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Relationship between liver function indicators and exposure time among male workers

occupationally exposed to hepatotoxic substances YAN Lili', ZHANG Qinyu’, CHEN Jiemei', ZHANG
Jiming?, ZHOU Zhijun’, ZHANG Xuetao' (1. Shanghai Institute of Occupational Safety and Health, Shanghai 200041,
China; 2. School of Public Health, Fudan University, Shanghai 200032, China)

Abstract : Objective To understand the liver function status of male workers occupationally exposed to hepatotoxic
substances and to explore the relationship between liver function indicators and exposed hazards, providing a basis for
formulating reasonable health monitoring plans and effective protective measures. Methods Health examination data of male
workers engaged in work related to hepatotoxic substances from 2013 to 2021 at a certain occupational disease prevention
institution in Shanghai was collected. The occurrences of various liver function indicators and their relationship with age or
exposure time were studied. Results Over 9 years, 92 788 male workers were examined. The exposure time of these
workers occupationally exposed to hepatotoxic substances ranged from 0.5 to 45.0 years, with a median value of 5.0 years.
A total of 52 096 workers were tested for all 8 liver function indicators. The abnormality rates of each liver function
indicator were as follows: ALT 22.7%, AST 4.4%, TP 0.0%, ALB 0.5%, TBIL 44.2%, DBIL 16.9%, GGT 15.7%, and
ALP 4.2% . Overall, the indicators ALT, AST, and GGT showed an increasing trend with years of service (r = 0.045-
0.155, P < 0.05), with GGT having the strongest correlation with years of service. DBIL and ALP showed a decreasing

trend with years of service (r = —0.180, —0.033, P < 0.05). There was no significant correlation between years of service
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and TBIL levels

(P > 0.05). After age stratification, most age groups still showed a correlation between liver cell damage

indicators (ALT, AST, GGT, and ALP) and years of service; in the younger age group, the correlation between AST, GGT,

and ALP with years of service was consistent with the overall results; in the older age group, the correlation was no longer

significant. The correlation between the liver synthesis and metabolism indicator DBIL and years of service only appeared in

the 18-29 age group. Conclusions With proper protection, long—term, low—level exposure to hepatotoxic substances does

not cause severe health damage to workers. However, as years of service increase, there is still potential for liver function

impairment. Enterprises need to standardize operating procedures, ensure exposure levels are below the national exposure

limits, and protect the health of workers.
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AT 92 788 | T NI AAIRMIEFE . AWFFEC AT B
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G2 W) B IURRO) I BRIZ Wb 1), 4548 5 1911 R
S AH 4 W K ALT 5 ~ 40 U/L,AST 8 ~ 40 U/L,
GGT 11 ~ 50 U/L,ALP 45 ~ 125 U/L,TP 60 ~ 80 ¢/L,
ALB 40 ~ 55 g/L,TBIL 3.4 ~ 17.1 pmol/L,DBIL 0 ~
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PR 55 2013—2021 4%, RRAE AR K: B0 9 R
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AST TP ,ALB . TBIL .DBIL . GGT Fl ALP $§ ¥ 5 547
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Ay RIERKA ALT AST TP ALB TBIL DBIL GGT ALP 8 JR AT AN
2013 2336 2336 211 203 203 349 203 278 203 203
2014 8 646 8 635 2310 1982 1982 2130 1982 2276 1993 1982
2015 8327 8293 4135 4109 4109 4113 4109 4123 4118 4106
2016 9419 9 407 6079 5830 5830 5 830 5829 6027 6027 5829
2017 10 490 10 481 7 140 6 709 6 709 6710 6 699 6 964 6962 6 697
2018 13 258 13 235 9 199 8 470 8 470 8 471 8 466 8 745 8 744 8 465
2019 13 952 13 948 9503 8 798 8 798 8 800 8797 9 097 9094 8797
2020 13 174 13 169 8718 7973 7973 8 336 7972 8 265 8 264 7972
2021 13 190 13 176 8 693 8 047 8 047 8 366 8 045 8352 8352 8 045
Eiit 92 788 92 680 55 988 52 121 52 121 53 105 52102 54127 53757 52 096

0.ALB 0.5% .TBIL 44.2% .DBIL 16.9% .GGT 15.7%  J W 1T 48 9 452 45 09 35 1 ALT \AST .GGT #1 ALP 5
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TS BYAH O R WP FRAETE , ALP 2 7E 50 ~ 59
BB S E TR 2 IEMH (P <0.05) BT
4 %5 AR 048 AR DBIL 5423 T8 iy A DG ME Y
WILTE 18 ~ 29 B AR IS B, HAh AR % BE 19 DBIL 5 4%
ETWAFAMEE(P>0.05), WE2~F£T,

BAEZE — BB RS R ERR AR AEE TR 2.4 Kﬁ]#%ﬁ%ﬂ%ﬁlﬁ“%‘&%‘
It AH 8 Rk UK, AT Spearman A EME 3T, MAATE MEAK FF , ALT . AST .GGT . ALP . TBIL £ Il {5

WEFE X4 ALT L AST Fil GGT A3 B4 3 194 i 8
M E R (r=0.045 ~ 0.155,P < 0.05), HHrh
GGT F 3% T i AH G M e i . DBIL Al ALP A7 B
B2 TR 3G i B e (r = ~0.180,-0.033,

HERGFEEMERXE (r=0.010 ~ 0.188,P <

0.05), HH GCT By AH M et . DBIL 5 4 8 A7 15

AR (r=-0.053,P < 0.05),
FEEE T A S S 0L T, Bl A B 3,

P <0.05), WFFEXT G453 T A TBIL RS ME JCAH W58 X 52 R0 4336 A 10 28 b # B4 TH A Ak — 2
9‘%9‘&%(1) >0.05). {H ALT . TBIL.DBIL Fl AST 7E Q4 4 ,ALP 7E Q3 Hl
TR DIEZ )G, KB ER B RS 04 HRAFERATFAMHEIE(P>0.05), W2~ %7,
Fz 2 TR AT IR EE DAY 5 Ol AR ALT A £
Q1 2 Q3 04 JEEIN
L) gy SR SR B S A S iR SROE e
% LRI (B%  KE (B% Rl (B B (8% fRim (B
%) /%) /%) /%) £%)
21.0 1771 23.0 2 700 25.0 1454 25.0 106 23.0 6 031
18~29 28693 (14,0.33.0) (183) (16.0,23.0) (21.1) (17.0,39.0) (24.9) (16.0,44.0) (26.2) (15.0,36.0) (21.0) 114 <001
24.0 1114 26.0 2 630 26.0 3 803 28.0 2930 26.0 10 527
30~3940729 (17937.0) (21.9) (18.0,39.0) (24.7) (18.0,41.0) (26.5) (19.0,42.0) (28.1) (18.0,40.0) (25.8) 0072 <0.01
24.0 206 26.0 635 25.0 846 26.0 1795 25.0 3482
40~ 49 16 268 (17.0,34.0) (18.3) (18.0,38.0) (23.3) (18.0,36.0) (21.0) (18.0,37.0) (21.4) (18.0,37.0) (21.4) 0.017.0.033
21.0 37 22.0 107 21.0 152 23.0 634 22.0 930
20~39 6637 (160.29.0) (10.8) (17.0,31.0) (13.1) (16.0,30.3) (12.2) (17.0,32.0) (15.0) (17.0,32.0) (14.0) 0047 <0.01
19.0 4 21.0 4 21.0 11 22.0 29 22.0 48
= 60 353 (14.3,26.8) (14.3) (17.0,27.0) (7.40) (17.0,30.5) (12.9) (16.0,32.0) (15.6) (16.0,31.0) (13.6) 0.082 - 0.126
A 22.0 3132 24.0 6 126 26.0 6 266 26.0 5494 25.0 21018
Bk 92680 (15.0,340) (193) (17.0,37.0) (22.5) (18.0,39.0) (24.5) (18.0,38.0) (232) (17.0,38.0) (22.7) 0088 <0.01
rH® 0.124 0.079 -0.007 -0.117 0.058
P1H <0.01 <0.01 0.266 <0.01 <0.01
E KA N RSB (Pas, Prs) , U/L; OASTRNAE IS 20 51 HB ALT 5 T8 %) Spearman A1 3¢ 22 8 ; @A [A] T#42H 54 ALT 5 4E 12 1Y Spearman
P
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Q1 02 Q3 Q4 JsyiN
R s SR SR SR SR SWOR o pyy
% K AE (% SRUINTED (FH A e (S5 ioRILKIER (S5 K AE (RH
R/%) /%) F%) /%) /%)
19.0 19.0 20.0 20.0 19.0
18 ~29 16 464 (16.0.23.0) 212(3.8) (17.0.24.0) 311(4.3) (17.0.25.0) 158(4.8) (17.0.25.0) 16(6.6) (17.0.24.0) 697(4.2) 0.053 <0.01
20.0 20.0 20.0 21.0 20.0 1221
30~39 25850 (17 240) 135(43) (170.25.0) 298(45) (1700 25.0) H11(46) (170 250) 37754 (170.250) (a7) 0021 <001
20.0 21.0 20.0 20.0 20.0
40~49 10124 (B0 33(5.0) (o TI0 ) 79049) (LB 96(4) (o070 o) 219(40) (1, Tk o) 427(4.2) ~0.027 <001
21.0 21.0 20.0 20.0 20.0
50~59 3389 (150 250) 323 (180,25.0) 542 (170,24.0) 1926 (170.24.0) 7432) (170.24,0) 107(3.2) ~0.031 0.073
2.0 24.0 2.5 211 2.0
= 60 101 (00,2450 O (188,253) 21D (190.273) 2(48) (170,27.0) 0(63) (130 265) 10(62) ~0.048 0.549
ik 550988 (17%)0'340) 383(4.0) (17%)0‘350) 705(4.4) (17%)0'350) 682(4.5) (17%)0'350) 692(4.6) (17%0'250) (24422) 0.045 <0.01
- 0.105 0.115 0.032 ~0.035 0.068
P <0.01 <0.01 <0.01 <0.01 <0.01

KO0 B P, Pr) UL (DR R 4150 AST 15 T 9 Spearman 4636 5 80 @ i) T8 413 AST 5 40 19 Spearman
NESTS
4 LU T VT IO R R b 5 PR I AT TBIL A 17

Q1 02 03 04 JETIN
R o St I S B St bilE St bilE SEWOE o p
% b iRIRIER SEH bRk S K AE (5% b iRIIRIER (5% bR SE
RI%) %) %) RI%) R%)
16.0 2308 15.9 2947 16.0 1341 15.4 89 15.9 6 685
18~2915654 (157 503) (432) (12.6,20.1) (423) (125,20.1) (42.9) (11.7,19.9) (39.4) (12.6,20.1) (42.7) 001 0200
16.3 1336 16.2 2 804 16.5 3914 16.1 2812 16.3 10 866
30~39 24365 (159.202) (45.0) (12.9,203) (442) (13.1,20.6) (463) (12.8,20.3) (42.6) (13.0,20.4) (446) 0005 0.392
16.2 288 16.2 689 16.5 1021 16.5 2387 16.4 4385
40~49 9629 (159 19.9) (44.0) (132,20.5) (43.7) (13.1,204) (46.6) (13.1,20.6) (459) (13.1,20.5) (45.5) 0-003 0.803
17.8 72 16.5 160 16.2 245 16.0 970 16.2 1 447
0~39 3298 (137514) (558) (12.6,20.1) (46.0) (12.5,20.3) (43.9) (12.5,19.9) (42.9) (12.5,20.0) (43.9) ~0:055 <0.01
16.2 2 16.5 6 16.6 20 16.2 40 16.4 68
=60 159 (160.23.0) (40.0) (12.8,23.6) (333) (12.6,20.7) (47.6) (12.9,19.9) (42.6) (13.0,202) (42.8) ~0-069 0.389
i 16.2 4006 16.1 6 606 16.3 6 541 16.2 6298 162 23451
P4
BIE 53105 (15 6903) (44.1) (12.8.202) (433) (13.0,205) (455) (12.8.203) (43.8) (12.8,203) (44) 0-006 0.165
r{E® 0.024 0.031 0.036 0.008 0.023
P 0.022 <0.01 <0.01 0324 <0.01

e KIE R T ALEC (P, Prs) , pmol/L; DA [A)4E i 25 5 v TBIL 5 T#% 11 Spearman #H 5 2% ; @A [[] T 41 %1 b TBIL 5 4E 1 114
Spearman FH ¢ A %5 .

RS b T A VR A L 5 A R R DBIL AG I 5

01 02 03 04 SR
SN ‘ SHwbIs SR S LX S SHOE 5o p
% KM AE (54 K AE (5 oRIlKIER (5 K AE (55 RrMAE (5%
%) £/%) %) /%) /%)

18~29 15199 4.7(3.4,6.4) (128885) 4.6(3.3.6.3) (113828) 45(32,6.1) (157397) 44(3.1,6.0) 43(19.2) 4.6(3.3,6.3) (213545) ~0.034 <0.01
30 ~ 39 23 942 4.4(3.2,5.9) (]45637) 44(3.2,6.0) (112%3) 45(33,6.0) (112878) 44(32,5.8) (]95925) 44(32,5.9) (312036) ~0.007 0.260
40 ~49 9521 4.2(3.0,5.7) 92(14.1) 4.4(3.2,5.9) (12;‘56) 4.4(33,5.9) (135312) 45(3.3,5.9) (5237) 44(32,59) (11‘5‘751) 0.015 0.134
50~59 3282 4.7(3.7,6.3) 22(17.1) 4.4(2.9,6.2) 63(18.1) 4.3(3.1,5.8) 82(14.7) 43(3.1,5.7) (f§§;> 43(3.0,5.8) (;‘3559) ~0.029 0.094
=60 158 4.0(3.2,5.8) 1(20.0) 4.8(4.0,6.2) 3(16.7) 3.8(3.2,5.1) 3(7.1) 3.7(2.8,5.3) 12(12.9) 4.0(3.1,5.3) 19(12.0) =0.109 0.174
: 1663 2 662 2343 2138 8 806
[y !
Bk 52102 46033,62) (89 4s5G2,60) 299 45G2,60) 320 44G2,59) A8F 4562600 S5F) 0033 <oor
r e ~0.090 ~0.061 ~0.018 ~0.012 20.053
P <0.01 <0.01 0.032 0.161 <0.01

e KIE AL (Pos, Prs) , pmol/L; D AN [FIAE & 21 51 o DBIL 5 T4 1) Spearman 3¢ R %0; @ AR T4 41 51+ DBIL 5414 1
Spearman FH ¢ R4,
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=6 LUl R A E B A L S PR R AR GG A
01 02 03 04 JERUN
R o ‘ SEbE SHOE SHGIE SHEOE SHOIB g0 pla
% K AE (53 RN (5% LioRIlKIER (5% LoRllNIER (5% RN (5
%) /%) %) /%) ES)
2.0 424 23.0 659 25.0 429 29.0 44 23.0 1 556
18~2915742 (17031.0) (7.8) (17.0,33.0) (9.5) (19.0,38.0) (13.7) (20.0,43.0) (18.6) (17.0,33.0) (9.9) 0106 <0.01
25.0 426 26.0 971 26.0 1442 29.0 1289 27.0 4128
30~39°2499% (190,37.0) (13.8) (19.0,39.0) (14.8) (19.0,40.0) (165) (20.0,440) (19.5) (19.0,41.0) (16.5) 076 <001
27.0 118 29.0 331 30.0 464 30.0 1139 30.0 2052
40~499905 (550 420) (17.9) (21.0,45.0) (20.6) (21.0,45.0) (19.9) (21.0,46.0) (214) (21.0,45.0) (20.7) 0037 <0.01
24.5 20 30.0 74 29.0 104 31.0 506 30.0 704
0~39 3328 (180,41.0) (154) (21.0,46.0) (21.1) (21.0,43.0) (18.5) (22.0,48.0) (22.1) (21.3,47.0) (21.2) 0057 <001
= 1sg 540 3 62.0 12 325 13 29.0 18 32.0 46 0164 140
= (20.5,168.0) (60.0) (24.3,81.3) (66.7) (19.5,553) (31.0) (24.0,425) (19.4) (23.8,55.0) (29.1) :
A 23.0 991 25.0 2047 27.0 2452 30.0 2996 26.0 8 486
[}
BIE 54127 (155340) (107) (18.0,37.0) (13.2) (19.0,41.0) (166) (21.0,460) (20.6) (19.0,40.0) (157) 0155 <001
rH® 0.174 0.174 0.107 0.050 0.188
P <0.001 <0.01 <0.01 <0.01 <0.01
ARG R P (Pas, Prs) , UL O ASEAERY 0 9 GOT 5 T4 () Spearman 26 R4 @ AT T AL H GOT S54F #3119 Spearman
A R B
R 7 T AR RE A PR ER A A ALP AR B
1 02 4 PEEEN
R o SR SR S B EX SHOIK 5 Py
4 R ORI ORI O R ORI R R W G
/%) /%) /%) (%) /%)
78.0 76.0 76.0 73.5 76.0 710
18~29 15598 (4 70a0) 28105:3) (640.92.0) 29143) (63.0,00.0) 1839 (6239000 730 (64.0,00.0) (46) 0040 <001
76.5 75.0 75.0 74.0 75.0 876
30 ~39 24812 (¢4 0 9 0) 12641 (635 91.0) 21633 (65 5. 90.0) 332G38) (650.89.0) 20231 (630,900) (3.5) ~0045 <001
81.0 79.0 78.0 75.0 76.0 476
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