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Abstract

Objective: To investigate the relationship between total mercury content in blood and liver func-
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tion in American adults from 2015 to 2016. Method: Demographic, diet, questionnaire and labor-
atory data from the NHANES public database were selected from 1638 adults aged 20 years and
older in the United States as research objects. Chi-square test and t-test were used for statistical
analysis, and multivariate linear regression analysis was performed for demographic and lifestyle
factors to analyze the changes of liver function indexes when blood mercury concentration in-
creased. Results: Blood mercury was 1.3771 * 2.05657 pg/L, and gender affected blood mercury
and liver function indexes (p < 0.01). People with a BMI < 24 have the highest blood mercury con-
centration. Serum mercury was positively correlated with ALT, ALT/AST in liver function (p <
0.001), and negatively correlated with ALP (p < 0.001). There was significant correlation between
blood mercury and various liver function indexes in women and overweight and obese people.
Diabetes has little effect on blood mercury and liver function. Conclusion: There is a correlation
between serum mercury concentration and liver function index, but this result varies according to
gender and obesity.
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1. 51§

TRICHEATE, 48K 2 BN KRR B (05R, P ln & A F 2R & 2 m I fUR0 DKL 2 2k a0,
FREEHT, R 2GRS RGP 5%, REPERNSEMERG R, SIRE[1], W
i~ dhiE. AREEDAR. 102 IR AR, M miT2]. B, O[3 RGAETE R 51[4]

JEF R NAR B R [ A RS B, R AR & R R s & AR 32 BT, IF BLAE /I IRt L R, 85
G AR5 7 T R ¥ AR F[5]e % WL Ao E 8 R RREAN, . S B e I 2 o IR P R 7 A PP
s, SEREAERFPRET ASGEE 200 TN, (HAEERFTAESET AN 4% [6]. H AT B g A
YL TR FR VPN T DHRE[7], BB RAREILEBEFAST). SRR B EHEF(ALT). AST/ALT. Btk
FEBF(ALP). » BRI EH(GGT)S, FIWTEL T MG FEEE[S], FFohabks & By T il 580 R U
KT 995 3 o

—SEEN WS IGAIE W R R B 2 AN R . BTRE . B AEFE ARk, JEEEBESE AST. ALT MFH&, 4
Wi TR R IR ) ALP IR EETH s, HE—ANH 5 ALP ¥R FF#[8]. A RRIEE S RUAEW—1H, Bx
JE4547 141 ALP F AST 22339 /1[9]. {HJ& Poursafa %[10]. KB, AST. ALT A&bifi IR K F DY 4317 5%
(RGN 35 3 0 o E — T0UX ARV 7E F 3 SR T et DX () N TR AT 98 XURS: 2 AT RO R BT TR AE 72 rh, R B
i KB 28 5 W OR Y5 YRR BRI B35 22 R [11]. W TR 5T hRe (B B8 RIGAFER — 540, BRI, A&
WL AT T 2015~2016 4F-3 [H B N MRS TR & B SR IRAn o0 R, T RR B0 N KT DhEE 5%
M, AN R R o N AR R I s

2. Bk
2.1. ARAE
FT A a2 mT LA NHANES I3 (https://wwwn.cdc.gov/nchs/nhanes/Default.aspx) 3K 15, 1% 943k & 25
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58 IR R RO A EARR R A . AR HT T 2015~2016 4R IEE, LA 9971 42 E WA, HF
B 1B MR DIRER IR IS 53, FUE 20 2 LU R BEh R IT A BMIL EPA il DHA FEATE DL
I AT TS 5 E AR, SRR YCE AR R BB DL 2 5 5 B HERR AR AL . S22 W TR 1638
N, Z5FEERAOTRER” A 1.

2015-2016NHANES 3t

97145 5%
42524258205 IR
233185 55O TE
RS HHE A

FRS5#33504
144 S 5550 I ThRsta s
16984 2 53 8/ MR $44E

AHF TN 16384

s 5%

Figure 1. Flowchart of the participant selection process
E 1. s5&mEIIRNRIZE

2.2. M5RAME

Ha AR B 1 MR A AFAE-20°C %A T, FRIR A SLI0 2= 0 #,  f30 F P BORR A 55 B 1A Bl 25 I I ol i
(ICP-DRC-MS) il & SR I & &, TEIG I 278 36 [ 42 ) 5 Ty O i s 36 = 0. s ok A il F B
(LLOD)#y 0.28 pg/L, X T45FAKT LLOD [Mysr#r#y, fERdEsMEA A, tH5 778 LLOD BREL 2 i1
J7 R (LLOD/sqrt [2]).

2.3. FFIheE

JFIEE & R A RRA LI (AST) REMREIELBIG(ALT), 440 M8 58Sk 40 H i 43 B+
X P A 0 I35 K TR [12], o ALT 040 B 42 473 A998 B8 BLARR S [13], AST 2 A[HAt T3
JHFBEAH SCFE T 2R (¥ 58 BT K] 1~ [14]. AST/ALT FH-F 22w 452 M. T2 A& K 1A & 1 (ALB)
(P — My, AT IhRESZ AT, i (8 A (ALB) KPR, % T E R0l . Bk B R (ALP)
AT RFRE . B SRR S IR (R, ALP Ay D& BHE BB GGT) 2 AR br &Y. FFIEE
B ZACUT R, 5 G AHRIThRE, AR D Re R EL ] S BUR IBLL R (TBIL) FHsi[15].

TER BGOSR R IR RE AR 2 A e ds 28 0SB %, i) Beckman UniCel® DxC 800 IIfi bR 5
gL M s AT ShREfa bR ALT. ALP. AST. GGT HIREMIFRI A 5 UL, HEA ALB &Mz A 1 g/dL,
SHEZZE TBIL 4 0.1 mg/dL.

2.4, BERNEREZE
BATN AL T PR A& 52 L7152 RS 5 R ThRE R AR BRI R VR 2 IR 25, B HEAEWS L M ik
HAE K EWEEN . WASTHEPIR). AHEIEH(BMI). DHA F1 EPA RGO WRIRIL 1S

DAL A BE R -
BMI Bt H T R AR E (kg) B LA & i (1)1 77, FE0 MR E A 2 (<18.5). 1EH(18.5~24). i Hi(24~28)
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HREE>28) YN0 . AR R R & B 5N C[16], ZH Q-3 RIAMAR I EL H i =18k 1.
IR (EPAYFI — - B /N 75 12 (DHA) I N 15K, EPA FI DHA 45 N7 10 I 2 308 3k 95 R e A B N B H BT Ko
WEHRER W 3 3 0L 375 T %5 7 IR P o o AR R WS o ST RIS < —4EEDIEE 12 MO N
CRT MR CURIBET /T AN CARIEFE” o TR CBERASMERIRE? TN 271
Fh “RERIEEET , /|7 BEH CHEREIREEE .

25. Gttt

FE T WTFEN R — UL, SRR AIIH £ P2 (X £ SD)FR, R EUHEE )&
s QLRI LEEER D o7 R el t A e o ARHE W SO0 GIMRSAE, SR 1D BEdRAR ISR 9 A2 0F 1IQR 1
HI TR R AT S REFE AR B A5 A1, DRIEAE T B SR B0 AT e i LA i s R IS P AT 1 k(]
F i, LABEFC MoK 5 AP DR fa bR Z [ AR G E . AE RV Ar b, 34T 7 DU PITHr: AMELIE TR 2% A
RN RAFI 2 AR AN R, FEARYE R RRE IR . BMI BEAT 40 2 . RAERA A A B
FHEIR . AT T et o T SPSS25 A . p < 0.05 BN N EA Giit i o

3. &R
3.1 MIRTVRPEXIFR

AR GAERS M + FRifE2E(SD) Ny 50.45 + 17.4 % FEMFI4ER N 51.11 £ 7.55 %, 1 ik
PIERE Ty 49.8 £ 17.24 % . HbERIEF W I ANIIS 538 P b Ll s m, 55 iR 2 (0A 25 .
fEmP L, B ANBCLE, BLSWIRZERAE, AR A TSR ASRE, &
R NBERE, BB ER LN L, WIENEE NS 5312, EPA AT DHA ()3 A\ & 0.0945 + 0.0681
gm/R A1 0.0448 £ 0.0801 gm/k, TN EPA ZRUIE, BIERAEZ . PIEAMABHEEI N S K22,
SR A NECTE 22 0 AR, BB SR B 7%, K B AR Z . aRA 1.3771
+2.05657 pg/L, VERISZ M MR A IEE(p < 0.01). 7 1 BoR THFFERT G —MURFHE

Table 1. General characteristics of participants

=1 AT EN—AREFE

A h<t 5 % pfH
N 1638 815 823
R 50.45 + 17.4 51.1+17.55 49.8 +17.24 0.13
BIIAFEREAN 260 (15.9) 111 (13.6) 149 (18.1)
HALTEIE T & 221 (13.5) 103 (12.6) 118 (14.3)
iz LTI AN 632 (38.6) 336 (41.2) 296 (36) 0.039"
T BA 320 (19.5) 156 (19.1) 164 (19.9)
Ho AR 205 (12.5) 109 (13.4) 96 (11.7)
9 EHLLT 153 (9.3) 72 (8.8) 81(9.8)
9~11 161 (9.8) 78 (9.6) 83 (10.1)
HE KT %$Ei§§%ED & 384 (23.4) 208 (25.5) 176 (21.4) 0.091
—HER B AA AL 484 (29.5) 220 (27) 264 (32.1)
KEEENL B DL 1 456 (27.8) 237 (29.1) 219 (26.6)
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WY 848 (51.8) 470 (57.7) 378 (45.9)
FAMRR 108 (6.6) 30 (3.7) 78 (9.5)
J— B 5 177 (10.8) 71(8.7) 106 (12.9) <0.001™
43 JE 43 (2.6) 17 (2.1) 26 (3.2)
FRE 297 (18.1) 142 (17.4) 155 (18.8)
o 165 (10.1) 85 (10.4) 80 (9.7)
<1 335 (20.5) 152 (18.7) 183 (22.2)
W FNFEH b 1~4 904 (55.2) 457 (56.1) 447 (54.3) 0.186
4+ 399 (24.4) 206 (25.3) 193 (23.5)
REAE 23 (1.4) 9(1.1) 14 (1.7)
BMI IEH 292 (17.8) 136 (16.7) 156 (19) <0001
A 421 (25.7) 245 (30.1) 176 (21.4)
JE 902 (55.1) 425 (52.1) 477 (58)
EPA A& (gm/R) 0.0945 + 0.0681 0.1079 + 0.0747 0.0812+0.0580  <0.001™"
DHA A& (gm/K) 0.0448 + 0.0801 0.0482 + 0.0800 0.0414 + 0.0802 0.88
A 357 (21.8) 221 (27.1) 136 (16.5)
W R L <0.001
NT 1281 (78.2) 594 (72.9) 687 (83.5)
el 1174 (71.7) 669 (82.1) 505 (61.4)
R <0.001
AR 464 (28.3) 146 (17.9) 318 (38.6)
W R B PR B 279 (17) 166 (20.4) 113 (13.7)
it AW SR 1359 (83) 649 (79.6) 710 (86.3) <0001
IR AR (ng/L) 1.3771+£2.05657  1.5378+2.38848  1.2181+1.65005  0.002™
REARAEEHHE(AST) (UIL) 25.89 + 23.225 27.53 + 14.036 24.26 + 29.559 0.004™
BRIRA LT B(ALT) (UIL) 24,96 + 16.659 28.49 + 17.635 21.46+14.833  <0.001""
ALT/AST 0.9619 + 0.30088 1.026 +0.329 0.8984 + 0.25493  <0.001™"
y BREMFEF I (GGT) (U/L) 27.27 +34.134 29.54 + 24,757 25.04 + 41.272 0.008™
TR B R B (ALP) (1U/L) 69.15 + 23.161 67.61 +19.105 70.68 + 26.499 0.007™
BMJHATZ(TBIL) (mg/dL) 0.5485+0.27622  0.6202 £0.28523  0.4775+0.24749  <0.001
FH & H(ALB) (g/L) 43.24 +3.338 44.08 + 3.337 42.42 +3.129 <0.001

BdEoN n ()BT +£SD, EPA: HBRTUAER, DHA: —+ BRNEER, p AR T e IGE A%, p

<0.05; “p<0.01; "p<0.001,

3.2. MRSATIIREIRARAKRE AL

2 oR T IR BB BE AL AR S RE R AR A AR AL BT IQR MR AE L, HetE . R S I L
BMI 7335, S ONBEIM R EE TR A7 %04 0.73 ug/L, AST. ALT. ALT/AST. GGT. ALP. TBIL. ALB HjifL
TR P L B ) 23 UL, 21 U/L. 0.9091. 19.5U/L. 66 IU/L. 0.5 mg/dL. 43g/L. %71 ALP, 5tk
W B T e, BRI Lo Y R A Th REFEAR A R EE I ZE R (p < 0.01). A& 75 A BB IR S B R
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. ALP. GGT (p <0.01), BRI HEE N GGT M ALP By Ay m T hHE . RONATIh e 5 AR R 2%
Ul ek BMI DL 24 953 52k, BMI > 24 Sy s FIEEL . I 5 R0 AR AN (i 4 il ok 2 o T IR e A
HH(p <0.01), AT EABEERK A E. HWEMEMELR ALT. ALT/AST. GGT. ALP ¥EZ & T
IEH#H(p<0.01), {HTBIL. ALB &E KT IEH 4 (p < 0.001). B AR ARAR T 75 AT Th e 48 A5 5
BN, AN R ALB FEAE2 I (p < 0.001), PRAEXT GGT. ALP. TBIL. ALB =45 (p < 0.05).

Table 2. Median (IQR) values for serum mercury concentration and measures of liver function in the study population
= 2. R AR IIERIREFIRT I EE 4R AR AL B (IQR) &

AT
- M TAMEGE BRBRGHE AT TEANE mpmm T eme
(ho/L) (AST) (UIL)  (ALT) (UIL) GGT) Uy AP UL (mg/dL) (ALB) (@b)
p) 0.73(0.42,1.41) 23(20,28)  21(16,28) 0.9091 (0.7586, 1.1053) 19.5(14,29)  66(54,80) 0.5(0.4,0.7) 43 (41, 46)
076(0.42,1.48) 25(21,29)  25(19,32)  0.9697(0.8,1.1905)  23(16,34)  65(54,79) 0.6(0.4,0.8) 44 (42,46)
5 % 072(0.42,1.32) 22(19,26)  18(15,23) 0.8571 (0.7273, 1) 17(13,25)  67(54,82) 0.4(0.3,06) 42 (40, 45)
p fE 0.002" <0.004™ <0.001"" <0.001"" <0.008” 0.007™ <0.001"" <0.001™"

B IR 0.7(0.41,1.28)  23(19, 28) 22(17,30)  0.9474 (0.8056,1.1739) 23 (16, 35) 69(56,88) 0.5(0.4,0.7) 43 (40, 44)
FEPRR O ARBEIRR 074 (0.42,1.42)  23(20, 27) 21 (16, 28) 0.8947 (0.75, 1.087) 19 (14, 28) 65(54,79) 0.5(0.4,0.7) 44 (41, 46)

p i 0.313 0.293 0.098 0.084 0.002" <0.001™" 0.837 <0.001™"

BMI<24 0.89(0.43,1.69) 23(19,27)  18(14,25) 0.8125 (0.68, 1) 16(13,22)  60(49,73) 0.6(0.4,0.8) 45 (42, 46)

BMI{  BMI>24 071(0.41,1.33) 23(20,28)  21(17,29) 009286 (0.7826,1.1333) 21(15,31)  68(56,81) 05(0.4,0.7)  43(41,45)
p & 0.001" 0.664 <0.001™" <0.001™" 0.003" <0.001™" <0.001"" <0.001™"

YRil#  0.755(0.43,1.47) 23(20,28) 21(16,28.25) 0.913(0.7647,1.1111)  20(15,29)  65(54,79) 0.5(0.4,0.7) 44 (41, 46)

ok

YOreRBL JEYKEE 0.68(0.38,1.31) 23(19.25,27)  20(16,26)  0.8889 (0.7333,1.0899) 18.5(13.25,27) 68(55,83.75) 0.5(0.3,0.7) 43 (41, 45)

p i 0.39 0.329 0.326 0.052 0.071 0.104 0.438 <0.001™"

WA 0.77 (0.45,1.47) 23 (20, 28) 21(16,28)  0.9091 (0.76, 1.1044) 19 (14,28)  66(53,79.5) 0.5(0.4,0.7) 43 (41, 46)
IR HEAR AEAR 059 (0.36,1.215) 22(19,27.5)  21(16,27) 0.9 (0.7524, 1.1111) 22 (16, 34) 67 (56,84) 05(0.3,0.6) 44 (41, 46)

p & 0.088 0.617 0.426 0.838 0.038" 0.030" 0.008™ 0.547

“p AR FE TR K, Tp<0.05; Tp<0.01; "p<0.001.

3.3. MREMIEIERIXFR

LRPERNASE RN 3, faj Bk Rl A R BF Mok A1 ALT. ALB fEfERE I IEA X (p < 0.001), 5 ALP
SRERFAHK(P < 0.001). EXFFARKANEZRES, kS ALT. ALT/AST. ALP. AST. GGT ff
TEIEA K (p < 0.01), 5 ALP fKIH S %3 5 AH % (p < 0.001).

XPEREAT 20 B b, Lo R AR GGT AN ThREIR bRl A AHOCHE, 1 B ALP 2%
BRI (p < 0.001) o FEXT BRI SRR AR RN R AT B J5 , 53 1% 5 ASTALT.ALT/AST £ IEAH K (p < 0.05),
45 ALT. ALT/AST FEE AR B &M IEM 5%(p < 0.001), 55 ML, ZLtExt ALT. ALT/AST (50
TR, ALP 5 SV LRSS AH G (p < 0.01) 0 KB RIFEAT 732047, HERR FARIR A% R 25 5 (0 JRos i
HINE ALTIAST AFAESu T2 55 (p < 0.05), A ENE SR I N BE R MR AR 5 K 2 B DhRe fa b A 2 2 AH o0
PEo X BMI 3T 20T )5, R IR E AR AL R IR A 5 2 BT s Refabr i e gt 25, HA ALT.
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T,

ALT/AST. ALP 5 A (p <0.001). H#HEH1. FERF BMI 232081 B RZEK 95% CI DL 2 G
JEIR, e TE 7 RIS M o BT 2

Table 3. Results of linear regression analysis of the change in the g coefficient of the natural logarithm conversion concen-
tration for each liver function marker stratified by sex, diabetes, and BMI based on the increase in the natural logarithm con-
version concentration of blood mercury in the entire study population

® 3. IRFEEANMR AR PR B A B HORERIEM, ZBMER). #BERFEEERN BMI 2E, SMFERES

M B A HRE R f RHEUH LM EVADITER

p= 3 5 Bl PR BMI
JE ik TR @ 8] Rt JE4h BRI RS © JEREIRE © BM<24° BMI>24°
0.022 0.026 0.013 0024 o4 © 0.03 0.008 0.027 0.027 0.02
In AST (0.005,  (0.008, (-0.009,  (0.001, 0.0 47)*' (0.004,  (-0.047,  (0.009,  (-0.013,  (0.001,
0.038)"  0.043)"  0.035) 0.048)" ' 0.055)" 0.062) 0.045)" 0.066) 0.039)"
0.041 0.06 0.024 0.051 0.047 0.076 0.055 0.059 0.059 0.049
In ALT (0.018,  (0.038,  (-0.007, (0.02, (0.016, (0.044,  (-0.006,  (0.035, (0.008, (0.023,
0.064)™" 0.083)""  0.055) 0.082)"™ 0.078)" 0.109)™  0.116)  0.084)™  0.111)"  0.075)""
0.019 0.035 0.011 0.026 0.023 0.047 0.047 0.032 0.032 0.029
In ALT/AST  (0.004, (0.02 (-0.01, (0.006, (0.002, (0.026, (0.011, (0.016,  (-0.001,  (0.012,
0.034)"  0.049)™  0.032) 0.047)" 0.044)"  0.067)™  0.083)°  0.049)™  0.066)  0.046)™"
0.026 0.046 0.011 0.033 0.03 0051 (0,09 0.051 0.032 0.038
INnGGT  (-0.005, (0.014,  (-0.028, (-0.007, (-0.018,  (0.001, 0 oé) ' (0.017, (-0.037,  (0.002,
0.057)  0.078)"  0.051) 0.074) 0.077) 0.101)" ' 0.085)" 0.101) 0.075)"
-0.053  -0.037 -0.046  —0.039 -0.06 -0.037 -0.034 -0.038 -0.026 -0.04
In ALP (-0.068, (-0.053, (-0.065, (-0.059, (-0.085 ~ (-0.062, (-0.076, (-0.055, (-0.063,  (-0.059,
-0.038)™" 0.021)™ -0.027)"" 0.018)" 0.036)™" -0.011)"  0.008) 0.02)™" 0.011)  0.022)™
0.041 0.026 0.024 0.028 0.046 0.033 0.057 0.018 0.026 0.023
In TBIL (0.013, (-0.003, (-0.009, (-0.008,  (0.004,  (-0.012, (-0.013, (-0.014, (-0.04,  (—0.009,
0.068)"  0.054) 0.057) 0.063) 0.089)" 0.079) 0.127) 0.049) 0.091) 0.055)
0.007 0.004 0.002 0.001 0.011 0.008 0.004 0.004 -0.002 0.006
In ALB (0.003, (o, (-0.004, (-0.005,  (0.008, (0.002, (-0.01, (o, (-0.012,  (0.001,
0.011)™"  0.008) 0.0 07) 0.006)  0.017)™  0.014)" 0.018) 0.008)" 0.008) 0.011)"

HDAKT(95% CFor. a: RAEMEHI. BMI. BERRTE . & . #EAKT. SER. N STHE L. EPA A
DHA NS . R AAIOEAR AT . b: RIE BMI. BEIRR. E#. Rk, ZEAKF. SR, NS
L. EPA F1 DHA BT WBDIRC AR LT R EE . ¢ RAEMEA. BMIL 85, R, #E KT 1B
Rt NS L. EPA 1 DHA AT MR SAUOPDIR AT VR . d: IRIEVERI. BEERM . ERS. Fhig.
HEAKT. BRI, N ST EE. EPA FT DHA BB WEAR SRR 4T % . "p < 0.05; “p < 0.01;

ke

p < 0.001,
4. g

MR T 2 R S S B TS, T T AN SR AR I Fu iR, AR AATTH W
R AR ARE AR, (Ed AN ER, S AR EIERERGAE, HeRENRERE, FIIRAY
B AR R R LA D R HE AR Ak, EAURMEE, T HN AR Sonsa B i, b %2 oRIE
GLff B RN TIBH R X N AR P A K 5

BATRIL, VERIS MR AR ThRetatn G 25, B MR T &, BRI LRI P A R,
RN R GGT. ALP. FIEAAZER . MEREAEE ABFMIRENR, 1 BMI < 24 PN IREER &
IR JHE A0 G P T R AR BR800 K o IR 5 T D R FE AR A 4 23 I OREE, MRIKFE S ALP f21E 835 SiAH G,
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Figure 2. Stratified by (a) sex, (b) diabetes, and (c) BMI based on changes in g coefficients of mercury and each liver en-
zyme obtained using multivariate linear regression
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