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Association between serum nickel and oral cancer incidence using propensity score matching
and inverse probability of treatment weighting DAI Chaolan®®, WANG Huiying™®, ZHANG Wei-
lin®®, WANG Peng™®, GAO Xinghui®®, LI Weiying®®, WANG Jing®", LIU Fenggiong®®, CHEN Fa®°, HE
Baochang™” (a. Department of Epidemiology and Health Statistics, School of Public Health b. Fujian
Provincial Key Laboratory of Environment Factors and Cancer c. Laboratory Center, School of
Public Health, Fujian Medical University, Fuzhou, Fujian 350122, China)

Abstract:

[Background] The association between serum nickel (Ni) and oral cancer incidence is unclear
and most of the previous studies were observational studies that did not control for confounding
factors between groups.

[Objective] To assess the correlation of serum Ni with oral cancer incidence based on propensity
score matching (PSM) and inverse probability of treatment weighting (IPTW).

[Methods] A cohort of 456 newly diagnosed oral cancer patients was recruited from the First
Hospital of Fujian Medical University during November 2011 to May 2019, and residents ordered
their health check-up in hospitals or local community health centers over the same period were
selected as a control group, which included a total of 1410 participants. Serum Ni was evaluated
by inductively coupled plasma mass spectrometry. Case-control pairs were selected using a 1:1
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PSM (caliper value of 0.02), and the study subjects in the case group and control group were weighted for subsequent analysis by IPTW. The
general characteristics of the study subjects were tested for equilibrium before and after matching by chi-square test and standardized
mean difference (SMD). This was followed by exploring the potential nonlinear dose-response relationship between serum Ni and oral cancer
using restricted cubic splines as well as analyzing the association between serum Ni and oral cancer incidence by conditional logistic regression
and weighted logistic regression.

After controlling for between-group covariates by PSM and IPTW, the dose-response curves demonstrated that the risk of de-
veloping oral cancer tended to decline and then increase with the increasing serum Ni level. The outcome of the analysis using PSM
demonstrated that as compared to the control group, the risk of developing oral cancer in the 0.09-16.80 pg-L™ serum Ni group was neg-
atively correlated with serum Ni level (OR=0.36, 95%CI: 0.24-0.54), whereas the risk of developing oral cancer in the >16.80 ug-L™ serum
Ni group was positively correlated with serum Ni level (OR=5.43, 95%CI: 2.76-10.68). After applying IPTW, a negative association was
found between the risk of oral cancer and serum Ni concentration within a serum Ni window ranging from 0.09 to 20.55 pg-L™* (OR=0.39,

95%Cl: 0.29-0.52), while a positive association with an OR and 95%C/ of 5.54 (3.62-8.49) for the Ni concentration >20.55 pg-L ™.

In this study, a J-shaped relationship between serum Ni concentration and the risk of developing oral cancer is found, which
shows that high serum Ni concentration ( >20.55 pg-L™") may be a risk factor for oral cancer.

oral cancer; nickel; propensity score matching; inverse probability of treatment weighting; dose-response relationship
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RMUBRBEEEFAERE NS MINER, SER
2. PEANFNETERM, LUARIEE. . fh. #89
THEREMESUYEERENER, HEXRB
SR AM S SRS R N EBRBRIE T, T
MWE. SIttRERY, BRI ERR, RERE(ERE)
435179 0.001. 0.005. 0.010. 0.050. 0.100. 0.500 pg-L™"
42 AT A F 2 A M5 FP R VR EE, SHEF IR
(0.17 pg-L™) BUBEZS, I MIBREY—HEER,

BT EpiData 3.1 TR X R ER )5 #H 1T XWX
ANMIZIBLEERIE, PSM F IPTW S F2(EF R 4.0.5 X
HH1T, ERARART RN —RAORITFERHEN £
SEATIE R L, 3@ logistic [B)ANI{EIT, ZEF
RAMANKRNZNERERITEL TR LIEA
PS1Ho. HH, £ PSM 1, (£ 1:1 FELEDE, PS &

1331
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Table 1 Equilibrium of selected covariates in the study population before and after PSM or IPTW [n (%)]

S AB#(Overall population)

1: 1AM ITER(1:1 PSM) PR ANAL(IPTW)

I B (Covariate) XFHRLH e SFERLA b EEz IFERLA e EIE
(Control) (Case) P SMD (Control) (Case) P SMD (Control) (Case) P SMD
(n=1410)  (n=456) (n=323) (n=323) (n=1870)° (n=1796)"
M 51(Gender) <0.001  0.259 0.937 0.006 0.525 0.053
5 (Male) 679(48.16) 278(60.96) 181(56.04) 182(56.35) 947(50.62) 862(47.97)
%Z(Female) 731(51.84) 178(39.04) 142(43.96) 141(43.65) 923(49.38) 934(52.03)
£/ % (Age/years) <0.001 0.571 0.810  0.019 0.784  0.020
<60 316(22.41) 222(48.68) 130(40.25) 133(41.18) 538(28.78) 533(29.70)
260 1094(77.59) 234(51.32) 193(59.75) 190(58.82) 1332(71.22) 1263(70.30)
2 [7(Academic qualifications) <0.001 0.733 0.483 0.124 0.682 0.107
X E(llliterate) 282(20.00) 36(7.89) 25(7.74)  36(11.15) 318(17.01) 286(15.93)
7\ (Primary school) 514(36.45) 68(14.91) 65(20.12)  63(19.50) 583(31.16) 492(27.40)
#7 (Lower secondary school)  377(26.74) 223(48.91) 150(46.44) 139(43.03) 593(31.69) 596(33.20)
Sd’f fﬁ:ﬁif\gpersew"dary 237(16.81) 129(28.29) 83(25.70) 85(26.32) 376(20.14) 422(23.47)
BR\l (Occupation) <0.001 0334 0.797  0.053 0919  0.033
R EE(Farmer) 655(46.45) 139(30.48) 103(31.89) 111(34.37) 793 (42.41) 739(41.12)
T A (Worker) 154(10.93) 70(15.35) 44(13.62) 43(13.31) 231(12.36) 238(13.28)
BB & EMh(Staff member and
others) 601(42.62) 247(54.17) 176(54.49) 169(52.32) 846(45.23) 819(45.60)
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iRl
S AE¥(Overall population) 1: 1= 4 ITAE(1:1 PSM) PRI (1PTW)
e ) XTERZA S EIEzS XTERLH S EIEzS XPERLH bESIEIEAzS
I & (Covariate)
(Control) (Case) P SMD (Control) (Case) P SMD (Control) (Case) P SMD
(n=1410) (n=456) (n=323) (n=323) (n=1870)° (n=1796)"
B {EH(Place of residence) <0.001  0.481 0.630 0.038 0.107 0.132
AT (Rural residence) 1088(77.16) 251(55.04) 190(58.82)  196(60.68) 1330 (71.13) 1167(64.97)
™5 (Urban residence) 322(22.84) 205(44.96) 133(41.18) 127(39.32) 540(28.87) 629(35.03)
BB R 1R 5 (Family history of
<0.001 0.232 0.227  0.095 0.795 0.019
tumor)
F(No) 1293(91.70) 384(84.21) 289(89.47) 279(86.38) 1679(89.77) 1602(89.17)
A (Yes) 117(8.30)  72(15.79) 34(10.53)  44(13.62) 191(10.23) 194(10.83)
{RE$55(Body mass
. 0y <0.001 0.525 0.803 0.052 0.493 0.084
index)/(kg-m™)
18.5~23.9 711(50.42) 294(64.47) 198(61.30) 206(63.78) 1006(53.78) 905(50.41)
<18.5 75(5.32) 62(13.60) 28(8.67) 27(8.36) 135(7.22) 117(6.48)
>24 624(44.26) 100(21.93) 97(30.03)  90(27.86) 729 (39.00) 774 (43.11)
M4 (Tobacco smoking) <0.001 0.409 0.419 0.064 0.937 0.006
JE(No) 1041(73.83) 249(54.61) 193(59.75) 203(62.85) 1297 (69.38) 1241(69.11)
A(Yes) 369(26.17) 207(45.39) 130(40.25) 120(37.15) 573 (30.62) 555(30.89)
IX7B(Alcohol consumption) <0.001 0438 0.794  0.021 0474  0.053
JF(No) 1162(82.41) 289(63.38) 229(70.90) 232(71.83) 1466(78.40) 1368(76.16)
A(Yes) 248(17.59) 167(36.62) 94(29.10)  91(28.17) 404(21.60) 428(23.84)
RS (Tea drinking) <0.001 0.343 0.684 0.032 0.568 0.044
F(No) 1048(74.33) 266(58.33) 200(61.92) 205(63.47) 1304 (69.74) 1216(67.70)
A(Yes) 362(25.67) 190(41.67) 123(38.08) 118(36.53) 566(30.26) 580(32.30)
IAIBEITUR/(R- ™) (Red meat
i 0.054 0.105 0.654 0.035 0.566 0.048
intake frequency/per week)
<3 425(30.14) 116(25.44) 87(26.93)  82(25.39) 533(28.51) 473(26.35)
23 985(69.86) 340(74.56) 236(73.07) 241(74.61) 1337(71.49) 1323(73.65)
BB RSUR/(R-BA7)(Fish
. 0.001 0.185 0.875 0.012 0.885 0.012
intake frequency/per week)
<3 634(44.96) 247(54.17) 168(52.01) 166(51.39) 893 (47.73) 846(47.13)
=23 776(55.04) 209(45.83) 155(47.99) 157(48.61) 977 (52.27) 950(52.87)
BEHRRSUR/(R- ™) (Seafood
i <0.001 0.224 0.937 0.006 0.709 0.031
intake frequency/per week)
<1 675(47.87) 269(58.99) 177(54.80)  178(55.11) 950 (50.83) 885(49.26)
21 735(52.13) 187(41.01) 146(45.20) 145(44.89) 920(49.17) 911(50.74)
ISEIREIR/ (R ) (Eee
. 0.130 0.081 0.752  0.025 0.272  0.090
intake frequency/per week)
<3 620(43.97) 219(48.03) 148(45.82) 152(47.06) 836(44.72) 723(40.27)
>3 790(56.03) 237(51.97) 175(54.18)  171(52.94) 1034(55.28) 1073(59.73)
BRERIUR/(R-d)
(Vegetables intake frequency/per <0.001 0.427 0.870 0.013 0.525  0.049
day)
<2 318(22.55) 192(42.11) 118(36.53) 116(35.91) 522(27.93) 541(30.15)
22 1092(77.45) 264(57.89) 205(63.47) 207(64.09) 1348(72.07) 1255(69.85)
KRIBEIUR/CR-FE ™) (Fruit
. <0.001 0.657 0.690 0.031 0.556 0.049
intake frequency/per week)
<3 516(36.60) 309(67.76) 186(57.59) 191(59.13) 829(44.31) 839(46.72)
>3 894(63.40) 147(32.24) 137(42.41)  132(40.87) 1041(55.69) 957(53.28)
OREB4iF53/57 (Oral hygiene
. 0.164 0.075 0.385 0.068 0.873 0.013
score /points)
0~2 600(42.55) 211(46.27) 153(47.37) 142(43.96) 808(43.19) 788(43.86)
3~8 810(57.45) 245(53.73) 170(52.63) 181(56.04) 1062(56.81) 1008(56.14)

[ ]a: ZHFEBRIEET IPTW WEABEXEMRT EFE0NE, BIZHRAA N —atFE 8,

[Note] a: This sample size is the weight of the total population sample size based on the IPTW, which is considered a "pseudo-sample size".
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Figure 1 Dose-response relationship between serum Ni and oral cancer using PSM (A) and IPTW (B)

®2 MFRRESOREREXIKE logistic 21

Table 2 Logistic analysis on association between serum levels of nickel and oral cancer

J33%(Methodology) SFHRLA (Control)[n(%)] %15I2A (Case)[n(%)] OR (95%Cl) OR (95%Cl) * z P
PSM$8 4348 (Nickel subgroup by PSM)/(ug-L™)

<0.09 145(44.89) 162(50.15) 1.00 1.00

0.09~16.08 163(50.46) 74(22.92) 0.41(0.29~0.58) 0.36(0.24~0.54) -4.98 <0.001

>16.08 15(4.65) 87(26.93) 5.19(2.87~9.38) 5.43(2.76~10.68) 5.45 <0.001
IPTW$8 9348 (Nickel subgroup by IPTW)/(ug:L™)

<0.09 510(36.17) 229(50.22) 1.00 1.00

0.09~20.55 847(60.07) 112(24.56) 0.32(0.22~0.47) 0.39(0.29~0.52) -6.36 <0.001

>20.55 53(3.76) 115(25.22) 4.74(2.94~7.65) 5.54(3.62~8.49) 7.87 <0.001

[ o BEMR G, XWRE. B, Bk, MugsiRe. MEEH. WA, B, IRE. ZRREIUR. ARERIUR. BEERIUR. B

BRIUR. BERENA KRREIUR. OREZERR.

[Note] a: Adjusted for gender, age, academic qualifications, place of residence, occupation, family history of tumor, body mass index, tobacco smoking, al-
cohol consumption, tea drinking, red meat intake frequency, fish intake frequency, seafood intake frequency, vegetables intake frequency, egg intake

frequency, fruit intake frequency, and oral hygiene status.
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