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Applying kurtosis-adjusted equivalent continuous A-weighted sound pressure level to evaluate
risk of occupational hearing loss associated with non-steady state noise GAO Xiangjing', REN
Hong', YUAN Weiming’, QUAN Changjian', XIE Hongwei', LUAN Yuging', ZHANG Meibian’
(1. Occupational Health and Radiation Protection Institute, Zhejiang Provincial Center for Disease
Control and Prevention, Hangzhou, Zhejiang 310051, China; 2. National Institution for
Occupational Health and Poison Control, Chinese Center for Disease Control and Prevention,
Beijing 100050, China)

Abstract:

[Background] Equivalent continuous A-weighted sound pressure level is not appropriate for
evaluating the risk of non-steady noise exposure, and need to be corrected by noise time-
domain structure, but the correction method and its applicability need to be discussed.

[Objective] To validate the application of the kurtosis-adjusted normalization of equivalent
continuous A-weighted sound pressure level to a normal 8 h working day ( Lae,ss) in assessing
noise-induced hearing loss (NIHL), and to improve the methods for assessing occupational
hearing loss associated with different types of noise.
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Audiometric and shift-long noise exposure data were acquired from a population(n=2 466) of screened workers exposed to
noise between 70 dB(A) and 95 dB(A) from 6 industries in China. The cohort data were collapsed into 1 dB(A) bins, and the average
kurtosis and noise-induced permanent threshold shifts at 3 kHz, 4 kHz, and 6 kHz (NIPTS,,) within 1 dB(A) were calculated respectively.
According to the existing correction method, the adjustment coefficient A was calculated by multiple regression, and L,.,s, Was corrected
by A (L'peqsn)- The entire cohort was divided into K, (<10; steady noise), K, (10~50; non-steady noise), and K; (>50; non-steady noise)
groups based on mean kurtosis levels. Predicted NIPTS,,, was calculated using the ISO 1999 model for each participant and the actual
measured NIPTS;,; was corrected for age and gender. The underestimated NIPTS,,; was the difference between the values of estimated
NIPTS;4s and the corresponding actual NIPTS;,,. To validate the applicability of L's 51, in evaluating NIHL, the correlation between L'y, 51
and HFNIHL, and the mean difference between real NIPTS;,; and estimated NIPTS,,; were analyzed.

The adjustment coefficient A was determined at 5.43. The results of multiple logistic regression analysis showed that the
relationship between L'y.,s and HFNIHL increased from 6.6% to 9.6% after the kurtosis adjustment. The DRR of L.,s1, and HFNIHL
showed that the percentage of HFNIHL decreased after the adjustment of kurtosis in the non-steady noise groups, and the regression
lines of the non-steady noise groups approached that of the steady noise group. The R’ of the K, group increased from 0.935 3 to 0.986 3,
and the R of the K, group increased from 0.905 6 to 0.951 6. Under the un-adjusted condition, the NIPTS,,, underestimation for the K,
group was significantly higher than that for the steady noise group (t=-3.23, P=0.001). After the L,.,s, Was adjusted by kurtosis, the
NIPTS,,s underestimation decreased significantly in the three kurtosis groups (K;: t=6.78, P<0.001; K,: t=14.31, P<0.001; K,: t=11.06,
P <0.001). There was no significant difference in the degree of underestimation between the three kurtosis groups (K; vs K,: t=-0.22, P=
0.830; K, vs K5: t=—1.40, P=0.205) as the curves of the three kurtosis groups were nearly overlapped.

The kurtosis-adjusted L., 5, can effectively estimate the hearing loss associated with non-steady state noise.

kurtosis; equivalent continuous A-weighted sound pressure level; non-steady state noise; hearing loss; occupational exposure
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TEEEREG Lueqs, ST DK XM, R, B
SR HAENEEKFE TFIEEIBAERIG Lyeqsn 5 HFNIHL
BIRBEME, LA Lpegsn 5 NIPTS IR R, WIFIEEEEE
[& Lpeqsn TEAREIEEKF T LT SRR AVIE A4,
1.7 %RitrErDH

MR ROER . BEK. sﬁe@éﬁ’\]ﬂ“*méft;u
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10 75 2 58 K T 79(87.3044.86) dB(A), F 1T I BYF
s REKFIYAT 85 dB(A), EEFIEIEE. I
AEIEE M(IQR) /3 22.20(34.25) , REW FNIK T RS,
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Table 1 General information, noise exposure, and hearing loss of participants
51 (Gender), n(%) " FERIK/F &
EE Sl 1Tk Afi“/”/e i Exposure 1, /dB(A) Kuf‘;is HENIHUEZHHSE  NIPTS,,¢/dB HL
Noise type Industry S duration/years Xts (Detection rate)/% M(IQR)
5 (Male) Z(Female) MUQR) MUIQR) M(IQR)
=Ey ZH40
B . 4 ,JL 106(68.40) 49(31.60) 37.00(13.00) 9.00(6.00) 86.7616.25 10.75(10.98) 38.3 21.50(19.88)
Steady noise Textile
SR
;:ifL 62(64.60) 34(35.40) 50.00(11.75)  11.00(9.75) 88.27+4.15 8.90(7.65) 45.8 27.00(20.21)
ElZ =8 RAaW
Non-steady Fu;niture 353(87.40) 51(12.60) 32.00(16.00) 3.00(5.00) 87.64%4.57 114.40(160.25) 485 25.58(16.58)
noise
AESE
_LE%JJ‘T 744(80.70)  178(19.30) 35.00(11.00) 7.00(11.90)  87.72+3.83 16.60(18.73) 24.3 21.50(14.04)
Automobile
% 1|35\
EREEL 191(71.50) 76(28.50) 36.00(17.00) 5.00(8.00) 88.3545.36 19.50(30.60) 24.7 21.67(14.00)
Metal product
] =%
Lm%_\ﬂ, 396(63.70)  226(36.30) 35.00(11.00) 9.40(12.00)  85.9945.57 25.85(27.08) 25.1 21.33(14.00)
General equipment
PR
T':('):l 1852(75.10)  614(24.90) 35.00(13.00) 7.00(10.10)  87.30+4.86 22.20(34.25) 28.2 22.17(15.17)
2.2 IZETAEE Lygsn IRE BMAE.E 1A, 3NIEEAD L, I B

1 ARFENEEL Lyegsn 5 NIPTS;, ZIBIK R
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Lpeqsn % B8 1dB(A) SEE(E 18), 3 I& E A1
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GEIA: BUARE; Bl 38 Lagsn M 1 dB(A) NEMIFHTTH EEHNESEL
K, NIRSIREAR, K, K, WIFREREH, =F42 3 MEEAN
[Note] A: Scatter plot; B: 1 dB(A) bin collapse scatter plot. K,, steady noise
group; K, and K;: non-steady group; three linear trend lines of the
three groups.
1 Lpeqsn S NIPTS;, BYEURE
Figure 1 Scatter plot between NIPTS;,s and Lyeqgh

BT 1dB(A) D EIE Luegen 5 NIPTS,,c B LR M 4E
%, 1R1E Goley""HI A &, LA NIPTS,0 IR Z &, Lpegsn
MigB/10) NELEE, MEZARLMETAFE.
SRR 2T Lpeqsn T NIPTS,, BI B TR B )y
Nyiprs,, =—15.76+0.44L peq 5 vy TRELHY R?=0.70; IEEJEEE[D]
U3 48 B N yprs,, =—14.92+0.45L 5o 51 +2.421g( By/10) , 18
A9 R*=0.81, LLIAEERIIE M T 0.11, WPAIEE ARG
BAERNINEEREILIN. /K18 Goley™ M 75%, 1
BARUA FTEEIFERVIEE PR b,/b,, BlA=2.42/
0.45=5.43, IEEIRAEEEHY Lpcqsn BT L reqsns HLEFITE
U FEEVREE Lueqsn FIRREL: L'yeqsn=Laeqsnt5-4318( By /10)o
2.3 LU'peqsn TE7Efd NIHL REVEFR1E

ST Luegsns Laeqsn 5 HFNIHL BIAB X M T Z AR
logistic [B])3 53 #fr, TR 5. BENK. IEEHA AL

YF5HE, LRINK 3 FT7No Laegsn = HFNIHL BB AR,
Fie. MR BEMK. IBEM Ly, X HFNIHL BYF
MR BRITFERN L'peqsn 5 HFNIHL BUIREL A, £
i MR BEBIEA L'peqsn X HFNIHL BIEIME B 4
ITEBEN, BEST HFNIHL T, MM A EFMREE
2 M7 Z B B Bl F (variance inflation factor, VIF) #5318
1, RIAR VI AEEHEL M IEEIFAEF], HFNIHL
BE Lueqsn BVFHE TGN, Lacqsn L IN 1 dB(A), HFNIHL
BYH B 18I0 6.6%( OR=1.066, 95%Cl: 1.046~1.087,
P<0.001); I8 EAEEIT, L'seqsn TIEIN 1dB(A), HFNIHL
B9 16 H == 1810 9.6%( OR=1.096, 95%C/: 1.073~1.120,
P<0.001)o

T2 Lueqsh B L'aeqsn 5 NIPTS;, BIEIIFERILER
Table 2 Results of regression models using Lyeqsn and L'aeqsn t0
estimate NIPTS;,¢

& (Variable) t P b(95%Cl)
1#EE11(Model 1)
BB (Intercept) -3.74 0.001 -15.76(-24.46~-7.05)
Lpeash 8.77 <0.001 0.44(0.34~0.55)

1RE12(Model 2)

B (Intercept) -15.41 0.005 -14.92(-24.94~-3.09)
Lyeqsn 8.61 <0.001 0.45(0.34~0.55)
1g(By/10) 0.38 <0.001 2.42(10.86~15.69)

[ 1 10 Nuprsyge=botbilacgsns R=0.70, F=76.96; B EY 20 Nyprsy,o=
Bo+b1Lneq s n+D,18(By/10), R=0.82, F=37.12, A=b,/b,=5.43,
[Note] Model 1: Nuprsyq=botbilpegsy R°=0.70, F=76.96; Model 2:
Nyprssag=bo+b1laees n+b,18(By/10), R*=0.82, F=37.12, A=b,/b;=5.43.

LA 3 dB(A) NN Luegsn HITH B, DT RFEIE
FELBMA Lyegsr VEFIFS HFNIHL E’\J%IJE-&FI%%O
WE 2A F7R, & EIAEERT, K, ZH89 HFNIHL 48 H ZRER
E5T K, A (t=-4.59, P=0.004) , K, 1 K, £889 R* 133!
79 0.840 7 #1 0.935 3; IZEIFE /T, K, ZHRY HFNIHL 12
H =R BA & P& (t=6.09, P=0.001) , 7 & -/ I % Z B4k
5k B/ LFESE(t=-1.13, P=0.301), HE " A S H
0.986 3, YNE 28 F7R, I EAEERT, K, 2BHY HFNIHL 14
R ESF K A (t=—4.75, P=0.003), T B &
Lneqsn FILEK, FIZE 2 (8] HFNIHLIG HHERZ BRI AN, 1
EEZES, K, 2289 HFNIHL BA 2 B&{K(t=4.59, P=0.004) ,
HE-RINXFRZS K, A)1FES(t=-1.15,P=0.295),
FH R* M 0.905 6 75 90.951 6,
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K3 Lpeq,sn )4 L' req8n 5 HFNIHL 894814
Table 3 Relationships of Lyeqgh and L'seqgn With HENIHL

TE
S, Wald 9

Voriable b 5 e OR (95%Cl) P
itk
Model 1
Laeqsn 0.064 0.010 41.440 1.066(1.046~1.087) <0.001
Fig
Age 0.072 0.006 144.050 1.075(1.062~1.087) <0.001
B
Male 0.393 0.106 13.723 1.481(1.203~1.823) <0.001
RENK

0.060 0.028 0.672 1.028(0.955~1.106) 0.011

Exposure duration

324

. 0.003 0.001 23.058
Kurtosis

1.003(1.002~1.004) <0.001

1D
Model 2

L'peqgn 0.092 0.011 70.654 1.096(1.073~1.120) <0.001

Fi

0.075 0.006 142.846
Age

1.078(1.065~1.091) <0.001

M

Male 0.354 0.115 9.413

1.425(1.136~1.786)  0.002

RENK

. 0.042 0.007 1.633
Exposure duration

1.042(0.963~1.128)  0.020

e 3555

. 0.000 0.001 0.015
Kurtosis

1.000(0.999~1.001)  0.901

[E]* UZERTIRA, BB 1 VIF DFUF: Ligsns 1.012; FH8, 1.546;
R EK, 1.525; %5, 1.022; A 2VIF 5B L'eqsn 1.014;
i, 1.546; BEBI, 1.525; M35, 1.029,

[Note] *I Female as the control group. VIF (Model 1): Lyeqsh 1.012; age,

1.546; exposure duration, 1.525; gender, 1.022; VIF (Model 2):
L'neqens 1.014; age, 1.546; exposure duration, 1.525; gender, 1.029.

3FRRANEIEELA S, UL 3dB(A) AL
Laeasn EIT D BT, EETEHEHIfF 150 1999 12 8 3¢
NIPTS;, FUM{E S NIPTS,, SEMEZBINEEBETHIE
Je ERER, 3 MEE AR NIPTS,, FUNE IR T
NIPTS,6 KB, RILIZEIIBE Lyegsn BIIEINTIIE Ko
3A B, B EIAZERT, K, 2B NIPTS,,, FUNE S 2
BZBEEER/IN, K. K HBY NIPTS,, REEEYS
F K, 4H, &b K, ZHHY NIPTS,,, (REIEES K, AL
BESITFER(t=-3.23, P=0.001), E 3B B, I&E
AEE, 3 NMEEAR NIPTS,,, REEES AL
1219 BA B PR 1R(K,: t=6.78, P<0.001; K,. t=14.31, P<
0.001; K,. t=11.06, P<0.001), 3 NI E A HI NIPTS,,,
REBHEELAES, REEEERTHRITFEN(K,
vs K,: t=—0.22, P=0.830; K, vs K, t=—1.40, P=0.205) o

35

(]

—e— K, R?=0.840 7
30 | | ™ K,, R?=0.9353
—— K,-A%&(Adjusted), R=0.986 3

25

20

15

HFNIHL/%

10

76 78 80 82 84 8 88 90 92 94
Lpeq,51/dB(A)

35

—e— K, R?=0.840 7
30 | |~ Ks, R?=0.905 6
—— K-JAZE(Adjusted),
R?=0.951 6

25

20

HFNIHL/%

15

10

7‘6 7é 8‘0 éZ 8‘4 8‘6 8‘8 96 9‘2 9‘4
Lpeq,5n/dB(A)
CElA: k, FIEEIREFIEM K, 4; 8: K, MIEEFEFIFH K, Ao K,
NIBEIRELR, K K RIFRESIREL,
[Note] A: K, and crude and adjusted K,; B: K, and crude and adjusted K.
K,, steady noise group; K, and K;: non-steady groups.
B2 Lueqsn 5 HFNIHL 97 B-REI%FR
Figure 2 The dose-response relationships between
Lpeqsn and HFNIHL

18 —— K
1s —— K,
—a— Ky

[
N

NIPTS,,s/dB HL
o

3
0 L L L L L L L L
73 76 79 8 85 88 91 94
Laeq s1/dB(A)
°
—o— K-TAEE (Adjusted)
15 1| o k- I (Adjusted)
1 —a— K- JA%E(Adjusted)
o
I
Q9
e
46
&
=2
3
0 L L L L L
82 8 8 91 94
-3

L'peq,s +/dB(A)

CEI K, AREIREH, K, K, FIERESRELR,
[Note] K,, steady noise group; K, and K;: non-steady groups.
3 IEEAZER (A). /5 (B) FEIEELH 1SO 1999 1#E
Xt NIPTS;, BOFNMR G TE
Figure 3 Underestimated NIPTS,,4 by ISO 1999 model before
(A) and after (B) kurtosis adjustment
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KRARFMAAFRTRFHERSEHTERT
AR Lpegsn TAEERELA(A=5.43) , (EF A T Lpegsn 32
ITEIE, BEINEETAEEEHY L' eqano FIAABHEIBIIE
T L'peqsn 5 HFNIHL B9AEX B EIE 1N, IEEHE G
1SO 1999 TREBUTT NIPTS,,, BIFTUMI RS LS 10,

SRR ARATIRE R R REE, IEETEITH NIHL
RERIESEER Y, BEFULHRER, Goley™
RET —MFBIEERAREER A BEKNGE, HMED
M(AEER) REZRBEHEPONRSARRK A=
4.02), BIBI s EIRIASHRER R A F—EiEH
FAL ANEEEREETRERERZEIMAN
Pk, BNARFIF 2 466 FREBRETANRITRE
BIBHSETERT ALNARERIK A(A=5.43), fF
FAAST Lpeqsn BITEIERT L'eqsne FIAABERITH
FEIRIIE L' peq s TITEITIRK RIS A M

AEFUEE Z A 2 logistic BT Laegsn L'acqsn
5 HFNIHL RYRE X1, RINEEVIEER] Lyeqsn 5 HFNIHL
HIMEXMR 6.6%, IEE AR EHEXMIRSE 9.6%, &R
BA L'seqsn X3 HENIHL B SZ0EE A0, BD L'peqsn S5 HFNIHL
B9 X ML AN,

WIS DM Lpegsn 5 HINIHLIFIE-RN X R, &
ML REE TR SIRE (K. Ky) BY HENIHL 12 =R
PESTRESREA, MEERBRITERNX(K, vsK;:
t=—4.59, P=0.004; K, vs K;. t=—4.75, P=0.003) , X Z< B8
ERBSRESKHEIREELISHE™ENT R
Ko X—ARBIFAMARNZS, AR RIRE S
AN EPRIRA B EiLERG T IFRESRE SO
HI|EY, B3 ER, EERAEGIERSKRE
ZH(Kye Ky) BY HFNIHL 40 ) 2R BE R PR (K, t=6.09, P=
0.001; Ky: t=4.59, P=0.004) , M B Ky K; B Lyegsn 5
HFENIHL 97 2-RNEES K, AR LFESE. L1448
KOWMEI, IEEREET, L'peqsn 5 HFNIHL BIZE14EHE
KEARIZIN(FRAR R 3IIGIN) , FREA L'peqsn BIEETE
& HENIHL (I XBR, X—E RS A X RITRFIBAEL
B3, AR EHZ S CNE 5 HFNIHL B9 MR X LE
VAEEFIRE B pt 20,

DITIEEEAZERNS 150 1999 HEAITT NIPTS,, 151
EENTHERL AR SEEAMIFRSIREAN
NIPTSs 6 RAGIZEEIIFE Lycqsr BYIGINTIE Ko 1EEE 1A
a0, RREHB NIPTS,,, REEER/D, IFREIE
ALHB NIPTS,, REEENS TRESRESA, HP S
£ FEN2 7S 40 (I& Z > 50) BY NIPTS,,¢ (R IZEREE IR E

g INmig K, 5REREAELERBPRE. X—4%
RE5HIEAATE R —EK, BN 150 1999 R AIXT NIPTS,,6
REZESRAEFLL A ERE, SIEEA(IEE >
75) B9 NIPTS,,, R GIZERE B TiRASREARY, EE
BEG, BSREANIERSIRE LB NIPTS,, G
BRI, —ZHHEE LTS, RIAFERERE
AWRABNEERTREBRES, BEREEE 10
1999 1R EIXT NIPTS,,s BTN &, AL, I8 E FE
Laeqsn a5 150 1999 4R B BT LA B Mt TN AR AR A5
BB IR TR NIPTS, ., M B 4F HIT (IR E S
Ui wakinEN

AAARNRERET ARG EETRANETR, 18
EMEY A BR D AN R DN HERRSH RS
KREANEASERERK, MBERI ABLLZ@E AR
BEEFHNRERR, XEE—EEE LEIEIN T iE
ERE. AT IHEBERNIARZRRNA, FE2EH T
RIARBIRE BEABFLURE, BNEEIEMNIERES
BBEABYE

22 LR, (@i ABHIAE, Goley IREAIAE R IR
A7 5.43, RIEE AR Lyegsn(L'aeqsn) AT B BIES
1SO 1999 1R BN IEFS IR S B NIPTS,,s FIFUNE
WE, B AT AR MIRE LR TH HENIHL, 18
ITIE RS BB ITEINERE T R FEKIE,

SE Xk
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