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(EH] MG IARERE 158 IRBREEKT, BRESE) I BEABZENX R,

[757%] F 2010 FREUIHEFE R 483 R 1 5 B LAARNR. ERBERPEWRER) LBE
FER, B)EREABERER 6 %) L EERRKEHENE (DsT) I, LB HEER (M)
K& & (Do) EEWNE) LEERABIERN ; RIRER)LREF, NABRBHEESEEF IR
EANERBRE. KBS TEERIER D) LIRIERES DSTR I BIREXE, FiRbR
BRE=ZDUHDA, LLRARKFAEM M DQFIHNESR.

[452] KB IENS) LRTBREFNE (P, Pss) 790.235 (0.125, 0.492) ug-gle B 17
EFHERETRE) LM X DQBE t iEZE D59 84.19+12.43, 86.80+11.82, %4k [E]!3
PERETR, B)LWMESRFEREZHIEX (b=-1.55, 95%Cl : -2.68~-0.42, P=0.007) ,
EDQESREBREMNXEBELSRITFEEN (P=0.052) , REIRFKTELEMN DSTEDERT
BERFEEX (P>0.05), MANBEAERETR, LEFRRFBRES M 2R18X (b=-1.84,
95%Cl : -3.62~-0.05, P=0.043) , T BB R AMEGITF XKEX (P=0.092)
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Association of urinary cadmium concentration with intellectual development among 1-year-old
infants in a county of Jiangsu Province DAI Yiming, DING Jiayun, ZHANG Jiming, GUO Jiangiu,
WANG Zheng, ZHANG Qinyu, JIANG Shuai, ZHENG Minglan, CHANG Xiuli, WU Chunhua, ZHOU
Zhijun (School of Public Health/Key Laboratory of Public Health Safety of Ministry of Education,
Fudan University, Shanghai 200032, China)

Abstract:

[Background] Cadmium pollution is increasingly serious, and a growing number of studies
suggest that cadmium exposure may affect intellectual development of children.

[Objective] This study is designed to evaluate urinary cadmium exposure levels of infants aged
1 year living in a county of Jiangsu Province, and explore the association between cadmium
exposure and infant intellectual development.

[Methods] A total of 483 1-year-old infants were enrolled from a county in Jiangsu Province in
2010. Self-made questionnaires were distributed to obtain basic information of the infants. At
the same time, the Developmental Screening Test (DST) for Children Aged 0-6 Years was used
to quantitatively evaluate mental index (Ml) and development quotient (DQ) as indicators of
infant intellectual development. Spot urine samples were collected and cadmium concentrations
in urine were measured by inductively coupled plasma mass spectrometery (ICP-MS). A multiple
linear regression model was used to analyze the correlation between infants’ urinary cadmium
concentrations and DST scores, and the differences of Ml and DQ scores were compared among
different urinary cadmium exposure groups divided by tertiles.

[Results] The median (P,s, Pss) of creatinine-adjusted urinary cadmium concentration was 0.235
(0.125, 0.492) pg-g*. The mean * standard deviation of Ml and DQ scores were 84.19+12.43 and
86.80+11.82, respectively. In the multiple linear regression analysis, M| was negatively correlated
with urinary cadmium concentration (b=-1.55, 95% Cl: -2.68--0.42, P=0.007), but there was
not a significant correlation between DQ and urinary cadmium concentration (P=0.052), and no
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significant difference in DST scores was observed among different urine cadmium exposure groups (P>0.05). In the sex-stratified analysis,
a negative correlation between urinary cadmium concentration and Ml was found in girls (b=-1.84, 95% Cl: -3.62 --0.05, P=0.043), but

not in boys (P=0.092).

[Conclusion] Exposure to cadmium may affect the intellectual development of infants, especially of girls.

Keywords: cadmium; one-year-old infant; intellectual development; mental index; development quotient

FaE T HIZRIINIR, UBARKRNERRES
ZinFAB T ™IR, Be—HMERBEFETLIE. KM
KPNESEZR, ZEAEPRER, #5251
BERRRS. BfA. NWER. BESFEEEEY, #
EZESZSYMEHRZEIZE (Agency for Toxic Substances
and Disease Registry) 5|4 275 MIF B PR &Y R
7857, BHFIESE, BENBEEREEAR, B
BRAFALPNHRBRLY, BEABKBILNFE)LR
HT —ENRIFPIER. BREAKPHNERTLUM
Ban) LETERFFIE ™, LM S R AL B AR,
B4 L EREAKEETFEA. B)LRBENEER
FERY). ERREMERKLE, EFIREIELE
BNEEEEREENSAE ", MRS SIS
BRI, EEIYRRRE T RHNBESEY,
BHERHESHMAFBX IR T LIERERARN
ME, BERHT—H. NZEEHNIARKRBES
AXg~10 5 BEILIZEENZI ; EIRHFE LZIM4
JLIEJLEMZTENEIZEENSMmEANEX ; B H
BN FHERI L ENHRNRBREBEX)L
E5NREX)  EEBLHEER. BRIXTEE/L
B B MAIREAENIR D AARITIAEREE
483715 B LRRIBAREME 8RB KFHITHIM,
UTHREHME) REEEL, #—PRARBENE
J LSRR BRI MM,

1 WREFE
1.1 FARJR

TR T 2009 FIE I A B E BB HENT) MY,
PAFIZAN1303 B T ZEGAFRERSENZA,
2010 X 620 % 1 5 B2 ) Li#t1T 7 M. AR HEBRIR
HARARE 107 A, RZREREHIEE 20 A, 0&EF
BrkE 10N, N 4832152 LIEARRIT R,
5483 B RN RS 6202 15 ) IR EXERE
HITFHITFLER, BEREREHITFER N BES
KEPATRIENEZETNBERES, ZAREBLT
SEARFRHTEFRCEZASHNE LGS ¢

IRB#2021-02-0875) o
1.2 [AERE

FRERNSWREMRNRNEXRBERILTES
AAZEEE, BERBIEXEIARN AN HITR
SIAE, ZHREXREEBEIZANESHIEERS.
B EkAEBERER6eS ) EEERLATREN
11 (Developmental Screen Test for Children Aged 0~6
Years, DST) /1. DSTARAENIXR TEBE B XFMHE
JIRIERAFISRE, ENESEESMERYETR
EARER) LBFHERN Y, BT LEEBE. T
SEN. 31N EEX, H120MMAIE. 31N EEX
HMELE RS HIRTE) BRI HREMN. 8 8EK
HNEABWKR. E0FHZE BBI1THERIED 15,
PAINTEREXERKD, 3T EXKFERS SMENARE
B2 BT E HIEE (mental index, MI) MIEZBE
(development quotient, DQ) X)) LEHELA B HITE
2iFt. Do MIZ MM FIG D B BEEITES
FIRRESD . HF, MI RBRXTE EEXBVIFMN, DQ R
BT 3 MEEX LR ETEN, MIZEDQIESD <70 AR,
70~84 EIEE, >85 NIEE. FRBEIAERHAITIE
&R, F#HiTiERERE,.
1.3 RIEFERESRWN

W15 B ) LMEHE BB RREF 15mL, Bl2mL
DEF2NIMBLEAR, MEESTEOEPRINAN
SuLRIEER. MR EF T -20°CkFERE, BHRiE
E -80°CkFRAREFELKREWRN, FHRBRBES
LB FRFRIEN (NexION 300X, 3£ [E PeikinElmer)
SRR ARE, WNAFEFIMIIZEII 1600W,
LoALmin ' EERNHES, 18Lmint BENFBFHES
HIIEHIZTT. REEHIKZNLL 3 mLmin* WESIEH
HS, RAShEEEMEPRE N HITIC N, FRFEETE
B MRS, 1% HERARHIT 11058, RIEKR
NWERZHERTENTEYIRES, HEFRPI
ANARTRIERNNEE E, F£HRIZENRIATY
o FREBAY 75 7A1C PR 9 0.056 ug-L?, ARRIEREBY
w8, FRARRINEIREHRHITRE, RRAEHERRR
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EGA TN ™,
1.4 FitESWw

ERME. BB RARTRESAOREE
SHHE ; YA RERNRTBREHTTE AN HEE
LGRS IER DAL, AP A& D A £
RAEH2 AOFRFER) LNRERES R ; £H
Wilcoxon A IE Y Kruskal-Wallis H #256 LL IR AR [E)
SANAFEFENRFBREER ; FEYELINEE
HIRMMRITREBELE DSTHFDIBER ; RAZ T
HEIRE DI RFBAESE)LDSTH DQF DS M
BoRXEM, BESMA. ZEFR. 2E. &7~
FH BB TFRAL WA EBER. KEH
BKE (REFEFSFRESNHEEKTHEAREARE
KFE) RIE, HFRIERF\BRE=DMAUEFARATRD
HRTRIE. P EKFE, LRARER @KL DST
BRER. BIHERPREEZSNEREXMEETENE
F 0, RIEIHRITRIRETBO . DSTF0 K KBk
ERTHTHNDE, ERBEREN ARSI LE
BERBEMNER . KITDIER SAS 9.4 34, &
J27K/EA a=0.05,

2 #R
2.1 BB EERRBRHIE

KFREMNNAB B 1T )L, HPEE 2717
(56.11%) , 322124 (43.89%) ; 744 (1.45%) 22) B4
BT 42 ; 326 B (67.49%) 32) L4 FLIRF AT KB
6 MR ;1777 (36.65%) B) LIEFAAIERE ; 2807
(57.97%) B) L FZTEWIRMAIF T ; 1837 (37.89%) B2
JIBEFRM X, 22) L RUNEFRERRTBRE I
79 0.235ug-gt, & Wilcoxon MWLM, SKE
M) L8, ERBIEANE)LRFKFRS,
BERABHRITFEENX (P<0.05), ERIFNE 1

2 ZB)LERERE

158 LiEmEEX. tREMEX. & HEXTE
DI E £ 45 & E 9 5l 79 13.37£1.23. 13.690.91,
25.89+1.74 ; MI J2 DQBI3{E + iR /E ZE 73 5l /9 84.19+
12.43. 86.80+11.82, BEREMEEX TR 2MES T X
e, BB RENRE NEXTED . MKk
DO ENETEENEY, EREMSIE)LEEL
BKFESTAITFENX (P>0.05). FHRIE 2,
2.3 B)IRBRESEELATKFHXREEY

Z& LN HERER, B LBMIESZAN

FFIR ERVFRIRRE B AT SRR E 2 TaME% (b=-1.55,
95% Cl : -2.68~-0.42, P=0.007), lEDQE S5 E & W
FXELELITFE X (P=0.052) XF22)LHTHER D
HANnfE, ERETZEBENRBRES MIERNX
BEBSITFEE X (b=-1.84, 95%Cl : -3.62~-0.05,
P=0.043) , MIBELAE XM (P=0.092),

S8 LRBRE=ZFMDDHEIINEELEIM, 51Kk
FIRIBARLL, FKFREANSKFREAZ) LY
DST 1S D # AR, (B RERMKFHMN DSTIFN ER
FEEFRITFEENX (P>0.05), &30

K1 158 B EERENFRERFIRESRER
Table 1 General characteristics and distribution of creatinine-
adjusted urinary cadmium concentrations of 1-year-old infants

ANEFARE PR TR
IREE/ (neg”)

= P2ES H{IER (Pas, Prs)

n (%)

Characteristic Category Creatinine-adjusted
concentration/ (ug-g")
M (PZSJ P75)
31 (Sex) 5 (Boy) 271 (56.11) 0.227 (0.119, 0.475) 0.440
2z (Girl) 212 (43.89) 0.249 (0.133, 0.558)
IR/ P <35 431 (89.23) 0.235 (0.127, 0.482) 0.866
Maternal age/years
>35 52 (10.77) 0.249 (0.121, 0.650)
FR/ B <37 20 (4.14)  0.328 (0.077, 0.536) 0.815
Pregnant weeks/weeks
37~42 456 (94.41) 0.247 (0.131, 0.526)
=42 7 (1.45)  0.222 (0.142, 0.355)
=R (Parity) 0 413 (85.51) 0.232 (0.127, 0.475) 0.534
>1 70 (14.49) 0.247 (0.123, 0.674)
PaL kY JIi7=
188 (38.92) 0.248 (0.132, 0.526) 0.294
Delivery mode Natural birth ( ) ( ? )
glgEr=
Caesarean 295 (61.08) 0.225 (0.123, 0.475)
section
AR IRTREYE/ B
Breastfeeding time/ <6 157 (32.51) 0.190 (0.123, 0.462) 0.151
months
=6 326 (67.49) 0.252 (0.129, 0.526)
7 A (Caregivers) &} (Parents) 306 (63.35) 0.222 (0.123, 0.462) 0.026
ERE

Non-parents 177 (36.65) 0.252 (0.129, 0.526)

W MH (Passive

. 2 (Yes) 280 (57.97) 0.235 (0.133, 0.506) 0.396
smoking)
Z (No) 203 (42.03) 0.231 (0.113, 0.482)

B{EHh (Residence) X (Urban)

££48 (Suburban) 122 (25.26) 0.238 (0.126, 0.526)

178 (36.85) 0.212 (0.111, 0.462) 0.164

ARt (Rural) 183 (37.89) 0.257 (0.134, 0.592)
REHRBKFE/E
Household education <9 219 (45.34) 0.235 (0.131, 0.469) 0.745
level/years

>9 264 (54.66) 0.235 (0.122, 0.524)

BIE (Total) 483 (100.00) 0.235 (0.125, 0.492)

[E] * : 22 Wilcoxon BANMGIETX Kruskal-Wallis H 156,
[Note] *: By Wilcoxon rank sum test or Kruskal-Wallis H test.
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R2 1FE)INERELABERRS [0 (%), x*Es]
Table 2 Distribution of intellectual development scores
in 1-year-old infants [n (%), x+s]

HRER
TEEREX  BEX B7IREK
51 (Sex) n (%) Motor Social Mental Ml DQ
function  adaptive  function
function
£ (Boy) 271 (56.11) 13.39%+1.31 13.65+0.96 25.80+1.69 83.58+12.06 86.38+12.25
%7 (Girl) 212 (43.89) 13.35+1.13 13.73+0.83 26.00+1.80 84.97+12.87 87.33+11.25
)(2 -0.746 1.048 1.406 1.406 0.624
P 0.456 0.295 0.160 0.160 0.533

2K (Total) 483 (100.00) 13.37+1.23 13.69:0.91 25.89t1.74 84.19+12.43 86.80+11.82

[3E] * : 22 Wilcoxon B IE, MI : EF136% ; DQ : KB,
[Note] *: By Wilcoxon rank sum test. MI: mental index; DQ: development
quotient.

K3 158 LRBKES DSTENIEH R L BRI XS
Table 3 Associations of urinary cadmium concentrations
with Ml and DQ among 1-year-old infants

HE Mi bDQ
Characteristic b (95%Cl) P b (95%Cl) P
5 (Boy)*

Ln (Cd/cre) -1.24 (-2.69~0.20)  0.092 -1.21 (-2.68~0.26)  0.106
T1 0 0

T2 -0.37 (-3.93~3.20)  0.841  -0.16 (-3.78~3.46)  0.931
T3 -1.52 (-4.97~1.94) 0390  -1.48 (-4.99~2.03)  0.407
Py (Puend) 0.390 0.408
%z (Girl) °

Ln (Cd/cre) ~ -1.84 (-3.62~-0.05) 0.043  -0.69 (-2.24~0.86)  0.382
T1 0 0

T2 -2.60 (-6.71~1.52)  0.217  -1.28 (-4.85~2.28)  0.480
T3 -3.99 (-8.23~0.24)  0.065  -2.19 (-5.86~1.48)  0.242
Pt (Puend) 0.066 0.243

BB (Total) °

Ln (Cd/cre) -1.55 (-2.68~-0.42)  0.007 -1.06 (-2.14~0.01)  0.052

T1 0 0
T2 -1.70 (-4.38~0.97)  0.213 -0.93 (-3.47~1.62)  0.476
T3 -2.64 (-5.31~0.03)  0.052  -1.86 (-4.400.68)  0.152
Piaz (Prend) 0.052 0.151

CEImi: BE% ; DQ 1 KB@. T1 : RAKFRTA ; 12 1 FKFE
FRIRA ; T3 : BKFRBH, a : REZ MG ZEFHE. ZE.
EEA. BEIRAE. IFAL WERE. B, KREHEKFE
RRIE ; b REZDEAER, Z2F. £=H R SAIRAF. TFA
WENRE, fBEH. REHB KTFRIE. Ln (Cd/cre) FAEFRIE
ERFEREN BANEEEIRE,

[Note] MI: Mental index; DQ: Development quotient; T1: Low urinary
cadmium level group; T2: Medium urinary cadmium level
group; T3: High urinary cadmium level group. a: Adjusted by
sex, maternal age, pregnant weeks, delivery mode, exclusive
breastfeeding duration, caregivers, passive smoking, residence,
and household education level; b: Adjusted by maternal age,
pregnant weeks, delivery mode, exclusive breastfeeding duration,
caregivers, passive smoking, residence, and household education
level. Ln (Cd/cre) is the value of creatinine-adjusted urinary
cadmium concentration with logarithmic transformation.

3 itig

KAREREZM, IABEE 15 E)LLANEF
RIEGENRBEEFRAMEN0.235ugg’. BRIEMRN
AT R ) LIRSRAKFERIA R IR L, Kippler & 1) 33 & 10
RIERT ) L BBENHAARES M) LEINBM
1.5 5 N RI\BRER(IES 5790300 0.16 pgL?,
EXHM EEmto1 5 2 LENFRIERTBHMU
B A0.400puggt ™ AREYMHEMZER S (Human
Biomonitoring Commission) 1 H#Y3~14 % RO IH ) L
BMRB\EEM[N 0.2 ug LM, AT 7 52
JIRBEKFESERENEHIBELL, ERHERI(R B
JIIRBEENRKRETERR I TENKAFSRNE
e, W FIAMKEREER, Koz @EglkE
1975—2016 FRAA R KRN KH T IEREIEXRR, 53
ARETIEEEERNLEBIEN 0.28 mgkg™, KT
GB 15618—2018 { TIEIF IR FRE R At +I1B5 L X PG
B (R17) ) PRIERTHIEE 0.3 mgkg? ; BT
HEEAITFYR/EEN0.04mg kg, BRTERBS
EinE0.2mgkg? ™ ; 2012—2013 I A EN LR
SENRO TR RB4THZTNENBRERS
NERNEREREE @, U ERRERYRRZ
WX B FEREREEERR, BRTHARBXE)L
FREBRERENIIR, thih, THM LB, 4.5
% 2t ET) LERREKE P25 579 0.190. 0.359.
0.522 ug-g ™, RIFKERFERIEKMAS, FREH
TRENERY, BRARHFRHE) LIRFRERKR
BEREZ—

AAARARA06S ) ESELABHEER"IT
) EgEAETREN, 152 .DQENYE 15 E
Z986.80+11.82, 5k= " MIFH=E%E 2 1E T AL
MM FEER R RIRE R %)) LB DQER 5
88.63+12.36 #187.5¢12.24, &R S5 Z ELL, L RIS
1, ERFERTEN, X5zt F IS
RiFX, B ENEABEAERIIZFELR. KEX
WA FEREIPARBRIRNEMEXR 2,

ZrgMEPARMERETE) LRBRES MI
EEREX (P=0.007), 85 DQENEXMELHRITE
B X (P=0.052), X455 B D&M LB RER
ES5MENXEEERITERNX (b=-1.84, 95%C! :
-3.62~-0.05, P=0.043) , M B B L x4 (P=0.092),
RTRBBEETEME) L SNEKNAES, XM
Al aE BB M3 E B M, Kippler % 2 3t Z INHIE R AT
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5% ) LENMARBEFEFREESSHILEETTRE
B, WZENEMEEE, AJEHTRAG LI
Z1ER, B SRR ERNERESEHES, 15
SHELESHERN, EENRIANETIELE
BERZENSHIER, BENSIE B >, Ba,
XTRBEN)  EMREKAZLENEAENF MW, E
AIMAREREAAR—, BIAENRAZ) AR
&b, Ciesielski & 3¢ 6~15 % ) LEHIH T A TR 8
REASS)LEFIEBNAEEGEXN, ME
WEEFVHRLAN LS L ERBNE HEWHTE
FITFRNXo

Z) REENEREIERBDELE, BARS
EAFREMTBSRNEY, REW EERARKRKE
HNEET. REBL/EZBIMANMNERE, BH
FE) L MRRELE RS, Ro UERELAPXE
KRE, 5| EERFEXRFMNEESEHER &
FENRESHETES 9 F Fas M Fas BL AT &
NERRATERIESHETARAT, XA
BEMAHEMENTED ; BT E2NREEHEN
MRS, AR AT E VA BN ML L
B, B RE P WHRIEEHIEF ENRREFE
MoarpERBEAERIHSIETABRES %,
tboh, SRIERN—FAD BT, TS BEEEE
B, FEN KL BEEEZFRNESE. FIRER
BEMEKERDY, SUE—TCREELMBET X0
APMRINFBEEHAELAESENENES, BH
FRNFIREH T RR.

KAREFEE—ENHREYE : B)MELENF
MARRKRZ, NELENEENESRALYE, B
MARGXLEREZMNDH ; LI, FAREFE)L
1T RRFBAKTFESELABEZENXR, BREAK
AHNBERSSHIERKREE, BEENTHAFME
FEEXF. AL, REPFRZH 0. ZERAR,
IBINREEREL, RANRARTREEBNE R BN,

FE, KARIKRE T IAHEEE 15 R LRTRK
T, RNERET MR NS HEKAE, BX
MEMELEPENEE,

SE
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