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Prenatal arsenic exposure influences neonatal birth weight through

DNA methylation: A quantile mediation analysis
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" Department of Health Statistics, School of Public Health, Shanxi Medical University, Taiyuan, Shanxi 030001, China
Abstract : Objective To explore the mediating role of DNA methylation (DNAm) in the association between prenatal arsenic
exposure and neonatal birth weight, and to identify DNAm - specific sites at different birth weight percentiles. Methods  The
data were obtained from the New Hampshire Birth Cohort Study ( NHBCS), which included 270 mother — infant pairs. The
quantitative correlation — based independent screening ( QCSIS) method was combined with marginal quantitative regression
analysis to identify DNA methylation ( DNAm) sites associated with birth weight. After penalized estimation, the mediating
effect analysis method was used to evaluate the mediating role of DNAm loci in the relationship between prenatal arsenic
exposure and different birth weight percentiles. Results  After adjusting for maternal age, pre — pregnancy BMI, and other
covariates, a total of 14 cytosine — phosphate — guanine pairs of nucleotides (CpG) sites with significant mediating effects were
identified across 8 different birth weight quantiles. The eight birth weight percentiles were roughly divided into three groups:
low, normal, and high birth weight, identifying 3, 3, and 8 CpG sites, respectively. The results showed that the cgl7524924
site located in the ZNF542 gene significantly mediated the association between arsenic exposure and low birth weight (7 =0.3,

ACME: -14.311,P =0.016) and (7 =0.4, ACME; -12.946, P =0.016) ; while the cg13486410 site located in the
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NDNF gene exhibited a positive mediating effect (7=0.7, ACME. 14.041, P =0.030), suggesting that methylation at this

site may partially offset the negative impact of prenatal arsenic exposure on neonatal birth weight. Conclusion

This study

finds that placental DNA methylation exerts quantile — specific mediating effects between arsenic exposure and neonatal birth

weight. The results provide new insights into the mechanisms by which prenatal arsenic exposure affects fetal growth and

development.

Keywords: Prenatal arsenic exposure; DNA methylation; Newborn birth weight; High — dimensional quantile mediation

analysis
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Table 1 Basic characteristics of mother — infant pairs and distribution of placental arsenic level in NHBCS cohort
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Table 2 Mediation analysis results for CpG sites with significant mediating effects at different quantiles

o R A8 (ACME) R (ADE)
CpG 137 55, JJ(E_L)QI f531H{H Estimate P fliiH{E Estimate P fii
(95% CI) (95% CI)
cg10273420 7=0.2 -9.486 ( -27.285, -0.239) 0.048 4.036( —81.816,58.799) 0.764
cgl7524924 7=0.3 -14.311 ( -26.739, -2.868) 0.016 18.671( —54.171,62.313) 0.586
cg08851782 7=0.4 —-13.852( -32.935, -2.577) 0. 006 14.934( -52.243,60.075) 0.794
cgl7524924 7=0.4 -12.946( —27.526, -2.555) 0.016 5.829( —40.547,66.961) 0.542
cg02158978 7=0.5 —11.424( -25.201, -1.267) 0.018 -4.161( -48.710,67.257) 0.984
cg06884882 7=0.5 -9.532( -29.243, -0.392) 0.044 9.606( —43.274,78.552) 0.766
cg10666406 7=0.6 -17.633 ( -35.141, -0.921) 0.028 4.283( —42.402,72.210) 0.700
cg20843052 7=0.7 -16.509( —38.545, —2.488) 0.014 13.807( —49.314,105.282) 0.780
cg13486410 7=0.7 14.041(0.5202,31.0723) 0.030 —11.839( —68.589,44.795) 0.572
cg08683249 7=0.7 -12.272( -28.840, -0.037) 0.049 -5.865( —64.958,53.995) 0.702
¢220050826 7=0.8 -22.719( —42.875, -3.439) 0.014 22.999( -56.118,106.844) 0.756
cg04086928 7=0.8 —15.383( -36.786, —1.794) 0.020 29.924( -73.590,74.727) 0.724
¢g23530245 7=0.9 -32.849( -66.010, —10.946) 0.002 49.267( -70.637,107.261) 0.384
cg16045271 7=0.9 —-32.834( -67.788, -7.647) 0.004 47.278( -28.375,146.280) 0.232
c200129556 7=0.9 —-28.104( —50.213, -6.200) 0.010 76.595( —60.406,146.020) 0.258
. MBI (TE)
CpG i 55, ﬁi{%ﬁ FH3{E Estimate P
(95% CI)
cg10273420 7=0.2 -5.450( -92.887,49.483) 0.574
cgl7524924 7=0.3 4.360( —67.613,48.636) 0.956
cg08851782 7=0.4 1.082( —67.283,48.023) 0.810
cgl7524924 7=0.4 -7.117( -55.398,53.332) 0.916
cg02158978 7=0.5 —-15.584( -60.293,56.406) 0.750
c206884882 7=0.5 0.074( —57.251,65.623) 0.922
cg10666406 7=0.6 -13.350 ( -57.341,62.294) 0.826
¢g20843052 7=0.7 -2.702( -64.426,85.459) 0.798
cgl3486410 7=0.7 2.202( —57.126,62.745) 0.996
c208683249 7=0.7 —18.137( —83.458,44.814) 0.462
¢g20050826 7=0.8 0.280( —74.693,83.692) 0.824
cg04086928 7=0.8 14.541( —92.492,64.254) 0.900
23530245 7=0.9 16.419( —105.850,77.962) 0.888
cgl6045271 7=0.9 14.444( -65.940,116.929) 0.756
¢g00129556 7=0.9 48.491( -82.710,118.739) 0.446
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Table 3 Gene information of CpG sites with mediating effects

CpGs CHR UCSC_CpG_Islands_Name

UCSC_RefGene_ Relation_to_UCSC_

Gene

Group CpG_Island
cg10273420 chrl0 chr10:43950884 — 43951437 ZNF487 Body S_Shelf
cgl7524924 chr19 chr19:56879417 — 56879995 ZNF542 TSS1500 N_Shore
cg08851782 chr3 chr3 ;12856649 - 12856863 CAND2 Body S_Shore
cg02158978 chrl2 chr12 ;133135293 - 133135722 FBRSL1 Body N_Shore
cg06884882 chrl chrl ;45189705 — 45190558 ARMHI Body N_Shore
¢g10666406 chr3 chr3 187871478 — 187872354 LPP 5’ UTR Island
¢g20843052 chr2 chr2 ;61292868 - 61293585 SANBR 5’ UTR S_Shore
cg13486410 chr4 chr4 ;121992003 - 121993703 NDNF 5’ UTR Island
cg08683249 chr6 chr6:43612714 - 43613366 RSPH9 TSS200 N_Shore
¢g20050826 chrl2 chrl2 ;52994772 — 52995312 KRT72 IstExon;5° UTR; Island
¢g04086928 chr9 - RAPGEF1 Body -
¢g23530245 chrll chrl1:102322529 - 102323762 TMEM123 TSS1500 S_Shore
cg16045271 chrl chrl ;208416489 —208418016 PLXNA2 5’ UTR N_Shelf
¢g00129556 chr6 chr6:41748132 - 41748672 FRS3 TSS1500;5” UTR Island
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Fig.2 Methylation levels of 14 mediator CpG sites associated with prenatal arsenic exposure and neonatal birth weight stratification

(arsenic exposure grouped by median, birth weight divided into low, medium, and high groups by tertiles)

WL R RN 75 8 AR AR R E 7 (3 0K P T 3t
P 14 A HEATGETH 78 Y TR 200 B DNAm £
Mo IXLEA R B W S ) 0 7 BSOS S P R P 5
BiF ZNF542 JEN B cgl7524924 i 5 5 T il 52 iR
L0 H A AR 22 i A 67 1) SR 5 T T 2B R I T
NDNF FEN ) cg13486410 {7 s W 38 b H: Y H AL 22 £k
PR OTHRI e S X A L A A ) B TR X
— R BLFE 7R AN ) Dy RE Sk LA A 2 L 388 A% ] 42 ] RE 7 A
A5 5 WA ST R AU I T AR
B &, R AEREREA (r<0.4) §EK
cg10273420 — ZNFA87 5 ¢g17524924 — ZNF542 ¥4
T KRAB - ZNF JENFE . BRTEATSE W, Al 2 5 m]

SPET I ZNF 3 %55 i KRAB — ZFPs i it
DNA H 3t fk 2 5 98 45 B W R G & &1 i T
ZNF542 JEY cgl7524924 {3 5 £ 2 i i (=
0.3 fil 7 =0.4) HAFALEH AR, #2785 KRAB - ZNF
R TR 52 1 2 L 3 A% 1 48 S 5 T R I i 5 R AR o A
TREE Y OCEERLE . HL Ak, FAR CAND2 3B 5 i 7% i
{18 DGR 1) A WLARGE , AE AR A T Jie 27 J s PR s ok
R L E ) EEE— 20T .

FEIEH AR EH (re10.5,0. 61 ) i, AT &
34~ CpG {37 25 (¢g02158978 — FBRSLI , cg06884882 —
ARMH]1 ,cgl0666406 — LPP) 17 1£ 1 /v %)% o FBRSL1
VA TR i PA) e 2 R AR [N 1) AR AT 9 ok — 4



IAC TR B2 2# 2026 4F45 53 %455 6 ] Modern Preventive Medicine, 2026, Vol. 53, NO.6

- 1035 -

WS H S S50 R BB L B RS EN LS. H
PR B0 AR 9 19 U & B 2% 5% 1] gl et o 4K
Fe SR 7 U ARMHL F LPP 55 R SE Ak 52 i)
HAEIRTE . ARMH S8 5 A 105 9 6 50 RI 200 e S0 2 08 4
AR T T LPP 4t i B N 2 R A & A
IR B e T B X R, B R T B K
WIS (L 4% ARMH1 T340 a5, Ifa i LPP A
()6 BN DI e 52 e i 8575 7 28 e, AR G LAE 7 28
BoEm
EEHAEREA (r€10.5,0.6}1) T EILA 8 4
CpG v 55 1T GBI 1k 22 Ff AL o) 98 4 2% 88 % i LA &
(8, Hirf, NDNF RAPGEF1 PLXNA2 _FRS3 DUl
REHB MK F LR NDNF BA 205
A RCVE R, wT REE AR A A B R AR LK. A
WF9E 260, o 5 55 ) ol S 4 ) TET B3 1 T 4
PDGFB JLIH ) W 54k 5 ¥ H L A0R S, T T 97
PDGFB [ 335 , e 4 BUR L4 BRI BRI
A BRI R Z IR . RS R TG LIRS 2
cgl13486410 o 5 1 H 4k [ 18 NDNF 33k DIHEIH i
T R 1 G TR ] (L LA 10 35 A A% D) RE AN I A6 A,
5 H AL T R E S SR NDNF 3635 | 383 S5 i 2 7%
Xof s 288 00 A5 A AR B, DT sl 2 EC T s A 4 B 1) 17
SN0, PLXNA2 Fll RAPGEF1 W] g3 £ ¥ 145 5
{5 5 5 W G B A R, DA WIF9E 3R B PLXNA2 5
SO RELE i RAPGEF 155 2 7] JE )
RapGEF2 g 5% Ll 1 9+ 2 56 Las B L E .
SANBR F& A 1E & 25 5l %% ¥ 55 41 ( Class Switch
Recombination ) [ 1 J 75 A7), H: cg20843052 v 15,
) FR AR 42 7 A AT A 3 R 98 SANBR 33k, ff bR
X NF — kB (il , 3 1 358 560 i 485 9 i 52 o R I 45 A4
J8o RSPHO JEIH 5 £F B U g A I, 00 A0 AT g
L R 5% )2 A B AR IR £ 5% 43 3 B, 2T R R
LA B A B X AR AL AL (A ¢g20050826 -
KRT72 .cg23530245 - TMEM123) , B i % 475 #2647
ERAHSMRR HhELSEZRR ERKREFTUR
AR R Z AR AR OCHE . (AT HA ST, I RE D
PRI — SRR TE () G R . KRTT2 PR Z5 1,
LT AR X5 M ER AR MR A T AR e Y
TMEM123 W) ] G838 128 5% M A 58 1R 20 i BLA S 5 s
AT I s B B A A R A LA K
ML LRI FEHE TR R .
AW FEATAE— E 0 Ja BRAE < 1 5, AR 9% B AR 1A
H T YR S L A5 A DR B ARATY R BB ST A HERR A
WAERZR R T Blan, 206 77 =0 A A 55 TS
ey (Cands FRaE) n AL B8R, n) R A OC R R iR AR
X HH AR 4 Je e A VAR I TR 2 s LR REAR R D

Al RE P BN 5 BN TG 22 X, HAEA
A3 AR RS S (7 = 0. 1) I A RS A B
HAA RN AT 1, B 7R T RESE T A BB SR A B o ATl
FEINFEFE CpG 7 W 8 0 R 91 25 1) 3 /s 1
) IR, RS P ORS B RN (A o5 76 T8 ORUAS () ik
SEBAFI M LASS R, J5 2 TR T 3 & 2 IR 27 5 4K
P W RAEAS I DL R 55 B A T A P AR A S
TGt SRR S Ja, BT o A7 AN
W G 2 S TEHE S, HOR s IR LA K R 1 BARHL
Wl e —2 A . AR A5 v AR 5 T I —
JELERST BRG] H B8R 5 CpG A7 o5 4 ] T 42 P
R ILrRA RGN 5 R B 2 LI PR A s B 45 4 A 7Y
e 7 e 2 R sl ) 25 FE DI 2 THT 2R 5 I 3R ik 37
ST SRS G i s R PR 238, e 22 i i L,
AR KRR,

25 LTI AR 5E 75 T DNA I 340 7 2 )
T8 50 A L A AR R S I b 1 A B0 S v R A
YEFT o AR H A A i 21 R s A A 2 3R B AN TRD 1Y)
FEIR AL VR PEML - e 22 R X EG M A A 2 A 5 )
P15 KRAB — ZNF J R #4114 2 0 35 A% R 1 57 A O
e HH AR R E A P K e % 8 | IS A R e A
SEFHEDH 1 B AR e AR 3 B % Bk i 2 R 5 i )L
AR IHLERIEHE T3 DA, O R B T I AR E 2
R T TR I B T IS LA, Xof 101 B e 22 6 (AN R
AR HA B2
FEMRAER AL TR 25 R

SE 0k

[1]  Zhou RF, Yu HT, Qian NS, et al. Secular trends of low birth
weight, preterm birth, and small for gestational age in Shanghai
from 2004 to 2020; an age — period — cohort analysis[ J]. BMC
Pregnancy and Childbirth, 2023, 23(1) . 540.

[2] Krasevec J, Blencowe H, Coffey C, et al. Study protocol for
UNICEF and WHO estimates of global, regional, and National low
birthweight prevalence for 2000 to 2020 [ J]. Gates Open Res,
2022, 6 80.

[3] Okwaraji YB, Krasevec J, Bradley E, et al. National, regional,
and global estimates of low birthweight in 2020, with trends from
2000; a systematic analysis [ J]. Lancet, 2024, 403 ( 10431) .
1071 - 1080.

[4] Zinia SS, Yang KH, Lee EJ, et al. Effects of heavy metal exposure
during pregnancy on birth outcomes[ J]. Scientific Reports, 2023,
13(1): 18990.

[5] Dettwiler M, Flynn AC, Rigutto — Farebrother J. Effects of non —
essential "toxic" trace elements on pregnancy outcomes:a narrative
overview of recent literature syntheses[ J]. International Journal of
Environmental Research and Public Health, 2023, 20(8) : 5536.

[6] Kurita H, Ohuchi K, Inden M. Effects of environmental Non —
Essential toxic heavy metals on epigenetics during development[ J].

Toxics, 2025, 13(3): 167.



- 1036 -

PRAC TR =27 2026 4F5f 53 4255 6 )] Modern Preventive Medicine, 2026, Vol. 53, NO. 6

(7]

[10]

[11]

[12]

[13]

[14]

[15]

[17]

[18]

Lv YQ, Chen XM, Jia ZX, et al. Prenatal exposure to Arsenic,
blood DNA  methylation, and  child
study [ J ].

umbilical  cord
neurodevelopment ; cohort
Environmental Research, 2025, 280, 121914.
FRERES , 1 SCHE, AR BRAE , 25, DNA W JEAL 75 20 IR T 52 55 5 0
JUHS AEARTE ] b A AR T A0 A [T ] P AR 4 i 2 35,2024,
28(9) :1090 - 1095.

Fang RL, Bai WL, Cui YH, et al. The mediation analysis of DNA

A prospective  birth

methylation in the relationship between maternal Arsenic exposure
and neonatal birth weight[ J]. Chinese Journal of Disease Control &
Prevention, 2024, 28(9) : 1090 —1095. (In Chinese)
Teschendorff AE, Breeze CE, Zheng SC, et al. A comparison of
reference — based algorithms for correcting cell — type heterogeneity
in  Epigenome - Wide [J]. BMC
Bioinformatics, 2017, 18(1): 105.

Association  Studies
Ma XJ, Zhang JX. Robust model - free feature screening via
quantile correlation [ J]. Journal of Multivariate Analysis, 2016,
143 . 472 —480.

Li DJ, Kong YF, Zerom D. Nonparametric screening for additive
quantile regression in ultra — high dimension [ J]. Journal of
Nonparametric Statistics, 2025, 37(1) ; 148 - 168.

Tingley D, Yamamoto T, Hirose K, et al. Mediation: R package
for causal mediation analysis[ J]. Journal of Statistical Software,
2014, 59 1 -38.

El - Ghiaty MA, El - Kadi AOS. The duality of Arsenic
metabolism: impact on human health [ J]. Annual Review of
Pharmacology and Toxicology, 2023, 63(1) . 341 —358.

Chen S, Jiang JY, Liang WX, et al. Comprehensive annotation
and expression profiling of C2H2 Zinc finger transcription factors
across chicken tissues [ J ]. International Journal of Molecular
Sciences, 2024, 25(19) : 10525.
Dong SS, Yao S, Chen YX, et al. Detecting epistasis within

chromatin  regulatory circuitry reveals CAND2 as a novel

susceptibility gene for obesity[ J]. International Journal of Obesity
(2005) , 2019, 43(3) : 450 —456.

Lumour — Mensah T, Lemos B. Defining high confidence targets of
differential CpG methylation in response to in utero Arsenic
exposure and implications for cancer risk [ J]. Toxicology and
Applied Pharmacology, 2024, 482 116768.

Bakhtiari M, Jordan SC, Mumme HL, et al. ARMHI is a novel
marker associated with poor pediatric AML outcomes that affect the
fatty acid synthesis and cell cycle pathways [ J]. Frontiers in
Oncology, 2024, 14 1445173.

Sun ML, Zhao QY, Yang BY, et al. Molecular mechanism,

[19]

[20]

[21]

[22]

[24]

[25]

[26]

[27]

(28]

[29]

diagnosis, and treatment of VACTERL association [ J]. Front
Pediatr, 2025, 13; 1609624.

Hassani BHM, Ghasemi N, Malekzadeh K. Neuron - derived
neurotrophic factor and its biological functions: a review study[ J].
Molecular Biology Reports, 2025, 52(1) ; 524.

Liu SW, Park T, Kriiger DM, et al. Plasma miRNAs across the
Alzheimer’ s disease continuum: Relationship to central biomarkers
[J]. Alzheimer’ s & Dementia; the Journal of the Alzheimer’ s
Association, 2024, 20(11); 7698 —7714.

Falcone N, Ranieri A, Vitale A, et al. Identification of a De Novo
deletion by using A — CGH involving PLNAX2: an interesting

candidate gene in psychomotor developmental delay[ J]. Medicina
(Kaunas, Lithuania) , 2022, 58(4): 524.
Jonsdottir  AB, Sveinbjornsson G, Thorolfsdottir RB, et al.

Missense variants in FRS3 affect body mass index in populations of
diverse ancestries [ J |. Nature Communications, 2025, 16 (1)
2694.

Zhang Y, Song YP, Wu HY, et al. Prenatal Arsenic exposure
disrupts placental angiogenesis by altering Pdgfb promoter
epigenetic modification[ J]. Journal of Hazardous Materials, 2025,
494 . 138736.

Diallo LH, Mariette J, Laugero N, et al. Specific circular RNA
signature of endothelial cells: potential implications in vascular
pathophysiology[ J]. International Journal of Molecular Sciences,
2024, 25(1) : 680.
Razzaq A, ElKahlout R, Nasrallah GK, et al. Exploring
differentially methylated genes among preterm birth and Full — Term
birth[ J]. Lifestyle Genom, 2025, 18(1); 76 —89.

Zheng SM, Matthews AJ, Rahman N, et al. The uncharacterized
SANT and BTB domain — containing protein SANBR inhibits class
Switch recombination[ J]. Journal of Biological Chemistry, 2021,
296 100625.

Aprea I, Wilken A, Krallmann C, et al. Pathogenic gene variants
in CCDC39, CCDC40, RSPH1, RSPH9, HYDIN, and SPEF2
cause defects of sperm flagella composition and male infertility[ J].
Frontiers in Genetics, 2023, 14, 1117821.

Dang D, Zhang LA, Gao LT, et al. Genome — Wide analysis of
copy number variations in three populations of nanyang cattle using
Whole — Genome resequencing[ J]. Genes, 2025, 16(5) ; 568.
Fan XY, Brunetti TM, Jackson K, et al. Single — Cell profiling
reveals global immune responses during the progression of murine

epidermal neoplasms|[ J]. Cancers, 2025, 17(8) ; 1379.
1 7s B #:2025-08-21

(k3% 1008 T )

[15]

Peng J, Yuan J, Ye ZH, et al. Prediction of factors associated with
HIV testing willingness among middle — aged and elderly men in
rural Sichuan province based on XGBoost and SHAP models[ J].
Chinese Journal of Public Health, 2025, 41 (12) . 1473 - 1480.
(In Chinese)

Feng YJ, Wu ZY, Detels R, et al. HIV/STD prevalence among

men who have sex with men in Chengdu, China and associated risk

[16]

factors for HIV infection [ J ].
Deficiency Syndromes (1999), 2010, 53 Suppl 1(Suppl 1) . S74
- S80.

Journal of Acquired Immune

Sun XW, Feng CB, Feng L, et al. An exploratory transmission

mode of HIV/AIDS among older People based on data from multiple

sources in China[ J]. Scientific Reports, 2022, 12(1) : 16077.
Wr#s B #:2025-11-12



