SIRAIAEIABIE(X|, H33E KI35(2023) ISSN 2384-132X(Print) ISSN 2289-0564(Online) Original Article
Journal of Korean Society of Occupational and Environmental Hygiene, 2023: 33(3): 332-345
https://doi.org/10.15269/JKSOEH.2023.33.3.332

o
Moz XBtAoSI, MR ISItiTlA, OIMEZAZH AHOIHMEZGT

[

Cardiovascular-metabolic Diseases Affecting Hearing loss in
Workers Exposed to Noise

KyooSang Kim"# + Jungmin Sung® * Eun-A Kim®

'Department of Occupational and Environmental Medicine, Seoul Medical Center
’Medical Research Institute, Seoul Medical Center
JOccupational Safety and Health Research Institute, Korea Occupational Safety and Health Agency

ABSTRACT

Objectives: We examined the association of hearing with cardio-metabolic diseases, dyslipidemia, hypertension
and diabetes mellitus according to the personal and occupational characteristics of workers exposed to noise.

Methods: The subjects of the study were 237,028 workers who underwent 2, 3, and 4 kHz airway pure tone
audiometry in 2015 and who underwent clinical tests to diagnose cardiovascular-metabolic diseases.
Cardiovascular-metabolic diseases were defined using reference values for respective items including blood
pressure (systolic/diastolic), fasting blood glucose, cholesterol, and triglycerides. The airway pure tone hearing
threshold of 2, 3, and 4 kHz, the average threshold of 2-3-4 kHz, and the hearing loss by the average threshold
of the primary examination were distinguished.

Results: Workers with cardiovascular-metabolic disease had significantly higher average hearing thresholds
and higher rates of hearing loss. Logistic regression analysis, which adjusted for demographic variables of
gender and age and occupational variables such as workplace size, industry, and type of work, and
cardiovascular-metabolic disease as independent variables, showed that the odds ratio of hypertension to
hearing loss in the mid—frequency was 1.239 (95% confidence interval: 1.118-1.374). For hypertension was
1.159 (1.107-1.214) and for diabetes it was 1.166 (1.104-1.230) for hearing loss in the high—frequency.
Hearing loss measured by mean hearing was 1.178 (1.105-1.256) for hypertension and 1.181 (1.097-1.271)
for diabetes.

Conclusions: Cardiovascular—-metabolic diseases in noise—exposed workers are associated with an increased
risk of hearing loss and should be accompanied by bio—-monitoring of cardiovascular-metabolic diseases in
addition to auditory surveillance.

Key words: Cardio-metabolic diseases, diabetes, dyslipidemia, hearing loss, hypertension, metabolic syndrome,
noise exposure
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Table 1. Comparison of hearing thresholds according to the characteristics of study participants

) 2 kHz 3 kHz 4 kHz 2-3-4 kHz
Variables N(%)
Mean(SD) Mean(SD) Mean(SD) Mean(SD)
Sex Female 23,359(9.9) 12.77(11.42)"" 13.56(10.40)™" 14.85(11.64)"" 14.12(9.70)™
Male 213,669(90.1) 11.42(9.19) 14.53(13.37) 19.04(16.64) 15.45(12.05)
Age(years) <30 38,120(16.1)  8.32(6.60)"  8.42(7.31)" 9.20(8.39)" 8.94(6.87)"
30~<40 76,002(32.1) 9.45(7.29) 10.34(8.96)  12.90(11.38) 11.27(8.30)
40~<50 70,870(29.9) 11.74(8.56) 14.99(12.37) 20.46(15.72) 16.24(10.91)
>50 52,036(22.0) 16.75(11.51) 24.05(16.58) 31.39(18.64) 24.67(14.13)
Work duration(years) {5 115,990(48.9) 10.83(8.46)" 12.71(11.61)" 15.59(14.37)"" 13.44(10.63)""
5~{10 37,5619(15.8) 10.97(8.95) 13.21(12.37) 16.88(15.23) 14.12(11.23)
10~<20 43,589(18.4) 11.55(9.04) 14.59(12.91) 19.71(16.25) 15.77(11.59)
>20 39,930(16.8)  14.23(10.85) 20.41(16.05) 27.90(18.64) 21.44(13.80)
Business scale(persons) >1,000 44,609(18.8) 11.21(9.88)" 14.41(14.21)™ 19.04(17.47)"" 15.37(12.90)"
>300~¢1,000 39,993(16.9) 11.19(8.61) 13.82(12.30) 17.80(15.43) 14.70(11.11)
>50~¢300 119,226(50.3) 11.67(9.01) 14.39(12.72) 18.47(15.84) 15.29(11.49)
50 33,196(14.0) 12.06(9.38) 15.32(13.85) 19.60(17.00) 16.13(12.40)
Industry Other industries  36,630(15.5) 10.74(8.30)" 13.08(11.99) 16.85(15.37)" 14.00(10.88)™
Manufacturing 195,119(82.3) 11.64(9.28) 14.58(13.24) 18.83(16.35) 15.47(11.95)
Construction 5,127(2.2) 14.04(10.17) 18.17(14.69) 23.13(17.73) 18.88(13.22)
Mining 152(1.0) 14.51(10.73) 20.23(16.55) 27.93(18.23) 21.44(14.36)
Work type Daytime work 88,913(37.5) 11.28(9.36)"" 14.70(13.81)"™" 19.26(17.00)™ 15.58(12.36)"
Night-shift work 148,115(62.5) 11.72(9.05) 14.27(12.67) 18.24(15.80) 15.17(11.52)
Total 237,028(100) 11.56(9.17) 14.43(13.11) 18.62(16.26) 15.32(11.84)

N: Number of samples, SD: Standard deviation
™ {.001, *.05
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Table 2. Comparison of the degree of hearing loss according to the characteristics of study participants

_ Normal Mid HL  Moderate HL _oderate
Variables - severe HL  p-value
N(%) N(%) N(%) N(%)

Sex Female 21,428(91.7) 1,554(6.7) 256(1.1) 121(0.5) .000
Male 182,916(85.6) 21,021(9.8) 7,044(3.3) 2,688(1.3)

Age(years) (30 37,459(98.3) 550(1.4) 56(0.1) 55(0.1) .000
30~<40 72,698(95.7) 2651(3.5) 439(0.6) 214(0.3)
40~¢50 61,236(86.4) 7,148(10.1) 1,854(2.6) 632(0.9)
>50 32,951(63.3)  12,226(23.5) 4,951(9.5) 1,908(3.7)

Work duration(years) 5 104,935(90.5) 7,802(6.7) 2,336(2.0) 917(0.8) .000
5~¢10 33,245(88.6) 3,036(8.1) 896(2.4) 342(0.9)
10~<20 37,481(86.0) 4,342(10.0) 1,298(3.0) 468(1.1)
>20 28,683(71.8) 7,395(18.5) 2,770(6.9) 1,082(2.7)

Business scale(persons) >1,000 37,897(84.9) 4,259(9.5) 1,699(3.8) 756(1.7) .000
>300~¢1,000 35,125(87.8) 3,586(9.0) 952(2.4) 330(0.8)
>50~¢300 103,437(86.8) 11,212(9.4) 3,336(2.8) 1,241(1.0)
<50 27,885(84.0) 3,518(10.6) 1,313(4.0) 482(1.5)

Industry Other industries 32556(88.9) 2,873(7.8) 889(2.4) 312(0.9) .000
Manufacturing 167,709(86.0) 18,877(9.7) 6,147(3.2) 2,386(1.2)
Construction 3,969(77.4) 803(15.7) 249(4.9) 106(2.1)

Mining 110(72.4) 22(14.5) 15(9.9) 5(3.3)

Work type Daytime work 75,464(84.9) 8,829(9.9) 3,355(3.8) 1,265(1.4) .000
Night-shift work  128,880(87.0) 13,746(9.3) 3,945(2.7) 1,544(1.0)

Total 204,344(86.2) 22,575(9.5) 7,300(3.1) 2,809(1.2)

N: Number of samples, HL: Hearing loss

Normal: Average airway pure—tone hearing thresholds less than 25 dB at 2000, 3000, and 4000 Hz, Mild HL: 26-40 dB,
Moderate HL: 41-55 dB, Moderate-severe HL: >56 dB

Table 3. Comparison of hearing thresholds according to cardiovascular-metabolic diseases

. 2 kHz 3 kHz 4 kHz 2-3-4 kHz
Variables N(%)

Mean(SD) Mean(SD) Mean(SD) Mean(SD)
Metabolic syndrome No 194,528(82.1)  11.35(9.11)™ 14.07(12.91)™" 18.06(16.01)""  14.94(11.69)™
Yes 42,496(17.9) 12.47(9.40) 16.07(13.87) 21.20(17.14) 17.07(12.37)
Hypertension No 220,574(93.1)  11.43(9.05)" 14.21(12.94)" 18.31(16.08) 15.10(11.69)""
Yes 16,450(6.9) 13.17(10.50) 17.33(14.99) 22.83(18.07) 18.30(13.36)
Diabetes No 225,949(95.3)  11.42(9.09)™ 14.19(12.94)™ 18.28(16.07)™  15.08(11.70)™"
Yes 11,079(4.7) 14.30(10.28) 19.42(15.45) 25.65(18.49) 20.33(13.52)
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AN NC%) 2 kHz 3 kHz 4 kHz 2-3-4 kHz
Mean(SD) Mean(SD) Mean(SD) Mean(SD)
Dyslipidemia

Total cholesterol  <240mg/dL 216,596(91.4)  11.54(9.19)" 14.39(13.11)" 18.51(16.24)  15.26(11.85)""
>240mg/dL 20,432(8.6) 11.73(8.92)  14.87(13.15)  19.87(16.52) 16.97(11.75)
Triglyceride (200mg/dL 194,468(82.0)  11.46(9.21)"" 14.26(13.07)" 18.31(16.19)" 15.12(11.84)™
>200mg/dL 42,560(18.0) 11.97(8.96)  15.20(13.29)  20.08(16.52) 16.23(11.83)
LDL-cholesterol {160mg/dL 222,845(94.0) 11.56(9.18) 14.40(13.10)"" 18.55(16.24)""  15.29(11.84)"™
>160mg/dL 14,179(6.0) 11.56(9.03)  14.85(13.31)  19.76(16.65) 15.87(11.90)
HDL-cholesterol >40mg/dL 209,193(88.3)  11.51(9.18)" 14.33(13.06)" 18.45(16.20)" 15.21(11.81)"
{40mg/dL 27,642(11.7) 11.91(9.10)  15.21(13.49)  19.95(16.71) 16.17(12.05)
Total 237,028(100) 11.56(9.17)  14.43(13.11)  18.62(16.26) 15.32(11.84)

N: Number of samples, SD: Standard deviation

***: .001, *.05

2-3-4 kHz: Average airway pure—tone hearing thresholds at 2000, 3000, and 4000 Hz
Hypertension was defined as systolic blood pressure =140 mmHg, or diastolic blood pressure =290 mmHg.
Diabetes was defined as fasting glucose =126 mg/dl.

Table 4. Comparison of hearing loss according to cardiovascular-metabolic diseases

Varishles Normal Mild HL Moderate HL _Zgé?;at& o-value
N(%) N(%) N(%) N(%)
Metabolic syndrome  No 169,261(87.0) 17,478(9.0) 5,614(2.9) 2,179(1.1) .000
Yes 35,083(82.6) 5,097(12.0) 1,686(4.0) 630(1.5)
Hypertension No 191,318(86.7) 20,296(9.2) 6,460(2.9) 2,504(1.1) .000
Yes 13,026(79.2) 2,279(13.9) 840(5.1) 305(1.9)
Diabetes No 196,115(86.8) 20,674(9.1) 6,612(2.9) 2,548(1.1) .000
Yes 8,229(74.3) 1,901(17.2) 633(6.2) 261(2.4)
Dyslipidemia
Total cholesterol (240 mg/dL 186,943(86.3) 2,044(9.4) 6,638(3.1) 2,567(1.2) .000
>240 mg/dL 17,401(85.2) 2,127(10.4) 662(3.2) 242(1.2)
Triglyceride (200 mg/dL 168,341(86.6) 17,991(9.3) 5,858(3.0) 2,278(1.2) .000
>200 mg/dL 36,003(84.6) 4,584(10.8) 1,442(3.4) 531(1.2)
LDL-cholesterol {160 mg/dL 192,270(86.3) 21,103(9.5) 6,831(3.1) 2,645(1.2) .001
>160 mg/dL 12,074(85.2) 1,472(10.4) 469(3.3) 164(1.2)
HDL-cholesterol >40 mg/dL 180,799(86.4) 19,648(9.4) 6,311(3.0) 2,435(1.2) .000
<40 mg/dL 23,380(84.6) 2,909(10.5) 980(3.5) 373(1.3)
Total 204,344(86.2) 22,575(9.5) 7,300(3.1) 2,809(1.2)
N: Number of samples
Hypertension was defined as systolic blood pressure =140 mmHg, or diastolic blood pressure =290 mmHg.
Diabetes was defined as fasting glucose >126 mg/dl.
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X AGB-AM A ool wet fofst AolE 2R A4 FY 169,2617(87.0%)°019 2™, AEY
olg HAltt. tASFTo] Ae 224 Bag=Ee o] 3l IEAR 13,026%8(79.2%), LEYU°] Qe
2 B A9 35,0837(82.6%), IASFwol = & EAR= 191,318%(86.7%), Bl Q= dEAE

Table 5. Effects of frequency characteristics on hearing loss according to cardiovascular-metabolic diseases

Mid-freq HL
Univariate Multivariate
Model 1 Model 2
OR 95% Cl 7 OR 95% Cl Ve, OR 95% Cl Ve,
Metabolic syndrome No 1 .000 1 217 1 .283
Yes 1.368 1.268-1.475 1.050 .972-1.134 1.053 .958-1.156
Hypertension No 1 .000 1 .000 1 .000
Yes 1.785 1.615-1.972 1.251 1.130-1.385 1.239 1.118-1.374
Diabetes No 1 .000 1 .013 1 .075
Yes 2.077 1.858-2.322 1.155 1.031-1.294 1.118 .989-1.263
Dyslipidemia No 1 125 1 .046 1 .010
Yes 1.055 .985-1.131 .931 .868-.999 901 .832-.975
High—freq HL
Univariate Multivariate
Model 1 Model 2
OR 95% Cl o OR 95% Cl e, OR 95% CI e,
Metabolic syndrome No 1 .000 1 .080 1 .348
Yes 1.416 1.374-1.460 1.030 .997-1.064 981 .944-1.021
Hypertension No 1 .000 1 .000 1 .000
Yes 1.714 1.643-1.787 1.164 1.112-1.219 1.159 1.107-1.214
Diabetes No 1 .000 1 .000 1 .000
Yes 2.186 2.085-2.292 1.167 1.109-1.228 1.166 1.104-1.230
Dyslipidemia No 1 .000 1 .618 1 .840
Yes 1.226 1.194-1.259 1.007 .979-1.037 1.003 .971-1.036
Hearing loss
Univariate Multivariate
Model 1 Model 2
OR 95% Cl 7 OR 95% Cl e, OR 95% Cl e,
Metabolic syndrome No 1 .000 1 .328 1 677
Yes 1.398 1.337-1.462 1.024 .977-1.073 988 .934-1.046
Hypertension No 1 .000 1 .000 1 .000
Yes 1.762 1.659-1.871 1.183 1.111-1.260 1.178 1.105-1.256
Diabetes No 1 .000 1 .000 1 .004
Yes 2.242 2.100-2.395 1.182 1.103-1.266 1.181 1.097-1.271
Dyslipidemia No 1 .000 1 152 1 108
Yes 1.155 1.110-1.203 .970 .930-1.011 962 .918-1.009

Definition of abbreviations: Mid-freq HL = Hearing loss at middle frequency, High-freq HL = Hearing loss at high
frequency, HL = Hearing loss of pure—tone average at 2, 3, and 4 kHz

Hearing loss: pure-tone threshold of 40 dB or greater at 2 kHz in worse ear(mid-freq HL), at 4 kHz in worse
ear(high—-freq HL), and pure-tone average at 2, 3, and 4 kHz in worse ear.

aModel | : Adjusted for sex, age, work duration, business scale, industry and work type.

bModel II: Further adjusted for cardio-metabolic diseases.
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A LE 22| A0 DIX= MP2-UARY 2eto] Jg 339

8,220%(74.3%), Yol gl ZEAL 196,159
(86.8%)°] A4 H2Ae Kol ATy Ago] 9
L 2o GO Be UHLS Bt F2d4E
2, A, AUE/TYE FHLGE $H2 K o]
HADBFE ¥5% ANE RAHTable 4).
HASAPDS FHASE YRV A
Zzte] G EAAE HARHIHE F290
kH)] H&43 olgAa@FTe Batet ALt
= YRAg-ohapy Ggto] Gofat HolE uk =,

NRB-GAY Aol o £ WY A¥EL 1Y
o Jem AP 2B g Agel 4, 93
of Q7aHE WelT 2RV, AGY TFE, 9F L 2
2969 9 Wele BT nd 1, 24 19 43

A

-ty AEe B BASH 1 29] thHE 24
g 3AEA ZdioAE F39Q kHyY HEed
2 Model 194 &9 i, Model 204 1@
b, 93 1394 kHz)3 B3 8(2-3-4 kHz) &
12 B o)A Model 13 2014 2% v@U¢T} o
¥ 9] BIRHH]|7F {523k ZpolE E . Model 29 <
gt $299 FYEHo gk 1EQe] HIAH|= 1.239
(95% AZ77E 1.118-1.374), 1299 A&
HofAs 1Ede] vIxHIZF 1.159(1.107-1.214), B
e 1.166(1.104-1.230)0190H, By oz 4
HE FHo] tisiAEs 18Yo] 1.178(1.105-1.256),
o] 1.181(1.097-1.271)& EUTHTable 5).

>

o

e

V.o #H

o] AFoA A&F ke L2AY] AZIRIFEH B4,
AAF EA, ot iR 2 AEH-tiAMg g
(cardio-metabolic diseases)?] HARSZH, oJAFR| &
25, TEY ¢ o] HEEATe] IHAgS B
A} skt

AGI-tAY Ao HEEATS] AHdS o
AT o] A EFoM = TR o, 18
I oA S99 139 HHEA 2 J o
D5 {ooH] =2 vAH|9 YFPS HojFal Qi
g E IEA = GHI} o iRt oyt AE -t
AHg Azl W0l 30| ol HZATHE A9} &0
AET-thAY Aol gt Hlo|e-HYEFo| FHtE]
olof & Ao HIt} AS2 A7, AEHA, &1
Aol & QIX|7]5 Aol o] Q= Ao HiEFo
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£ AAFETHHahad et al., 2019; Daiber et al.,
2020). =& o] A= &S LE3IEAY] EA7A
& A=E o] &3t HHATEA Aol ot AEH-of
AH Aol AEE S A7t ofd e A -tiA
d Agte] HHFFE AHE Aot

YA f4 Ql, ol(MZA% %3} &2 &

of gle] ojs) WAYRIT. Ed WL AgHe 7 I
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3t olQox oy AWix o] Itk Gong et
al.(2018)2] 60AY| olE o= g AollA 25 dB
olAte] Wy SHEL 58.85%0|%=]|, dHI} HES
T EAollA HeEedal 7Y 4t TRo] Qe
[Qlojglon, A A3l gy 1Y, AW A5}
3, g =E 9 ol54 oFEo| FY&HT gt 4
AL At A Ae E AF ko] 7P E I
< A= Q2IoYrHOR = 2.83 [95% CI : 2.43-
3.29]; OR = 2.59 [95% CI : 1.80-3.72])(Gong et
al., 2018). ZHEY dFoAe dHo] dF, WS,
+=7] @Y, S, AZH A5, §9 € I
H|e} o] Uit FT o4 Aol A
IS99 FYLAo| gt AR o2 AT AF
2 HY<&A(age-related hearing loss)e] 2 7|%
2 AAREL QtHRigters et al., 2016). McKee et
al.(2018)9] AFollA= HEEAol AdH ATHOR
1.48; 1.33-1.66), B=H(OR 1.16; 1.03-1.31), 138
(OR 1.29; 1.17-1.43), =H&%(OR 1.39; 1.12-1.66)
7 HEAOR 1.41; 1.27-1.57), ¥(OR 1.35; 1.21-
1.5 ¥ H7]Z(0R 1.41; 1.14-1.74H)7= EHHoz
o] AHMcKee et al., 2018).

S-EuEte] FUAZIGRA ARE o] 83 Aol
M HEEARA/F Foke 9 135 FE FEGAof)
2 99, 4, 9, &5 15, AYH A F, 1T
e}, e, ZEAHIE, eGFR(60mL/min/1.73m’)
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doyd P

2

ol

frongl o R or
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Faslo] g A9 HZgohg dod ¢

A7 UAHHong et al., 2015). wekr] ole} 22

o] AUS= HolF Qi

AR, 18, G, o/ dAEEE 5 AEH
-thAMS Age] HEEAT TS o] Ao = 11
Pt T2 FEEA Fott JFS vAH dHY
Soro e 8H-vREAIE FHsHA Holal L
I3y ARt T A AHARY] 7|4kl TE o]
AAAES o= 7€ At g o9t B2 &
ofgt Aol UehA| gol % A7t B a5t

AA| ARG FY o] T A= ==k
QATE PFZ HIT= vt o] "t tiARSS
9] HYe] JF2 HHIAE =°|2(Shim et al,
2019), FH7} #TRo] Ao} HASF2 55 U4
g 9 YFo] #3(Chien et al., 2015; Jung et
al., 2018), HEH2] FYLE Ho|y Hxo dHoz
d 37} £ oot 2012 @dtK(Shi et al., 2019). &
= TS e 3 dHAT oA AR
4 A7 1011, AR 5 8421 F4 H
k2 1.07, 28935 (hyperglycemia) 1.125 H%
o 32 HDL-ZHAHES $655%5/1% HHY H
A 7E 1.212 =4 Yehd o] Q32 HEalskal Q)
HHan et al., 2018). AYZAR] FH7AE o=
ot Aol B AT AR dEETolA o
AReeatate] HWAA, 93l oA 49
ol e A4 P #EAdE Hiskal ot
(Aghazadeh-Attari et al., 2017). 998, A7 A= &
A 22 AAAHQ TS BT &, AT
Zh= do] Bop &2 HH X7} Holn, &3] A3
A= X g, 189, 1 FAAAT d B2
EE A FEAEE(HDL-O)F 22 A
9] 7B A&} THo] UATHSun et al., 2015). ©]
off thAsSt2] HeHcluster) 2ot F24Q1 FHAR
I vHE-ZEAHE E JRCE o] A
AmEE Zo] 997t vty Bl Itkjung et al.,
2019). YASTS 2= oY 59 FHRARA
AL T FHEAo] 1392000 Hz o4d)olA H
AYPHL B335 YoHKim et al., 2017). HJAESS
+ B AR 0E 84M(EY, 89 )9k 23
of WE Lol e #HAHE Hiska ok
(Zhao et al., 2015). ¥ AT AAl= HE
ool gt EH-0 @8I0l ofl, JNE At

a=)

www.kiha.kr

oA 71 3EEGTo] 5EZoR I
B1%E 9cKlee et al., 2016).
Joljo} A28 S w2 eSS Hol= &

geldl, A2¥ T B2 QT 71N Aol o

Ir njln
oy

o_iﬂl_‘. ;
N
oN

A Ao mEY gy A= oA Azl
of Ag)7] Hot. Yt FZgo) Atele] A/l
gt AjtE 71342 ol nAIEd B¥E 9 P4l
7 B3l g 1895 ¢ ARl AEH A0 7|Qlgtt
(Helzner & Contrera, 2016). ¥ 9 &d FA7}
of Aol tist it IS E AFoA G FS
2 WA #Ho] lom, Gl Sxl= mlfol HY
A o] FEEE TS A5T & JHKim
et al., 2017). 599 Hd FH717F 5% =2 332
AZ(HbAle)e 151; FZPgofiet ol Qiet HlE
Ao Al HbAlc=8.0%= 133t HZFgofiel o]
Ao, HbAlc 5.0%-5.4%%} vlwste] F449] 1.46
(1.10-1.94) 9 o4 2.15(1.13-4.10)2 13T}t Hzt
Zofiel o] JAJcHNagahama et al., 2018). FH
£Ao] Sl Tl EX= 18T 9 1EY, T
5, AHES 9 AFHSY 22 e A8 845 7t
4 7FsAdo] EthBener et al., 2017).

A8 Fer(TID)> B 43} AFHEITS 2
sk=tll, HZ71s0l tigh T1DS] Fgkol| et SA

&£ 2

A= gixZol s 2ol FHEC] 4dsl =9
o}, o]t &4 T E uAE Agl} HwE 4= 9l
HMujica-Mota et al, 2018). 2017 HEHEA A
ANE A1E G FF5 9 FI4 3 28 99
37t Atololl TA7E S HojFil QltHTeng et
al., 2017). 201d9] HEEHoM % v] ity SEx}e}
vlwoto] iy $RRO] HZgofo] FrgEo] Ao
TAIGle] d3d Ao=F A]9telal JrHHorikawa et

al., 2013).
T2y HE9EA] ¢
+HET girgo] =
A A o] =4
Aglo] Folgt o7t WAEA] k2 A AFe Qt
1=

o 2T 1), FugEe 4 3
gl A0 BAHW, 59 nL 29 B 4
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A2 L& 22X H

kHzoll Al 9]t Apol7} =, ity d A4l 55

FEY 9] 3<%, 500 Hz, 2k Hz, 3 kHz ¥ 8 kHz
9] Fapeoll A [ou|gk Zfo|7t wEE U HAl 5
1Y 2 oE v HWRS o FHE4o] MY
FA UEHeH, ol Al 71| At 24 FollA 1E
ool ol 7M & TS A= AR EHelt
(Rolim et al, 2018).

TEYZ FolToflA WA= HeH AT 1y
o] ZEAQl A¥8Ql 5 shuolot. ol=e FHFE A
Yol= 2 7HA] WAYE, FE UYEEF ol 22E9
S22 2o Qg Ho] ZF A #E9 H9
9 ol AbA RO falt 42 & HdoA A
T Q7oA 1ERS FAAFAY 299 HY
4 HEE A9 SA= A9 HE shtE=
Zog A=W 2o oy HY TR EE _‘1,1]

I & 9 A 35 22 g8l o) saka
2 4 tKPrzewozny et al., 2015).

TG} FH X9 ST Atololl= e Aol
Aot ZoE WEAHEY FHIFA 9 FVh= 257
I} TR} Alolof| A AAAHCE T =UTtHWang et
al, 2018a). *Lj_{b] AR A2 L7} F=AO 1S
g FY&AdS £57] 9 o] € SV A
ol Qlct. o]z|gt HAGL FAoA Fstdor, &
Azt A &g o] S7Ietl et 1EYe] A
o] Ax} F7KeIt ¥ 15 HESAY 1%
Ato]9] &1 A= AT oA BFolA s
AJtHWang et al, 2018b). Y 42 &2 Y &+
= 9 v ¥ g #Ho] tkKuang et al.,
2019) T8 ¢ A I A E LEAC] HY

AZ EolgH G&40|al AE 7hstt A7 29
O}ﬂr

Dongfeng-Tongji TEE ATo|A HFHEAT 11
A9 AW BUIRE 2 APF g k20| Qe
A7HAet v FS o, E9] "”‘401]/\1 TEL o]
1.1602 =}toH, 183 ¥=
A @Yol 1.398 =of o] 9\7\‘/{1‘:}. HEREA o] A
A A&F 2 1Y Aol tigk HAHH]|(OR)
£ 1.25(95% CI = 1.10-1.42)°130t}. Fd 48 =&

of thet A EE HfFo= g dHAF 2 HEREA o A]
2 &g Eo] 1EY AE 7K AAE AEagl
o7 IQIEYHWang et al., 2018).

ESE @Ae] 1AL vl HHEAT o] )
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o} 1987-1989¢9] 47| @9] w3l Eq'ﬂ' 2013
Wojl 25|71 AAH FH 5

o] Eto] k7|9 HE&AN HHo| U EJ—O}
1 YtHReed et al., 2019).

Gy 9 7EY B 0lo] thE I1ET} H|w5}o]
o & HZgolE BHor, ols F T Aol H7Z+
of s} A5&Q AIE AAele AR HEAh
(Rolim et al., 2015).

AukARl AR A -S  coronary heart disease,
CHD)9] 91382 ¢ Fo| S7Istel ot HAt 37t
gk ARl Yy v T o S 2 S5% o
9] HE&EAo] = AR AFTolA 2+ 19% 9
20%, 1Fatof| A 33% 2 41%2] =2 CHD 98 &
Aot A o)A o4, dAlFE, T LSl
%5]_,‘1 _,_gt‘r 8¢ = o]AP;q;d—g_Z_O] 011‘: _u]%l
AL Atolo A A/do] o EHstal, 1 139}
9] A/go] Eg5HA Uehsth. HHo| TA1E, 1EF
%, LY E= o FAEEZo] Y= 5= oY
A2 CHDoﬂ 35 YFjoint effect)= v
EgE CHD #H AAIAXE(biomarker) itk A
&4 o] ST weEt oAREQlry YAyt
CHD §9E Atololl 85-9-8 TA7} AL 4= 1oH,

AE/d2 CHD & YA A H| 9o FEH o= 4
E 4 9YHFang et al, 2018).

AT é]_il(cardio-vascular diseases, CVD)2 &
F2)¢t 7HY =2 AW Eor IE Fao
A ZEEAT TolQld FLr A Yt FEd
A2 odH o FAdo] CVD g8 o dHs &
o] Slgitt. i3S9 AtollA AT AE AR dH
2 Y odsle} o] It Wattamwar et al., 2018).
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737G AAREE AL 22 8210 wet AlRtE
L = R = L =) i A 5 o [ P e S p 2
AR FHEE|o] 12} HALOA o]l Aol tisiAgt 2
2t AARE AAlske TAIE 22 FARRRS] &8 A
gto] Qltt.
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A2 £E 22| A0 DX= HE2-ARY 28to| J3F 343

(1.104-1.230)019L0, H@FHEQ2-3-4 kH) o= &

T2 o] disia 28] 1.178(1.105-1.256)
Fio] 1.181(1.097-1.271)& Bt

o] AT A7} AT WsHTEY, )] He}
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A%o] PPN BHE B AR Fo] AL
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3 A7 a 39 oAE AAAT ol 2%
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