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Association between phthalates exposure and neurodevelopment of infants aged two years
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Ministry of Education, Fudan University, Shanghai 200032, China)

Abstract:

[Background] Phthalates (PAEs), a class of endocrine disrupting chemicals (EDCs), have been
linked to potential adverse effects on neurodevelopment and cognitive function of children.
Therefore, it is critical to explore the effects of PAEs exposure on neurodevelopment in the earlier
life stage and provide scientific evidence for making child health protection measures.

[Objective] This study is conducted to assess urinary PAEs levels of two-year-old toddlers, and
investigate its association with neurodevelopment during early childhood.

[Methods] A total of 331 toddlers aged 2 years from the Sheyang Mini Birth Cohort
were enrolled. A questionnaire survey was conducted to collect the socio-demographic
information of the toddlers and spot urine samples were collected during the follow-up visits.
Urinary concentrations of 10 PAEs metabolites were detected by high performance liquid
chromatography-tandem mass spectrometry (HPLC-MS/MS). Gesell Development Schedule
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(GDS) was administered to assess the neurodevelopment of children. A generalized linear regression model was employed to explore the
association between PAEs exposure and infant neurodevelopment.

[Results] The positive rates of selected 10 urinary PAEs metabolites were between 93.05% and 100.00%. The urinary PAEs metabolites
concentrations (geometric mean) were in the range of 0.25-50.13 pg-L™. The children’s total development quotient (mean%SD) evaluated
by GDS was 97.58+8.11. The urinary mono-methyl phthalate (MMP) concentration was negatively associated with the adaptive domain
scores (b=-1.53, 95% Cl: -2.77 --0.30, P=0.015), the personal-social domain scores (b=-1.58, 95% Cl: -2.86--0.30, P=0.015), and the
total development quotient (b=-1.34, 95% CI: -2.53--0.15, P=0.027). Conversely, the urinary mono-(2-ethylhexyl) phthalate (MEHP)
concentration was positively associated with the motor domain scores (b=2.03, 95% CI: 0.35-3.71, P=0.018) and the total development
quotient (b=1.51, 95% CI: 0.04-2.96, P=0.045). In sex-stratified analysis, the urinary concentration of MMP was negatively associated with
the adaptive domain scores (b=-1.94, 95% Cl: -3.81--0.06, P=0.043), the personal-social domain scores (b=-2.80, 95% CI: -4.73--0.87,
P=0.004), and the total developmental quotient (b=-1.88, 95% CI: -3.69--0.07, P=0.042) in girls, while the urinary MEHP concentration
was positively associated with the motor domain scores (b=3.17, 95% CI: 1.01-5.33, P=0.004) and the total developmental quotient (b=2.15,
95% Cl: 0.24-4.07, P=0.027) in boys.

[Conclusion] The selected 2-year-old children are extensively exposed to PAEs in the rural area of Jiangsu. Furthermore, early childhood
PAEs exposure may have potential impacts on infant neurodevelopment with sex-specific effects.

Keywords: phthalates; exposure assessment; high performance liquid chromatography-tandem mass spectrometry; neurodevelopment;
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2.2 41) LR PAEs KT R EKTE
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Table 1 Distribution of creatinine-adjusted urinary PAEs
metabolites concentrations in toddlers aged 2 years (n=331)

K *ﬁﬂj%/% ¥ H{E (Concentration)
Metabolites Positive .

rate/% G*Gso Pso Pys™~Pss Min~Max
MMP/ (ugg?) 98.49  46.48t4.59 47.63 24.94¥93.90 <LOD~89194.02
MEP/ (ug-g") 100.00  56.00+5.24 41.00 16.56™168.17 0.79~20984.56
MBP/ (ug-g”) 99.70 116.78+3.55 107.76 50.30~295.21 <LOD~3501.77
MiBP/ (ug-g™) 100.00  90.24+2.94 83.74 47.93%177.38 0.42~3116.27
MCPP/ (ug-g™") 98.79 8.78+3.08  4.46 217806  <LOD“716.70
MBzP/ (ug-g™) 94.86 0.80£3.10 0.76 0.39~1.41  <LOD"35.63
MEHP/ (ngg?) 93.05 8.1613.39 866 4.42~16.79 <LOD“436.35
MEHHP/ (ugg’) 10000  37.56+2.38 3558 21.05%61.75  1.40~2622.01
MEOHP/ (ug-g’) 100.00  26.94+2.26 25.84 16.69%41.01  0.95~1468.82
MECCP/ (ug-g) 10000 157.82+3.03 147.55 74.70~315.43 3.66~6769.98
Coewe/ (nmol-g™) 93.05 0.8242.67 076 0.42~1.47  <LOD~26.61
Coawe/ (umol-g?)  98.19 2.0643.45 1.84 0.93~4.04  <LOD~501.30
Canwe/ (umolg”)  88.22 0.8812.62 0.84 0.46~1.59  <LOD“26.88
Cones/ (mol-g?) 87.92 3.25¢3.07 3.05 1.54%6.25  <LOD~502.66

[3E] Gowe - MEHP. MEHHP. MEOHP. MECPP RE Z 1 (B9 pmol-g?) ;
Ciawr - MMP. MEP. MBP. MiBP R FE Z 1 (8 {if J pmol-g?) ;
Cinawe “MBzP. MCPP. MEHP. MEHHP. MECPP. MEOHP REEZ 1 (&
{159 umol-g™) ; Coaes : 107§ PAEs BIREZHN (BN pmol-g?) o

[ Note ] Coenp: The sum of molar concentrations of MEHP, MEHHP, MEOHP,

and MECPP; Ciwwe: The sum of molar concentrations of MMP,
MEP, MBP, and MiBP; Cymwe: The sum of molar concentrations of
MBzP, MCPP, MEHP, MEHHP, MECPP, and MEOHP; Coas:: The sum
of molar concentrations of ten PAEs metabolites.

2.3 ) L HERERERR
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BEWABEX DQIEMEF LZESM (P=0.003) , EfthEE
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XMB0QFEH D ERER, HXEKREKL KH 5%
Al X8l (¢ 735049 -1.53 (-2.77~-0.30) (P=0.015) ,
-1.58 (-2.86~-0.30) (P=0.015), -1.34 (-2.53~-0.15)
(P=0.027) ; PR MEHP ZHEFIRIERE S %) Loh{E
BEX A 2 DQ TP EIEMEX, b (95%Cl) 735179 2.03
(0.35~3.71) (P=0.018), 1.51 (0.04~2.96) (P=0.045) ;
HRRAPAES B YIRES 4) | Gesel 2R % 6E
X DQiIFRHIXRBIIRABAITFEERENX (P>0.05)0 [~
XABMRE BRI MMP 5 4) L A BEX DQ S99 89
FREBIFEAMXZR (P<0.05), LRI FEMEIE S1,

BURM 2R IE T B — FR ¥ A BPA. OPs. Pb.
Cd. Hg RENCRAEZE, PAEsRBWIRE S MEZ LB
BRI REBE A RFEERLIEER L, £RIA T
PRI S3,

MRPBERTAI, ZEF (B1) WREMMP 5
FEMNYEER. WM ABEXK MUK EDQ TN EHnEx
(b=-1.94, 95% (I : -3.81~-0.06, P=0.043 ; b=-2.80, 95%
Cl : -4.73~-0.87, P=0.004 ; b=-1.88, 95%Cl : -3.69~-0.07,
P=0.042) ; MESBEH (B 2) &I MEHP 73 3! 5 &
EREX T D &S DQF D EEMEX (b=3.17, 95%
Cl: 1.01~5.33, P=0.004 ; b=2.15, 95% CI : 0.24~4.07,
P=0.027) o

R2 2548 Gesell ERZEHEX DQ TS 1ENR (n=331)
Table 2 Distribution of Gesell Development Schedule DQ scores in toddlers aged 2 years (n=331)

DQ/ (xts) 42 % B IR4E (Neurodevelopmental delay)
R AEL — . N .
Participants Number Th{ERE [Z#8E SiE6E R ABE BESS N %
Motor Adaptive Language Personal-social Total average Number

21K (Total) 331 99.90+8.92 96.65+8.60 96.20+10.16 97.47+8.66 97.58+8.11 9 2.73

5 E (Boys) 189 99.8948.54 96.63+8.47 96.19+10.50 96.58+8.34 97.1948.18 5 2.66

4 ZE (Girls) 142 99.9149.45 96.68+8.79 96.21+9.72 98.65+8.97 97.87+8.41 4 2.82
Mann-Whitney U = 13009 12626 12072 10976 11910 0.009 ()(2)

P — 0.62 0.35 0.13 0.003 0.09 0.92
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£33 254 LREPEFAEFRIER PAEs XK F S Gesell 2R EHEX DQ 5 BIXKBEE 531
Table 3 Associations between creatinine-adjusted urinary PAEs metabolites concentrations and Gesell Development Schedule
DQ scores in 2-year-old toddlers

EhfFAEDQ [Z#98E DQ S1BAEDQ RZABEDQ £DQ TR
PAEs Motor DQ Adaptive DQ Language DQ Personal-social DQ Total average DQ
b (95%CI) P b (95%CI) P b (95% CI) P b (95%Cl) P b (95% CI) P

MMP -1.26 (-2.63~0.10) 0.070  -1.53 (-2.77~-0.30) 0.015  -1.10 (-2.63~0.44) 0.163 -1.58 (-2.86~-0.30) 0.015  -1.34 (-2.53~-0.15) 0.027
MEP -0.68 (-1.92~0.57)  0.286
MBP 0.87 (-0.77~2.51)  0.297
MiBP 0.57 (-1.37~2.50)  0.563
MCPP  -0.08 (-1.93~1.77)  0.933
MBzP 0.14 (-1.68~1.96)  0.877

MEHP 2.03 (0.35~3.71) 0.018

-1.03 (-2.16™0.09)  0.072
-0.28 (-1.78~1.20)  0.709
-0.51 (-2.26~1.25)  0.570
-0.77 (-2.45~0.90)  0.367
-0.11 (-1.76~1.54)  0.893

1.15 (-0.38~2.68)  0.140

-0.68 (-2.08~0.71)  0.337
-0.72 (-2.55~1.12)  0.443
-0.82 (-2.99~1.35)  0.458
-0.05 (-2.12~2.02)  0.960
-0.21 (-2.25~1.83)  0.839

1.08 (-0.82~2.98)  0.265

-0.32 (-1.49~0.85)  0.593
0.15 (-1.38~1.69)  0.845
-0.24 (-2.05~1.58)  0.799
-0.80 (-2.54~0.93)  0.364
-0.09 (-1.80~1.62)  0.919
1.49 (-0.09~3.07)  0.065

-0.68 (-1.76~0.40)  0.217
0.01 (-1.41~1.43)  0.990
-0.22 (-1.90~1.47) 0.801
-0.42 (-2.03~1.19)  0.608
0.10 (-1.69~1.48) 0.898
1.51 (0.04~2.96)  0.045

MEHHP  1.08 (-1.34~3.49)  0.382 -0.07 (-2.26~2.12) 0.948 0.23 (-2.47~2.93) 0.867 0.61 (-1.65~2.88) 0.595 0.48 (-1.62~2.57) 0.656
MEOHP  0.61 (-1.94~3.16) 0.640  -0.32(-2.62~2.00)  0.789  -0.21 (-3.07~2.64) 0.884 0.41 (-1.98~2.80)  0.738 0.15 (-2.07~2.36)  0.895
MECPP  0.51(-1.35~2.38) 0.588  -0.42 (-2.11~1.26)  0.623 0.73 (-1.35~2.82)  0.491 0.74 (-1.00~2.49)  0.403 0.39 (-1.22~2.01)  0.632
Coere 0.69 (-1.41~2.80) 0519  -0.18 (-2.08~1.73)  0.856 0.82 (-1.54~3.17)  0.497 0.97 (-1.01~2.94)  0.337 0.59 (-1.24~2.41)  0.529
Gh -0.29 (-1.96~1.38) 0.734  -1.02 (-2.53~0.49)  0.185  -1.17 (-3.03~0.70) 0.221  -0.51 (-2.08~1.05)  0.522  -0.73 (-2.18~0.72) 0.321
Cimwe 0.63 (-1.52~2.79) 0.564  -0.16 (-2.11~1.79)  0.871 0.81 (-1.60~3.22)  0.511 0.86 (-1.15~2.88)  0.401 0.55 (-1.32~2.42) 0.567
Coacs -0.02 (-1.86~1.83) 0.986 -0.79 (-2.46~0.88) 0.352 -0.76 (-2.82~1.31)  0.472 -0.12 (-1.85~1.62) 0.896  -0.41 (-2.01~1.19) 0.616
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[Note] The models are adjusted for maternal age, maternal education, household annual income, residence, child’s sex, passive smoking, and evaluating

physicians.
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[Note] The models are adjusted for maternal age, maternal education,
household annual income, residence, passive smoking, and
evaluating physicians.

Bl %)LR+PMMPRESRER (A). MABKX (B) DQ

BFHKEDQFIFS (C) XRMMAN D ESIR
Figure 1 Associations of urinary MMP concentration with
adaptive (A), personal-social (B), and total average (C) DQ scores
in sex-stratified analysis
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[Note] The models are adjusted by maternal age, maternal education,
household annual income, residence, passive smoking, and
evaluating physicians.
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Figure 2 Associations of urinary MEHP concentration with motor (A)

and total average (B) DQ scores in sex-stratified analysis

9 93.05%~100.00%;, ) LEFRANEFIRIE Cores B T ERF
FEMW FRYSENTINARE R, SHARLIL
FRA Cowwe KB T Camwe» X5 Qian ZF U IFEHIN 2 %
W) LML R— &AF %) LER L(MWP BT EAR
EaTaZkuFEYERMRER ; mHMWP AEFR
ERENSRAESRTZAR. FRARETHRE
DERZEEYAR. BRERTRESEMS) LBEZ
B2 — Z B (diethyl phthalate, DEP). 48 & — B2
— T B8 (dibutyl phthalate, DBP). Sf: R _HE _%
T B8 (diisobutyl phthalate, DiBP) 5 DEHP By R EE K
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U AR R PR Z IR — BREE (Dimethyl
phthalate, DMP) MIDEPVE B R ER, S HZZE
250% U LY, EREFREFEABHDEHP RENE
ERIR, GDEHP REBEE2RIS0% U £ ; MEERER
X5 LMWP BE2EEH 10% LT 8, LMwp H HMWP
NASEEMBEREARR, AJEREM U LRRER
BEE,

AR MER L) LIRFMMPIRE S ) LN Y)EE
X. ABEXFMEDQEREFEREX, HADELE
FEMEE MMP X5 ZEFE LR KB, = 8I1EHT
HARAM 7% ) L ERPMMPKESREERES
KPP SAEMEITE SN FEITERFELERXE ; [
NMMPEBHE5AXBRERETE IQEDZEMNMEX, K
BAMMP RER[RES FIR) LEMALBZIRB XY,
Dong & ™ WRZT & T 9 B4 %2 ) LI ZLEA MMP R EE X
NEBABEENABRENBRAR, AHRERS
22— KARIEMEEIL) LERF MEHP RES ) LE
IEBEXFE DQIFH ZIEAEX ; MRIDBEREI
MEHP X 5 B EhEREX 1T & DQ F19 73 2 IEMHE X,
Qian F KX 2 % 41 LA S M 22 B 22 HA MEHP T35
REXKFHUNEEENFRLY) L AEEREHNEARE
BHEEEX ; XAREGRS UL EHAR— LMWP
5 HMWP iE S80E 51815 PPAR B BT 5 A A E 2,
b9k, LMWP 5 HMWP B9 5 88 SRR K 7K A [E], B E]
BERE MMP 5 MEHP X3 4) LHHE A B RN ERF—
HERA, EXLELMFEEE SRR TRFURIERA,

PAEs fERIFIEN D M FIH), EBEMEREER
HAITFIERBEBEREKTE, MERBEEENELEE
BERED)  EHPHRAREZEREXBIER, &
YIRIZRET, PAES IDHIBRRS & AL S8R, 218 T A -
B -MRMNARMINEAT RS, B0, =
EAEHANZARBEREFEEEINESR Y, DEHP R HE
B MEHP BT LA K B R RBR R S . ATA]
TERTHEES, MITREM AR PAEs BEXT)LEH
RIFTEEEMAEMINER, TEXRIAELERRK
RRKF TR, MBERRIREKF LAY, £HF
HRET PAESSTIESINEES SN, HmE ML
JLRTETTA 2 LU ENGIF AT AR PAES ST 40 ) L
wmEAEEmAERHNERNRER,

RARETF SR/ NEEEFIRAR, 58 UEE
RATEEE ; REXH PAEs I =010 M 75 7 4G H PR IR
1%, BEMSAERRITL) LERS PAEs IR B M, SURM

DITHERR T BEAE MR gE R S YRR, BXRAR
KAFE—LRBRYE, 8%, ARRIRITHDE Tl
HRR, ARXAREIENZIR, SRZZFZHIPAEs B
BIRE, TAHBRZHEA PAEs WK EBRMIER ; R,
PAEs TEARRIE RS E BLRRKHIE, £V REAR
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MRS, RARAEBABELEESANTENER
T, PAEs BB KFE—RLEF—MEXNIRERRTS,
BRAEFARETLURLV BBEDRE, B RSGICINE
INESELIN

b, ARREZIIZERAHIX 2 5 4h) LIKK PAEs
KRBEZIRET, MMP 5 MEHP 2B 5 Gesel 2R %
REXRTDEXEDEFEEXE, BEEMIIESR.
REAERANHETEBEN) L EREREREBRER
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