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Abstract:

[Background] Heavy metals may play an important role in environmental risk factors associated
disorders of activities of daily living (ADL) in older adults.

[Objective] To investigate the associations between plasma levels of six heavy metals (zinc, ar-
senic, cadmium, lead, manganese, and copper) and ADL disorders in older adults.

[Methods] A cross-sectional survey was conducted from 2018 to 2019 among 1412 rural elderly
people in Gongcheng Yao Autonomous County, Guangxi Zhuang Autonomous Region. The plasma
metal concentrations were detected by inductively coupled plasma mass spectrometry (ICP-MS),
and subsequently classified into three groups (T1-T3) based on tertiles, with the T1 group as the
reference. The samples were assessed for ADL disorders using the ADL scale. Logistic regression
and restricted cubic spline model (RCS) were used to estimate the odds ratio (OR) and 95% confi-
dence interval (Cl) to assess the associations between heavy metals and the prevalence of re-
porting ADL disorders.

[Results] The mean age of the study population was (68.52 + 5.92) years, 825 (58.4%) female
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and 587 (41.6%) male. Of these, 372 (26.34%) subjects reported ADL disorders, and most of them were female (74.30%). The results of
logistic regression showed that the participants in the cadmium T2 group (0.15-0.25 pg-L™") had a higher risk of ADL disorders compared
to the T1 group (<0.15 pg-L™") (OR=1.552, 95%Cl: 1.086, 2.134). After stratification by sex, the relative risk of ADL disorders was lower in
the plasma copper T3 group (>1019.58 pg-L™") compared to the T1 group (<868.12 pg-L™") in men (OR=0.481, 95%Cl: 0.232, 0.998). The
relative risk of ADL disorders was higher in the plasma cadmium T2 group (0.15-0.25 pg-L™") compared to the T1 group (<0.15 pg-L™") in
women (OR=1.758, 95%Cl: 1.182, 2.616). The RCS results showed that the risk of ADL disorders in men was nonlinearly associated with

copper (Pnonlinear=0'0111 Povera i< 0'05)'

High levels of cadmium are positively associated with the risk of reporting ADL disorders, while high levels of copper are

negatively associated with the risk of reporting ADL disorders in men.

activity of daily living; plasma; heavy metal; elderly; restricted cubic spline
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Table 2 Distribution characteristics of plasma heavy metals by

groups

BI(Unit): pgLl™

I8 (Variable)

1EE4H(Normal group) ADLPEFSH(ADL disorder group)

tion/%)]
BB ER4A ADLFERS4H
& (Varaible) (Total) (Normal group) (ADL disorder group) P
(n=1412)  (n=1040) (n=372)
4351)(Sex) <0.001
B4 (Male) 587(41.6) 492(47.2) 95(25.7)
Z M (Female) 825(58.4) 551(52.8) 274(74.3)
FHY/% (Age, years), xts  68.5¢5.92  67.5£5.30 71.5%6.55 <0.001
ERH& (Ethnic group) 0.052
X B%(Han) 395(28.0) 274(26.3) 121(32.8)
IEH%(Yao) 950(67.3)  720(69.0) 230(62.3)
HAth(Others) 67(4.7) 49(4.7) 18(4.9)
X ¥F2E (Education) <0.001
INFE A (Primary school)  797(56.4)  526(50.4) 271(73.4)
s s 615(43.6) 517(49.6) 98(26.6)
school and above)
MR 4H (Smoking) <0.001
=(Yes) 285(20.2)  240(23.0) 45(12.2)
% (No) 1127(79.8) 803(77.0) 324(87.8)
TR7B(Drinking) <0.001
=(Yes) 518(36.7) 423(40.6) 95(25.7)
Z(No) 894(63.3)  620(59.4) 274(74.3)
J2BR(Insomnia) 0.240
=(Yes) 648(45.9)  469(45.0) 179(48.5)
Z(No) 764(54.1) 574(55.0) 190(51.5)
= MJE (Hypertension) 0.046
Z(Yes) 708(50.1)  507(48.6) 201(54.5)
Z(No) 704(49.9) 536(51.4) 168(45.5)
= M#E(Hyperglycemia) 0.820
Z(Yes) 422(29.9) 310(29.7) 112(30.4)
Z(No) 990(70.1)  733(70.3) 257(69.6)
BMI 0.130
1E & (Normal) 911(64.5)  650(62.3) 261(70.7)
#BE (Overweight) 422(29.9) 333(31.9) 89(24.1)
BER¥(Obese) 79(5.6) 60(5.8) 19(5.1)

M(Pys5 Pys) M(Pys5 Pys)
S AE(Total)
T (Arsenic) 1.22(0.94,1.97) 1.23(0.95,2.17) 0.45
$%(Cadmium) 0.18(0.12, 0.28) 0.19(0.13, 0.29) 0.57
$H(Copper) 933.39(817.96, 1075.83) 952.16(849.96, 1056.83)  0.20
$&(Manganese) 1.96(1.49, 2.84) 1.88(1.44,2.89) 0.44
$H(Lead) 5.04(3.34, 8.49) 5.14(3.25, 8.66) 0.59
$¥(Zinc) 993.01(752.41, 2505.93) 997.62(733.61, 2362.93) 0.32
Ft(male)
F#(Arsenic) 1.24(0.95,1.93) 1.27(0.91,1.72) 0.72
% (Cadmium) 0.19(0.12.0.29) 0.19(0.12, 0.35) 0.82
§Fl(Copper) 900.85(780.96, 1013.83) 907.43(815.96,986.44)  0.95
$f(Manganese) 1.95(1.49, 2.83) 1.89(1.41,3.12) 0.96
#h(Lead) 5.37(3.54, 8.98) 5.96(3.56, 8.71) 0.50
$¥(Zinc) 976.24(723.41, 2359.93) 1030.63(727.2539.93) 0.33
1% (Female)
T (Arsenic) 1.20(0.94, 2.08) 1.20(0.96, 2.41) 0.44
% (Cadmium) 0.19(0.12, 0.28) 0.19(0.13, 0.28) 0.47
$f(Copper) 977.68(853.96, 1100.83) 974.81(860.87, 1076.83) 0.94
$%(Manganese) 2.02(1.49, 2.88) 1.88(1.48,2.72) 0.33
i (Lead) 4.75(3.17, 7.93) 4.43(3.11, 8.58) 0.90
$%(Zinc) 998.27(764.66, 2517.93) 972.62(738.61,1999.93)  0.30
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P<0.05) B ABER, 5 T2 4HAY OR 7 0.527(95%Cl:
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T2 4B OR BN 1.758(95%Cl: 1.182~2.616, P<0.05),
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L
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Figure 1 Correlations between the six metals among total population (A), male (B), and female (C)

285 HRFE(Concentration) P OR(95%Cl) Model 1 P OR(95%Cl) Model2 P OR(95%Cl) Model 3
(Groups) /(pg:L™)
B AEE(Total)
e <1.60 T1(n=471)
(Manganese) 1.60~2.53  T2(n=471) 0.27 0.85(0.63,1.13)  ra~ 0.45 0.88(0.65,1.21) - 0.47 0.88(0.63,1.23) rm~
g >2.53 T3(n=470) 0.39 0.88(0.66,1.17)  rm 0.87 0.97(0.71,1.32) v~ 0.94 1.01(0.70,1.46) ~=—
i <868.12 T1(n=471)
(Copper) 868.12~1019.57 T2(n=471) 0.06 1.31(0.98,1.75) —.— 0.11 1.29(0.94,1.76) +=— 0.18 1.24(0.90,1.72) +=—
>1019.57  T3(n=470) 0.4 1.13(0.84,1.52)  r=— 0.56 0.90(0.65,1.25) rs~ 0.41 0.87(0.62,1.21) r=—
B <1.04 T1(n=471)
(Arsenic)  1.04~1.57  T2(n=471) 027 1.17(0.88,1.57)  +a— 0.24 1.20(0.88,1.64) +=— 0.33 1.17(0.84,1.61) +=—
B >1.57 T3(n=470) 0.81 1.03(0.77,1.39)  r=— 0.99 1.00(0.72,1.37) ra~ 0.85 1.03(0.73,1.45) +=—
] <0.15 T1(n=471)
(Cadmium) 0.15~0.25  T2(n=471) 0.03 1.38(1.03,1.85) —.— 0.01 1.48(1.08,2.03) +=— 0.01 1.52(1.082.13) +~—=—
>0.25 T3(n=470) 0.35 1.15(0.85,1.54)  ru— 0.19 1.23(0.89,1.70) +=— 0.33 1.20(0.83,1.73) +=—
i <3.79 T1(n=471)
(Lead) 3.79~7.06  T2(n=471) 0.37 0.87(0.65,1.17) ra~ 0.76 0.95(0.69,1.30) s~ 0.45 0.87(0.62,1.23) =~
>7.06 T3(n=470) 0.84 0.97(0.72,1.29)  ra~ 0.76 1.04(0.76,1.43) =~ 0.57 0.90(0.62,1.30) +=—
2 <806.29 T1(n=471)
(Zinc) 806.29~1452.60 T2(n=471) 0.34 0.86(0.65,1.15)  rm~ 0.36 0.86(0.63,1.18) 0.26 0.82(0.58,1.16) ==
>1452.60  T3(n=470) 0.43 0.89(0.66,1.18) ra 0.88 0.97(0.71,1.33) 0.78 0.94(0.65,1.37) r=—
B 1% (Male)
i <1.60 T1(n=193)
(Manganese) 1.60~2.53  T2(n=199) 0.10 0.62(0.36,1.09) r=— 0.04 0.52(0.29,0.95)=— 0.08 0.55(0.28,1.08)-#—
>2.53 T3(n=195) 0.94 1.02(0.61,1.69) +—=— 0.77 0.92(0.53,1.60) -=— 0.76 0.90(0.45,1.79) —=——
i <868.12 T1(n=246)
(Copper) 868.12~1019.57 T2(n=206) 0.13 1.44(0.89,2.32)  ~—=——  0.06 1.67(0.99,2.82) —=——  0.19 1.44(0.83,2.52) —*——
>1019.57  T3(n=135) 0.21 0.66(0.35,1.25) +~=— 0.15 0.60(0.30,1.20)#— 0.04 0.48(0.23,0.99)=—
il <1.04 T1(n=193)
(Arsenic)  1.04~1.57  T2(n=197) 0.65 1.12(0.66,1.91) ~—=— 0.81 1.06(0.60,1.89) +—=— 0.97 0.99(0.53,1.82) —=—
B >1.57 T3(n=197) 0.96 1.01(0.59,1.73) +—&— 0.77 0.91(0.51,1.64) ~=— 0.52 0.81(0.42,1.54) —%—
] <0.15 T1(n=202)
(Cadmium) 0.150.25  T2(n=175) 0.63 1.14(0.66,1.96) +—=— 0.59 1.16(0.65,2.08) —=— 0.96 1.01(0.52,1.95) —=——
>0.25 T3(n=210) 0.82 1.06(0.62,1.79) +—=— 0.57 0.84(0.48,1.50) -=— 0.15 0.60(0.30,1.21)-%—
i <3.79 T1(n=171)
(Lead) 3.79~7.06  T2(n=201) 0.75 1.09(0.62,1.91) +—=— 0.75 1.09(0.60,1.99) +=— 0.42 1.31(0.67,2.58) —%——
>7.06 T3(n=215) 0.45 1.23(0.71,2.12) +—=——  0.60 1.16(0.65,2.09) —=— 0.52 1.26(0.62,2.55) —=——
¥ <806.29 T1(n=209)
(zinc) 806.29~1452.60 T2(n=181) 0.83 1.06(0.61,1.81) +—=— 0.42 1.26(0.70,2.27) —=— 0.39 1.32(0.69,2.55) —=——
>1452.60  T3(n=197) 0.59 1.15(0.68,1.94) —=— 0.35 1.30(0.74,2.28) —=— 0.09 1.82(0.90,3.68) —=———
L% (Female)
79 <1.60 T1(n=278)
(Manganese) 1.60~2.53  T2(n=272) 0.86 0.96(0.68,1.37) +=— 0.72 1.06(0.73,1.54) +=— 0.73 1.07(0.72,1.59) +=—
>2.53 T3(n=275) 0.28 0.82(0.57,1.17) +=~ 0.82 0.95(0.65,1.39) +=— 0.99 1.01(0.64,1.56) =—
i <868.12 T1(n=225)
(Copper) 868.12~1019.57 T2(n=265) 0.54 1.12(0.77,1.64)  ~=— 0.51 1.14(0.76,1.69) +=— 0.54 1.13(0.75,1.70) —=—
>1019.57  T3(n=335) 0.96 0.99(0.69,1.42) +~u— 0.91 0.97(0.67,1.42) =~ 0.86 0.96(0.65,1.43) =
he <1.04 T1(n=278)
(Arsenic)  1.04~1.57  T2(n=274) 0.27 1.22(0.85,1.74)  +~=— 0.23 1.25(0.86,1.81) ~=— 0.23 1.26(0.85,1.86) =
B >1.57 T3(n=273) 0.74 1.06(0.74,1.51)  +=— 0.87 1.03(0.70,1.50) +=— 0.50 1.15(0.76,1.72) *=—
i <0.15 T1(n=269)
(Cadmium) 0.15~0.25  T2(n=296) 0.04 1.42(1.01,2.03) —— 0.01 1.61(1.11,2.34) +—=— 0.01 1.75(1.18,2.61) =
>0.25 T3(n=260) 0.27 1.23(0.85,1.78)  ~=— 0.08 1.41(0.95,2.08) +=— 0.06 1.52(0.97,2.38) —=*—
i <3.79 T1(n=300)
(Lead) 3.79~7.06  T2(n=270) 0.41 0.86(0.60,1.22) r=— 0.55 0.89(0.62,1.29) ==~ 0.29 0.80(0.53,1.20) =
>7.06 T3(n=255) 0.96 0.99(0.69,1.40)  ru— 0.98 0.99(0.68,1.44) +=— 0.5 0.86(0.55,1.33) =
22 <806.29 T1(n=262)
(Zinc) 806.29~1452.60 T2(n=290) 0.08 0.72(0.51,1.03) +=~ 0.11 0.74(0.51,1.07) =+ 0.06 0.67(0.45,1.01) "
>1452.60  T3(n=273) 0.13 0.75(0.53,1.08) =~ 0.37 0.84(0.58,1.22) =~ 0.19 0.74(0.47,1.16) =
0 1 2 3 0 2 4 0 1 2 3 4

[E] Model 1 RIBERHR; Model 2 FEEEZRIMEF FE; Model 3 FEEERIMR. Fld. Rk XRE. TRIA. TUE. KR, SIIE. SIAEN Ml
[Note] Model 1 does not adjust factors; Model 2 adjusts for sex and age; Model 3 adjusts for sex, age, ethnic group, education, smoking, drinking, insom-

nia, hypertension, hyperglycemia, and BMI.
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Figure 2 Correlations of six metals with ADL disorders
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Figure 3 Restricted cubic spline plots of the correlations between six metal exposure levels and ADL disorders
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