ 14. 2% 82.9+ 10. 1%
4 (N=64) 116. 7+ 14.7 78.1% 9.5
F#r(5F)
1. <29(N=43) 122.3+ 11.8 79.9+ 9.1
2. 30-39(N=454) 121.5% 14.1 82.0+ 10.0
3. 40-49(N=329) 123.2+ 14.9 82.7+ 10.5
4, =50(N=48) 128. 7+ 14.7 86.8+ 8.4
(2-4) (1-4, 2-4)
ITHEEECF)
1. =4(N=154) 120.7+ 14.0 82.2+ 10.3
2. 5-9(N=320) 121. 2+ 14.6 82.0+ 10.7
3.10-19(N=334) 123.8% 13.6 82.6% 9.4
4. =220(N=66) 126.5+ 17.3 84.2+ 10.7
#£E
1. B3 (N=507) 121. 3% 13.9 81.7+ 9.9
2. #%(N=112) 122. 8+ 15.9 83.1+ 11.2
3. #h 4 (N=231) 125.1+ 14.8 83.6+ 10.2
4. £ (N=5) 122.8+ 13.3 86.0+ 9.4
HERE
1. B P A F(N=13) 127.7+ 22.2 85.7+ 13.6
2. 5 P ~B(N=372) 123. 5% 14.7 82.8+ 10.3
3. A& (N=459) 121.5% 13.8 81.9+ 10.0
4. B A (N=20) 125.9+ 14.2 85.1+£ 6.9
XS] '
1. &(N=518) 122. 0% 14.3 81.9+ 10.1
2. 7 (N=27T7) 123.6+ 14.5 83.4+ 10.5
3. & (N=58) 121.0+ 12.5 81.6% 8.7
"8 i
1. & (N=481) 121. 5+ 13.2 81.6% 9.6
2. 48 M (N=326) 123. 1+ 15.3 82.9+ 10.7
3. &% (N=35) 131.9+ 15.3 89.4+ 9.4
(1-3, 2-3) (1-3, 2-3)

*P<0. 001

( ). %)7%& Scheffe Kixx, £a=0.00 K& TF, FEEAZLZEE YA
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At=— > whBFrmARETH%E i%ﬁ%éﬁﬁfi%ii #ﬁ

%% 1. MB&%REF 2 %% 3. ®m%&  Schelfe AHA

(N=384) (N=363) (N=94)
A EF meant SD meant SD meant SD
W E A 188.0+ 36.8 186.5+ 36.5 186.9+ 36.8 NS
(mg/dl) K (]
=B s 113.0+ 64.8 118.1+ 69.1 121.2+ 70.0 NS
(mg/d1) S |
KEEERE 117.9+ 31.3 117.0¢ 31.9 118. Zi‘30.6 NS
(mg/dl)
HERMES 47.0:8.2  46.2¢ 7.8 456+ 7.8 NS
(mg/dl) .

WosE R (mollg)  121.8+ 14.2  123.2+ 14.5 123.1+ 15.0 NS
4736 % (nmHg) 82.0+ 10.0  82.9+ 10.4  82. 1£‘9l5 NS
&% <85 dB, T E:85-90 dB, BH%E 590 dB
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(2t~ hFERAKRRFREGEEHE EH M
£F 1. 1&EkH 2. PIKR® 3. Sk Scheffe K& &

(N=194) (N=465) (N=182)
A BT meant SD meant SD meant SD
MBE B B 188.8+ 37.6 187.9+ 36.4 183.7+ 36.2 NS
(mg/dl)
ZEHWHAE 119.8+ 71.3 117.8+ 65.8 107.8+ 66.1 NS
(mg/dl)
BEEFEEEE 117.9+ 32.0 118.1+ 31.3 115.9¢ 31.3 NS
(mg/dl)
BEEBEER 47.11 8.4 46.5+ 7.9 45.9% 7.6 NS
(mg/dl)

Wi R (mmHg) 1221+ 14.4  123.0+ 14.4  122.0+ 14.6 NS
4755 & (mmlg) 80.9+ 9.8 83.0+ 10.2 82.6+ 10.2  1-2, R=0.01,
p<0. 01

KRS < 3.0 m/s’, TR : 3-5 m/sh, HIEE: >5 n/s’



Atw - BECHERRERE T éﬁx\ﬁ% s

o MAEE  —HAwE  ARE  GRE
B (S B (B B (SB) B (SD)
B .7 96.6  90.8 (4.9 57.8 (3.4)
13.0)  (22.8) o .
8 (F) 0.8 (0.2)% 0.5 (0.4) 0.1 (0.1) 0.1 (0.1)

FRARR+HED 0.2 (2.8) -2.4 (49 1.5 (1.0) -0.4 (0.7)
WHI(B=0, %=1) -4.3 (4.5) -T.4 (7.8) -3.4 (L.T** -2.2 (1.2)
FEEEEE 18 (0.4% 8.3 (0.8)% 1.2 (0.2)% 0.8 (0. 1)
% & (& E=0)

¢RE  -25 (34 19 (6.0 0.4 (1.3) -0.8 (0.9

HRE 0.4 (4.5 1.7 (1.9 -0.4 (1.7 -1.8 (1.2
3595 (18IR#1=0) - -

3 1.0 (3.9 -6.7 (6.8) 0.2 (1.4) 2.4 (1.0)x

HR® 5.0 (40 201 TD® 05 (1.5) L7 (LD
Wi (R0, A<D 3.8 (2.9 6.0 (.00 0.7 (LD -0.2 (0.8)
% i (#£=0)

mmegiEm  -0.5 (2.8)% -0.9 (5.0) 0.3 (1.1D 0.2 (0.8
&Eegm  -15.9 (6.1D)% 8.3 (0.8)% 2.68 (2.3) 3.0 (l1.6)%

*¥p<0. 01, **¥p<0.05
SREEHRH-BENF)/ FH(AR)

1&3RE:< 3.0 m/s’, PIKE: 3-5 n/s F&‘,:}Eﬁy >5 m/s
&= g : <85 dB, P%¢E:85- 90 dB, &=%&:>90 dB



A+E - RETHRBERTFERGHFH

N % N %

[ #imaE 2 %hil 3 FERRHE FARK
| Nw o

Ho

H 5k 21

38 71 MR

AR AT H

F B oD W oM} W I} P

66 (88.0) 257 (82.9)
9 (12.0) 53 (17.1)
73 (97.3) 302 (97.4)
2 (2.7) 8 (2.6)
69 (92.0) 198 (63.90
6 (8.0) 112 (36.1)
68 (90.7) 253 (81.6)
7 (9.3) 57 (18.4)

403 (75.3)
132 (24.7)
502 (93.8)
33 (6.2)
275 (51.4)
260 (48.6)
405 (75.7)
130 (24.3)

P<0. 01

P<0. 05

P<0. 001

P<0. 01




EAtx o 2RA RN IRSEEHAEGLE

o

lL.#Ba 2.%%Fa 3 RTakHE FTIRE
NG N 3 N W
BB A % 65 (83.3) 250 (77.9) 355 (66.0) P<0.001
£ 13 (16.7) 71 (22.1) 183 (34.0)
BB E %F 62 (79.5) 283 (88.2) 452 (84.0) NS
&£ 16 (20.5) 38 (11.8) 86 (16.0)
"R AR % 69 (88.5) 285 (88.8) 399 (74.2) P<0.001
£ 9 (L5 36 (11.2) 139 (25.8)
EEEG E 77 (98.8) 317 (98.7) 532 (98.9) NS
b3 1 (1.2) 4 (1.3) 6 (1.1)
SPkAe 0 mBAE F 57T (73.1) 231 (72.0) 359 (66.7) NS
& 21 (26.9) 90 (28.0) 179 (33.3)
e % 60 (76.9) 242 (75.4) 403 (74.9) NS
& 18 (23.1) 79 (24.6) 135 (25.1)
H-oB Z 47 (60.3) 181 (56.6) 208 (38.7) P<0.001
£ 31 (39.7) 139 (43.4) 330 (61.3)
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A+t AR IREEHCENEE

1. #8a 2.%Fa 3. REfREHE FHIKRE
N ) N N (%)
MAER & 60 (76.9) 241 (75.1) 384 (71.4) NS
& 18 (23.1D 80 (24.9) 154 (28.6)
e & 78 (100) 320 (99.7) 523 (97.2) P<0.01
& 0 (0 1 (0.3) 15 (2.8)
58 % 57T (73.1) 241 (75.1) 367 (68.2) NS
& 21 (26.9) 80 (24.9) 171 (31.8)
RERK F 70 (89.7) 300 (93.5) 490 (91.1) NS
. 8 (10.3) 21 (6.5) 48 (8.9)
KER %  13(93.6) 287 (89.4) 461 (85.8) NS
z 5 (6.4) 34 (10.6) 76 (14.2)
BR% % 67 (85.9) 263 (81.9) 415 (77.1) NS
£ 11 (14.1D) 58 (18.1) 123 (22.9)




RtA - RRERLIERTHESGOVE
1. #a D REM 3. REEEGE FHRE
N % N (%) N (%)
% % 73 (03.6) 204 (91.9) 489 (90.9) NS
% 5 (6.4) 26 (8.1) 49 (9.1
B % 58 (74.4) 236 (73.8) 349 (64.9) P<0.01
£ 20 (25.6) 84 (26.2) 189 (35.1)
15 5% 5 36 (46.2) 102 (31.9) 125 (23.2) P<0.001
2 42 (53.8) 218 (68.1) 413 (76.8)
RE %5 49 (62.8) 200 (62.5) 330 (61.3) NS
£ 929 (37.2) 120 (3.5) 208 (38.7)
e & 71 (91.0) 291 (90.9) 444 (82.5) P<0. 001
2700 94 (17.5) |

29 (9.D
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Rt 2B ANERAREABRZLR

4K (0. 5k+1k+2k+4k)/4 (0. 5k+1k+2k)/3 (4k+6k)/2

FHaERpE AN
1. <2hr(N=196)  26.1% 16.1 20.9% 8.0 19.8% 7.2 26.5% 15.3
2. 2-4hr(N=132)  30.6% 20.4 22.7% 10.1 20.5% 8.8 31.8% 19.1
3. 4-6hr(N=112)  31.3% 207 2421 10.8 22.4% 9.7 32.8% 20.0
4. 6-8hr(N=154) 25.6t 19.2 21.0 10.7 200t 96  27.0t 188
(1-3) (1-3)
HaERAmE LM
1. 3% (N=326) 26.4% 18.5 21.6%1 10.6 20.6% 9.5 27.5% 18.0
2. 32 (N=186) 28.21 18.2 21.7f 9.2 20.1% 8.1 29.7+ 174
3. FE+HEE(N=121) 33.4% 206 243+ 9.8 21.61 8.8 33.2% 19.6
4. & (N=67) 21.8% 14.0 19.6% 7.6 19.3% 7.5 22.3% 13.8
(1-3, 3-4) (3-4) T (13, 2-4, 3-4)

() BB RO Scheffe RARERAMET LERAIMA], a=0.05.

SN



kot BEhEnanEAsRAEBILER

s §& ) e ae
N(%) (N%)
1% M By % B AE R : X*=4.6 - P=0. 1
3 (N=326) 240(73.6) 86(126. 4)
¥ B (N=186) 136(73.1) 50(26. 9)
FE+FEN=121) 77(63. 6) 44(36.4)
B BAEA by AR . X=19.7- P<0. 001
<2hr (N=196) 155(79. 1) 4209
2-4hr(N=132) 87(65.9) 45(34.1)
4-6hr(N=112) 67(59. 8) 45(40. 2)

6-8hr(N=154) 122(79. 2) - 32(20.8)
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RIFATHREMELRIEEHVRIEABR, UEREMZIEARE, FAEHRA
BMARP S F AT - ARERREFHE, H4!
APAEHBZENABBHZE, RHAAK, PIERHE #ambolEs -

PEBERL R ERE RS
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Yok ® - ALJL ame BLI24mmx CLO44mmx  DOIS s ELJ114mmx FLJ16 4mAk
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LRt (GBI ES N FEREREEE AT ERE)

B AT ARFS B ¢ » BRAR IHERE: (HFBFAE)
AEXERMZRBEEE F :

1. 5 o&EFk
2.5 (1) O, (2) =085 EM#AFT ARL (1) O, (2) 0%
.48 RA # A B (FEHE)

4 #FRE: (DOAY, FRAT (2)OFF, &8 (3) Ox&E (4) xR L

5. #F8: (DOM& () O%xK (3) D444 () ORER (5) O (3%
BITEE)

6. #mik ot ¢ (1) e (2) [k (3) Oss

y- W i Sy B i 2

L@ XTHER  BAFRAZRE CEM) A, REGARETEES MK
MOOF, QOO £ #

2. TR HBCEAMN NI IREA_ F (Fa4E8)

3. BRAMBY TAEIESHE?
WOOx & :
QOOe=>=2(1) OREFETEX XM TERQ) OFR5E20) JERARYF
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4 8 TAFERA BARBE T RO EE?
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1. 5845 T Bk %ﬂ”ﬁiﬂi@m&ﬁﬁ L7 (RETEIME)
(D) Oax® (2) L% B & ) Oesrit (4 O+&F
G) O EEa (6) sk, m@sﬁm (D Dmﬁa% (8) Dﬁm
(%Sﬁﬁ?) ’
2. 16 B4 AR B0 O i RATHE g?(&yﬁﬁsﬁ) |
(D Div 2 D OmAm%gk GOgsr+F @WHsEA G UREBREK
(6) k& (M O%-% (8) L&A % (9 4 (Ghaa#RE)
S.EERIEBRTHEHEE LB RTHELE? (RETEIHE)
() OagEg @ O%# O LUeE b A G) OFRFw

(6) s (7 OHE4 (3 BHAH)
4 BETRITARE, BARAER?
(D O#mAr£ (2) Oa% (3) 4 - (FBATHEE)

- THBREABATIE
. hRrzmdE, KEEAMERIGER?
OFx @OO%FE G) D’&E?ﬁvEEJEFH (4) D&ﬁ&m%&—a”&ﬁ&m”
BUAFZE6AEE
2. NIRRT EE, FE, GR?
(D) Dexr#k @ OxEx Q) O¥sk ) ERK
.HEEX, HEB HG—RAABRENT? ' |
(D AR Q) b2 e (3) [02-4088 (4) [04-6 8% (5) [J6-8 /&
A FERHEFERTERTABAZAR?
() ORBEAZA (2) ARARBAZA
5 M EMBRF S FERBGE D mEEARBASE ?
(D) Oas&a Q) O#sxR® ) O (FB4THRE)
6. GRFEEENE, B1F (THE) ?
(D Oarsme Q) DOTEcx# G OepExs Q) ORFAER LARY
(5) OB a4tmr (6) TR (FBAEE)

B AR SRR A BT
1L ERFHHEEIE

(ODO#RA |
QOOFD>DBEFLE?_ &, BRABMEX?_ X GRETHRE)
(DDHW£¢¢Eﬁ%$7 &, &&Mﬁ6%7&47 _F, PHEX

#5727 % (H8AHE)
2.EBAMMATAHBBYEIR?
(MWHOz%x @) em Q) O%% @ OxXX5
BREHABES P c.c._ cc (MESELDccHFBTHE)
G) O ADDERELE?_ F, RBUAT av57&$‘7 o
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