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Trend and prediction of fatality due to occupational injuries in China XU Ting', MO Youhua',
MENG Shidi%, ZHU Xiaojun™ (1. School of Public Health, Guangdong Pharmaceutical University,
Guangzhou, Guangdong 510240, China; 2. National Center for Occupational Safety and Health,
National Health Commission of the People's Republic of China, Beijing 102308, China)

Abstract:

[Background] Occupational injury is one of the important causes of death among the working
population and a worldwide hot topic, but there are few relevant studies on the trend and pre-
diction of occupational injury attributable deaths in China.

[Objective] To analyze the trend of occupational injury attributable deaths in China from 2000 to
2019, predict the deaths of occupational injuries in China from 2020 to 2024 by contructing a
gray GM(1,1) model, and provid a reference for surveillance and assessment of occupational in-
juries.

[Methods] Mortality, crude mortality rates, and standardized mortality rates of occupational in-
juries in China by year, sex, and age groups were calculated using data of the Global Burden of
Disease (GBD) 2019 study. Join-point model was used to analyze possible trend of standardized
mortality rate from 2000 to 2019, and calculate annual percentage change (APC) and average
annual percentage change (AAPC). After a gray model GM(1,1) was established, the accuracy of
the model was evaluated by posterior error ratio (C) and small error probability (P) and rated as
Level 1 (good, €<0.35 and P=0.95) or Level 2 (qualified, 0.35 < C<0.50 and 0.80<P < 0.95). Then
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the gray model was further used to predict the number of deaths and standardized mortality rates of occupational injuries in China from
2020 to 2024.

From 2000 to 2019, the deaths due to occupational injuries in China showed a downward trend, the number of deaths decreased
from 111557 to 61780, the crude mortality rate decreased from 8.58/100000 to 4.34/100000, the standardized mortality rate decreased
from 7.67/100000 to 3.65/100 000, and the AAPC of standardized mortality rate was -4.0% (P < 0.05); the number of male deaths decreased
from 87760 to 49192, and the male standardized mortality rate decreased from 11.78/100000 to 5.68/100000; the number of female
deaths decreased from 23797 to 12588, and the female standardized mortality rate decreased from 3.34/100000 to 1.55/100000; the
AAPCs of male and female standardized mortality rate were -3.9% and -4.1% respectively. The accuracy of the established gray model
for deaths (C=0.09, P=1) was rated as Level 1, and that for standardized mortality rate (C=0.41, P=0.9) was rated as level 2, which allowed
forpredictionextrapolation. The modelshowedthatfrom2020t0 2024, the numberof occupationalinjuryattributable deathswouldbe 76 039,
73849,71721, 69655, and 67 649, and the standardized mortality rate would be 4.23/100000, 4.07/100000, 3.92/100000, 3.77/100 000,

and 3.62/100000, respectively.

From 2000 to 2019, the standardized mortality rate of occupational injuries in China showed a downward trend, and it is
predicted that the standardized mortality rate from 2020 to 2024 will still show a downward trend, but the number of deaths will remain
high, so it is necessary to continue to strengthen prevention and control of occupational injuries.

occupational injury; death; Join-point model; gray model; trend analysis
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REXFPEABRIGEHIERETPEAOZE
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percentage change, AAPC) . 1, BIE R EHE—52
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FERICRREIZ SR Y Joinpoint, APC 1 AAPC ITEATA:

APC =100 x (&’ 1)
AAPC =100 x (¢’ /T - 1)
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¥ F Matlab2021 3014, 3¢ 2000—2019 FEHE A
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TSR UIRTE,

2 &R
2.1 2000 5 2019 FHE AR (5 F /YR A
FE 531

FRE A BRI ERIFET2UM 2000 FEHY 111557
ANTBEE] 2019 FE89 61780 A, FEIES 44.6%. tAFET-
M 2000 F HY 8.58/10 /5 T [£ 2 2019 F£ B9 4.34/
10 J7, BEWE A 49.42%, 2019 FEhE A BRI A EE
TEBEREREBEM, HFET 309 49192 1(79.6%) , 5L
T &N 6.79/10 5; EEMRA D L, 25~34, 35~44,
45~54 = N EFRARTREXNRE, 25179 6.58/
10 /3. 6.60/10 /3« 6.21/10 /3, L3R 1,

&1 2000 F£5 2019 FHERFEMEFIFELL AW HERTER
Table 1 Occupational injury attributable deaths by sex and age in China in 2000 and 2019

e 2000%F (Year) 2019%F(Year)
(Group) ¥ [10)2454 HFETE FET¥ [2)37:4 FFETE
(Number of deaths) (Proportion)/% (Crude death rate)/10™° (Number of deaths) (Proportion)/% (Crude death rate)/10™°

T4E5(Sex)

E(Male) 87760 78.67 13.09 49192 79.62 6.79

2Z(Female) 23797 21.33 3.78 12588 20.38 1.80
FEW84R/ % (Age group/years)

15~24 18771 16.83 9.13 6714 10.87 4.28

25~34 34185 30.64 13.45 15774 25.53 6.58

35~44 26223 23.51 13.25 13363 21.63 6.60

45~54 19537 17.51 12.71 15309 24.78 6.21

55~64 8845 7.93 9.81 7564 12.24 4.36

=265 3998 3.58 4.60 3057 4.95 1.83
&1t(Total) 111557 100.00 8.58 61780 100.00 4.34

[F [ EUERIR T 2IKER 118 2019,
[Note] Data source: Global Burden of Disease 2019.
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2.2 2000—2019 FHREABFRWHENFETELE
2000—2019 5, FEAZBFRU A ERRLIETE

LM TEER, M 7.67/10 5 FBEEI 3.65/10 75, T

BT =, APC 1 AAPC {E339-4.0%(P<0.05), EHHFE

MARIET-EM 11.78/10 5 FFEZ 5.68/10 /5, 1Y
BETFE3.9%(P<0.05) ; ZHEFREFET-ZEM 3.34/10 5
TBEEI 1.55/10 /5, FHEFETFE 4.1%(P<0.05), Il
ER

&2 2000—2019 FFRRMHIERILAERIIRMEE TR RIEE

Table 2 Standardized mortality rates and trends of occupational injuries by sex from 2000 to 2019

B (Male) %Z(Female) Ait(Total)

&
(Year) L dme TRUFET % a4 RUFETE e e Ame

(Number of deaths) (Standardized mortality rate)/10™ (Number of deaths) (Standardized mortality rate)/10° (Number of deaths) (Standardized mortality rate)/10™
2000 87760 11.78 23797 3.34 111557 7.67
2001 85237 11.28 23062 3.19 108299 7.34
2002 83239 10.87 22572 3.07 105812 7.06
2003 81260 10.46 220552 2.95 103316 6.79
2004 78632 9.99 21289 2.81 99921 6.50
2005 75765 9.50 20465 2.66 96230 6.14
2006 72916 9.03 19605 2.52 92521 5.83
2007 70087 8.57 18753 2.38 88840 5.53
2008 67543 8.17 18078 2.27 85620 5.27
2009 64935 7.77 17322 2.16 82258 5.01
2010 62262 7.38 16513 2.04 78774 4.75
2011 60076 7.06 15865 1.95 75941 4.55
2012 58631 6.85 15438 1.89 74069 4.41
2013 57497 6.68 15112 1.85 72609 4.30
2014 55948 6.48 14642 1.79 70589 4.17
2015 55216 6.38 14453 1.76 69668 4.11
2016 55159 6.36 14473 1.77 69632 4.10
2017 52911 6.09 13746 1.68 66657 3.92
2018 50661 5.84 13049 1.60 63710 3.76
2019 49192 5.68 12588 1.55 61780 3.65
APC/% -3.9 -4.1 -4.0
AAPC/% -3.9 -4.1 -4.0
t -31.16 -28.94 -30.06
P 0.001 0.001 0.001

[F 18ERIREF2kERfAE 2019,
[Note] Data souce: Global burden of disease 2019.

2.3 FEABIIEEFR T MR HIETERRN aM(1,
1) TS A

A 2000—2019 A E A BRI FEIE T
BIURETNREER, SETEHRFUNER T 3. MARK
FRTEBIBR UK BFUNEE, FREE T ETNE

T3k 4.
24 HEABRWGEFRTHMIFMILTERMEER
oL8

REXRITATHREBRENFRELE =
0.09, /NMERIRE P=1, IRIEIBEFRII DA, &K
BINREEESRN 1 R4 RIER 4 BIR LI

CTEREEANGFNELIE =041, /NMERIRE P-=
0.9, ZIXK BIUNIREEEZF RN EE. & 2000—2019
FEHhEABIIEERTIR. AT RNTIES
GBD MEFEHITLLE, AJ LB H, HEHEAPSER
=, AR IN S MR GF. WE 1. B 2,
2.5 FREAEFRIAER T HMRCIE TR
A AR TR LT 2020—2024 FHEA
BEOVAEMF T, ERER, 2020—2024 FH
WHRENFETHMIFUETERE TRESR,
2024 FERHEIR TN 67649 A, FET-E A 3.63/
10 5. 3% 56
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&3 PEAHRWHGEET ALK GBD NEESKEREFTNELLE

Table 3 Comparison of estimated deaths due to occupational injuries in China by GBD and grey model

FH GBDNIEE FNE RE HEHRE Fn GBDE(AE FE RE HEHRE
(Year) (GBD measured value) (Predicted value) (Residual) (Relative error)/% (Year) (GBD measured value) (Predicted value) (Residual) (Relative error)/%
2000 138983 138983 O = 2010 96958 101852 -4894 5.05
2001 135267 132499 2768 2.05 2011 94323 98918 -4595 4.87
2002 131042 128682 2360 1.80 2012 92832 96069 -3237 3.49
2003 129245 124975 4270 3.30 2013 90299 93302 -3003 3.33
2004 123198 121376 1822 1.48 2014 87336 90614 -3278 3.75
2005 117998 117879 119 0.10 2015 88262 88004 258 0.29
2006 114436 114484 -48 0.04 2016 89799 85469 4330 4.82
2007 108096 111186 -3090 2.86 2017 87397 83007 4390 5.02
2008 104948 107983 -3035 2.89 2018 84838 80616 4222 4.98
2009 100896 104873 -3977 3.94 2019 84045 78294 5751 6.84

[F 1B RIEF 2R 1E 2019,
[Note] Data source: Global Burden of Disease 2019.

x4 PEASRIGERLIETE GBD NEESKEBRBFTNELLR

Table 4 Comparison of estimated standardized mortalities due to occupational injuries in China by GBD and grey model

15 GBDINE(E FUMIE hE HEHRE F45 GBDNEE FUMIE ThE EXIRE
(Year) (GBD measured value)/10™° (Predicted value)/10™ (Residual) (Relative error)/%| |(Year) (GBD measured value)/10™° (Predicted value)/10™ (Residual) (Relative error)/%
2000 9.57 9.57 o . 2010 5.84 6.24 -0.40 6.92
2001 9.17 8.85 0.32 3.51 2011 5.63 6.00 -0.37 6.66
2002 8.75 8.51 0.24 2.75 2012 5.50 5.77 -0.27 4.92
2003 8.50 8.19 0.31 3.68 2013 5.33 5.55 -0.22 4.14
2004 7.97 7.88 0.10 1.20 2014 5.15 5.34 -0.19 3.67
2005 7.54 7.58 -0.04 0.52 2015 5.19 5.14 0.05 0.90
2006 7.21 7.29 -0.08 1.14 2016 5.27 4.94 0.33 6.20
2007 6.73 7.01 -0.28 4.20 2017 5.13 4.76 0.37 7.23
2008 6.46 6.74 -0.29 4.46 2018 4.98 4.57 0.41 8.13
2009 6.14 6.49 -0.35 5.68 2019 4.94 4.40 0.54 10.95

[F [EBRR T £EkERHE 2019,
[Note] Data source: Global bBurden of Disease 2019.
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[Note] Data source: Global Burden of Disease 2019.
1 FRMAEFRTHMFUNES GBD NEELE

Figure 1 Predicted values of occupational injury attributable deaths compared with GBD estimation
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10.7

o
~
=

BB EARUIE /10 B
(Occupational injury attributable
standardized mortality rate/100 000)
N

~
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CF] #iEsRRF 2 kER A1 E 2019,
[Note] Data source: Global Burden of Disease 2019.
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B2 RABERCIETRNTNES GBD MEELR

Figure 2 Standardized mortality due to occupational injuries compared with GBD estimation

R 5 2020—2024 FHEABFRUAEFETHMIFUIETE
FMME
Table 5 Predictions of occupational injury attributable deaths
and standardized mortality in China from 2020 to 2024

{4 (Year) FET= 3 (Number of deaths) FET-Z (Mortality rate)/10
2020 76039 4.23
2021 73849 4.07
2022 71721 3.92
2023 69655 3.77
2024 67649 3.62

[ [ EERRT 2K&RRIE 2019

[Note] Data source: Global Burden of Disease 2019.

ZHA 53 REX GBD 2019 #IEE, SYER A EFR T
HITEB DTN RIT AT LI, R (HESE
TEERETEBM. 25~54 X NER KR, HAT T
FEMREAFERIGERTHERAR SENER
xAE, ARBHXI MRS I BETERLD >
65 Z AR R A EMIE T, WK 1 PR, 2019 F=
65 % ABFRVER A EIE T AEUX 3057 Ao TEFLFRA,
R LFohE R BATBRKFR, BMBERDABNL
Faidl, 2020 FE AR AOZEHIREER, 65~
69 T BF AR SE—FUHEFE AN 27.49%,
70 S R EEFE AL LB 11.76%" T2 65 %LU
ENFHEFEFEAERS, BitRmZ, KEHER
RTNES, B FERNDIRT, XE0 AR R ER
WHREFRTHIRFEFRS 2, SEHRTUXE

2000—2019 F, FEA BRI AERHIE TR —
BEETEEE, TTHM 111557 A TR 61780 A,
FRILFET-ZFR M 2000 ERY 7.67/10 5 FFEE) 2019 /Y
3.65/10 J5( AAPC=-4.0%, P < 0.05) , B4 M 11.78/10

TB%% 5.68/10 J5( AAPC=-3.9%, P < 0.05) , MM 3.34/
10 J5 FB&Z| 1.55/10 J5 (AAPC=-4.1%, P<0.05) . BRIl
HEFTCEN TR REREMREAENEZEER. Bk,
REEEHRLGEEHAET —RITZERHK
REM. R, EREIEHS, Bt Mylss AR
MR BRI D T AR EEIRFNE IR IR, BR TER (5=
Xb&. EBY, Attt RIREHEEM, AR
—RIIBEMZ2FI, RS T AT TEXPLEIIA
IR, BRI AEERENTTEEM. I, FEEETKFE
HARETIRS, BRI ENRCEKEMEENTNGEIZE
B TRA, E—EREELRLDTRUGEIRTA
B, BEEFITPEABRIUGERTERKIATIR,
2019 FEFET- AN 61780 A, LT ABIMAER RS,
FRILFET-F N 3.6536/10 A, &5 TBNE 27 NEXR
(1.77/10 73) "%, IR E K. AV FIDN AN E RENIE b,
PEEFREER A ETET A,

TR GM(1,1) =8 B B 8] = 5 R B R Y —Fh, 1%
BRI ER A T ENRBEUERM, FHEMK
AREMENEREIEERIER, LREIXT SRS
ERHLETRER, PERERS, &6 THiER
5l iR IE SR R AV IR EILt, REBREEE 2
ERATFEROERMFETEETNA, BRR LM,
2020—2030 FHERERENZREMFETC X EIFLE
EF#aEM, 2000—2024 EHERIBILT-RFIFE L
FUU, FERH I ER, AIRITHRFK 5 FERER
HEFRTH&RES AL, BUEE T 6GBD 2019 ARER {5
BT HAARIE TR X BB _EREFITIUN, R
EI, R A B HFUNE R R IIEELLE ¢ 9
0.09, /NEEZRIRE P 1 1; FRWIET-ZE(/10 H) KB
MERNERIEELLE cH 041, NERIZRE PR
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