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Research progress on shortened telomere length in newborns and impaired cardiovascular
metabolic health in children caused by exposure to cadmium during pregnancy LI
Chungang™™", YAN Shuangqin™'**, TAO Fangbiao'*'* (1.a. Department of Maternal, Child and
Adolescent Health, School of Public Health b. Key Laboratory of Population Health Across Life Cy-
cle, Ministry of Education of the People’s Republic of China c. Anhui Provincial Key Laboratory of
Population Health and Aristogenics, Anhui Medical University, Hefei, Anhui 230032, China;
2. Maternal and Child Health Care Center of Ma’anshan, Ma’anshan, Anhui 243000, China)

Cadmium exposure during pregnancy is a non-negligible public health problem which may
increase the risk of shortened telomere length in newborns and cardiovascular metabolic health
damage in children, and has attracted attention from many researchers in recent years. This article
reviewed recent studies both domestically and internationally on the associations among cadmium
exposure during pregnancy, shortened telomere length in newborns, and cardiovascular
metabolic abnormalities in children, and briefly outlined possible mechanisms of shortened
telomere length in newborns by cadmium exposure during pregnancy. Current research results
showed that cadmium exposure during pregnancy is related to shortened telomere length in
newborns and cardiovascular metabolic abnormalities in children, and shortened telomere
length in newborns is also related to cardiovascular metabolic abnormalities in children. It sug-
gested that telomere length in newborns may be a biomarker reflecting cardiovascular metabolic
abnormalities in children caused by cadmium exposure during pregnancy. In addition, the current
potential mechanisms of cadmium exposure during pregnancy accelerating neonatal telomere
length shortening include inflammatory reaction, mitochondrial dysfunction, antioxidant con-
sumption/antioxidant enzyme inactivation, and DNA methylation, and these biological mecha-
nisms are associated with cardiovascular metabolic abnormalities through certain factors, such
as obesity, elevated blood pressure, impaired fasting blood glucose, and dyslipidemia in children,
suggesting that cardiovascular metabolic abnormalities in children may be programmed in early
life, but there are still few relevant studies. In the future, research should be conducted on the
association among cadmium exposure during pregnancy, telomere length, and offspring cardio
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vascular metabolism, as well as possible mediating efficacy and related biological mechanisms of telomere length, aiming to provide ear-
ly-life biological information for the prevention of cardiovascular and metabolic diseases.

cadmium exposure; telomere length; early life; cardiovascular metabolic health

10 I & X181 M & 5% ( cardiovascular and metabolic
diseases, CVMD) @iIsLiliR E S O MEMEZ BB IR
NRBER X RN —MIGREG S, HARNERI
N—PEEEK, BE2KEESRTEAK, B0l cvmMD B
SIE. ShAKSRIERB RN IhEERER &, IRER,
JLIE WD ABNRRALOMERREAEZERE
(cardiometabolic risk factor clustering, CMRF) PSR H%E,
Hp i ERERECEEEEN. hERS. =B
EZRAMEER S %, OMERERERERNE)E
BB R — g MEERER, & F OmE&ER
EESXEH—FHRE R ERES. cvMD EIEEE
%, BREREERER. MBEZEMEFTHRRI, IF
IREEEEHEBEX CVMD IRt 32 E Bk 8 % i
RENKF, BIRE, IBFRES AR ERL. &
MmE. R B AR E(leucocyte telomere
length, LTL) 48586 X, XLEEZ AT AEE 11 cvmD F1H
HREZRAXEFHIXER, BEF)LESE cvmd Y
AT REMERE, KEB D) LENA F LM EREZEERE,
B 5 FHAMELL, T4 REAZARIR IS B EYENT) L
ELTL EWEKR", FRUUKEM R E FF R X TR
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X ETESFRTHIRARSEESHE) L LTL BIXEA R ] 8E
ML, AR S ) L LTL YRR AR S 43R I BRI Uk HA
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TEBART, BREES LTLREE X, Xfhx
BB EETIE) LABE R, dAE—IAN 409 X352
B H ARSI R RER, B RRBESHE) LT
mLTL Z EfFERIAMERXXR, #4E) LBFHm LTL
EFERERENRENRSNO A IHAZEBEE
17%%, £ EE K TWAAL LTI, Cowell
ZPI5 100 HBFEAI, BEZHEREBRESY
SHE) LB LTL 2 588X, X XBE mmavaT
JLIEE BFEIN(35.4%) . $8(24.5%) F1$H(26.9%) , I
o XA R BEA] LOB T BAMELFIERE, NIBANE
B, ATREXT A KHHA LTL B " 2013—2015 &R
ERNXHTH—INES 410 XJ 221 H £
MARELN, FRARABEEFRERGE, TIRARER

ESHE)LF®mULEANEX, RERESHEN
115, HE) L LTL LR 45T 6.83%; DEDHERETR,
FRIRBKESHE) LFFHM Tl NAEXXREL
BhEARE, RIPSEEEL, LB TLERZZE
BFHRPARRENTM, RESTHREARE
KX FHIT, BFHAVERABM, BRI[ITIRIAE
BEESEINFE)L LTL FBRERIXF,

BEEIENRAGCETERAHIRE, FESEESR
(reactive oxygen species, ROS) F= 4, IE A RIER M. £k
RI{RINEEPERS . AN FEFE/ME SR EHN DNA
FREML, T3 LTL 4855,

LREM, FIRAREE AU NEREN AL
7 B4R A AYZE B 3ES B(protein kinase B, PKB/AKT)
BS, BSREHAMEF =45, WAHEIFEEF-
a(tumor necrosis factor, TNF-a) « EHZHE N Z-8(inter-
leukin-8, IL-8) M1 AR 7+ 2-6(interleukin-6, IL-6) 217,
SEMYILKRAE, 5B RBEN/NEAL, 28
EETHRN)DEFRASRME B ENIRERN,
RN SR B, mKFERIER NS 50 E 2 %40
N paTR N R SR e 1= S e e b T
AL EFAFIEAZTH, Colicino R INA 3 MR AEAR
SHIKFESBFHEL LTL 2 5148X, 2707 Beta HEE
<[ F(Beta-nerve growth factor, BNGF) . FBtRKEZES-
8(caspase-8, CASP8) 1 TINF B X E W EE MM EA F
(TNF-related activation-induced cytokine, TRANCE) , H
MR CASP8 TifkER Ko EEmIMNIMNEEFIFRREREL
M, EIRHASR S TNF-a/IL-10 {E(IL-10 AIRALREEF)
S5#H4)| L EREERX, 5EIRERIE TNF-a/IL-
10 th{EEEME S I EUAELL, b FHRE U D (I EFER
A LTL 394858 10%. A1, RAER N P] RE B BXEE
w5 LTL R —FE).
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ROS IE 1N, B L AM R B4R, Bh¥Le
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www.jeom.org


www.jeom.org

#445-5723: &% | Journal of Environmental and Occupational Medicine | 2023, 40(9) 1087

B, E8Y | TREESRALERTRdEER
LS ERERL ROS, BN ATHAERERS", AT E
=48 ROS =S BUIHAIRA", KRB &
MminEEE p53 I | EIG BV BUE = (R H 3
J&¥) 1a(peroxisome proliferator-activated receptor-
gamma coactivator 1 alpha, PGC-1a) B FRIA R &
KL, REBLE KA TN BEPE RS A IR MIR 5 B F R B
{EF. Cao EYFARW AT, fRAl BT BIELNAEN T
NIRRT IRE, AN ARERE B AT E, ISR
ROS, SEAHRE LN BN A, [FE RUE R im A EE (jun
N-terminal kinase, JNK) . ZHRESMZE S 18 T 2B (extra-
cellular-signal-regulated kinase, ERK) ¥ p38 & H i E&
(p38 mitogen-activated protein kinase, p38MAPK) B9
R D RIE SR, BUE L NRE I E B AES( mitogen-ac-
tivated protein kinase, MAPK) 5 581, RRZ S
AT
2.3 MEMNFIERENmASLEERE
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SRIGINARBR S (L RIB X PR, BRI GSH & 2 FE1R 5]
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EEMERAM, BB REABERERETAN
GSH 7K, 175 ROS FE R T S HABRLA T, WHA
RAMILIIEE, BAIEF, AREHMA ROS KT
180, GSH & 21K, BE Y {LEE(superoxide dis-
mutase, SOD) #1533 & 1t S E8 (catalase, CAT) E M BEAE,
MR E I IE RN IR, &R Cirmi EPEEASR
wRAENEEAD, /MR GSH EEMAEMERI |
1L ¥)ES (glutathione peroxidase, GPx) ;& B EER, &
HAR=E AT, HFERERE T ATIRATET B #
E4HAEE 2(B-cell lymphoma 2, Bcl2) 7K, I8 & T p53
MBETIETEF B AEMERE 28X X ZHA (B-cell
lymphoma 2 related X protein, Bax) 7K ¥, TEfF® M,
M3 p53 FKFIEHN 2.42%5 LTL 4852 10%48%x"", p53
AlRETE A e R AR H AR R,
2.4 DNA BRE(L
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ESERAKRZAEMEX, 2507 TNF-o IESEB 2(TNF al-

pha induced protein 2, TNFAIP2) . Bt B2 5HES A BR1CHES
& 7(acyl-CoA thioesterase 7, ACOT7) F1 ¥ B ER 2 (K +H
KINILZK o retinoic acid receptor-related orphan re-
ceptor alpha, RORA) . £ & FIF 1% {# & (Mothers and
Children’s Environmental Health, MOCEH) BAFIE R A,
Park EIDITF-RITREES DNA RE(LXEL, 1EIA%
BrEARE, AMBEFERKRERANRAKESE)L 2
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EEEX, #4E)L LTL NEZIEAEH DNA BEUN S
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Figure 1 Mechanisms of cadmium-induced LTL shortening in

newborns and pathways of cardiovascular metabolic
abnormalities in children
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3.1 HIRHEASEEEBNRH)LE L85 ) L E B
B X BX

TTREMARE, FEESBHEREZERF
EXRE, BREETLLUETEE ILe. BARN -
1B(interleukins-1 beta, IL-1B) 1 Cc-C EF #& 4 A F
& 2(C-C motif chemokine ligand 2, CCL2) ZF{E K & F
Rk, LELAE IR AREINEE, M E X BAR AR
& 30, 39 Hiz(hMIEEMELER, S5 EHEZM
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RFFREZF Green EHHREM, IFRHRIEIF %
MBRES BT ERRXIENIRIIAEX, L
RERWENSEREPEINEN, FiZREEP, |8
SEKESEEZHNRKTERELN, 283 O 6
AE B XU BLIE 10, BIEIBRAA, ) LERMES LTL 45
BXP, —IAN 1396 B FHHEENTIRTE
mEe, 8 %(6~11 %)) LB SH (TLEREX, JLE
REF5E(body mass index, BMI) BY z 2 ¥&=31E 00 1
BAI, LTL 294858 1.21%(95%Cl: 0.30%~2.11%) o Kjaer
SR A, FiET) LE LTLEESH 9 Z KA
BEAEX. AT, IR EEN R LB TLERS
JLEBRFETEREE, RHA)LE LTL AT BER AR RABRER
=S hbaRei=t s
3.2 WHIRHAREEMRH)LE ML ERES/ L ENE
i = Y X Bk

DEMME RS ST IIMEREZNF MW, FE
BN Birz —mRO0MmE 25, s LI,
NEZEHREESSBEHLTREA. ROS FFEE MUK
TEREHE, XENFFERSOEMOMERAL
BEREEX MAMESRENNEOEESEEM, HE
ERINREREEZ 22 ME. ABHREE, K
FRERS, sllEXERNRREZ", m/LZERH
MEASXEHEEER TLERHE X, FFH LT
TR 1 PRI, JLE 4~6 FHHEFKENFA S
1.54 mmHg", B EIEIEE R, Fr4) LEF & M2 iz 4
imA K E S5 10%, ) LE 4 FRIREESFA S
0.35 mmHg'"?, REAE—ERRE L, ) L EOMEREE
HAENMIERIE. EPE—IN 1:1 LEFHEFI-XT R
R, SMEARBXKFIBESFXRA, MelE
4 (TLEAR I TXIERA; PN D ITRA, LTL B
BESSMEZEBENDPANEFY, oW, #
&)L LTL AIEAEIRIR 2B S LENEASNE
MRS
3.3 WHIRHAREEMFRH)LELTLEESILETHE
[HESZ 5 A9 KBk

FEEARD, BEFIEREESYERKBRIHE
¥EFRB X QI N A =1, == B8 M¥E 4R 4 THE R %
giHR, LA e MES FEE(=6.1 mmol-L™), BE X
KRB FERRK T, shISRiR & M, AR/ EEIRE
EmE, ENNRESESFHRLINS 0, TRF
HAH IR 2240, AT G RFEE LR T BN
WMEELSEPXBELORR, B p-HFBRBRE XN IT

B4 5% R (cAMP-response element binding protein, p-

CREB) M PGC-1a, H EIR® 7 FH/NR AR AL
BAEXERKE, OERREIRERRIZIR X E R
B8 L EE 2(nicotinamide adenine dinucleotide phos-
phate oxidase 2, NOX2) F1 M £T & 1N & &&-1( heme oxy-
genase-1, HO-1) )\, BIHEE TR, ) | ERERERR M
mEAS"5 TLEEZHEX, RPJLE LR
S588RERSHEEXR, LTLEEN) L EF =M
ETEMEZ IR EERABIHER. EARRFRIE
EH, 3F - £ BEXY TNF-a N T8 LTL IS B RIP(E
B, I BBNIE - £ BB I ENEEERR A TR
HHFER. ol W, REME LN TR LTL F852 0]
YERIRA) LE = BR IMARZ I R HR E IR E 4.

3.4 WMIRHAREREBN R LE L EE5) L EMAE
FEHXE

MmAERE BB NN SR &R, 858 S EEE
(total cholesterol, TC) « HIH=MA5(triglyceride, TG) F1E
ZEIEZE HAEEEZ(low density lipoprotein cholesterol,
LDL-C) F = M /3% = % E A5 & B FB [E EZ (high density
lipoprotein cholesterol, HDL-C) B 25, (B E I K HA
TERTBEE, U BHRW, RITREMRARE, 8
BEVEES TC. 76 M LDL-C 21EEX, 5 HDLC £
tiEx, HHRHHRS LoL-c R hE =B, i)
KWL, Mol ESEERBENZENRE, NS
HIGHMEZTHEEAMEASY . X5KE—M
meta DITEREYI S, BIEHES HDL-C [FEH 16
AR BERXP EEE—HENTIARF, SHE
& B2 ME P 5 B35 1F B AE BB sk < E R 8 1R
2, Xr] gEie i AR & B2 M E B RR T 4 dn 2 1A,
HohmisR & A7) LENREF B AR, BB
gk THE)LLTL 5) L EMAER & XEKARERKD,
REMNIRRRE—TRE,

SR LR, ) LE CMRF EA 7D R RXT 23 E RN
hE) | ERHMEFS, HEEREMHEREE RS
RBREMFREM, Bl CMRF SAES A LR &4, 8
WERT) L ZERIEE IRRERTAHEN,

a4 Z5ie

S ER, BRFIRBESEESHE)L LTLERE
FEXE, EPES 45 RN RERN. LR{ATIEE
RS, AT EFE/MANEERET DNA B ESE
MF T REEEEEIER, I, FIRAFEREZENFEH)L
B ITLEEYS) I BEOMERSEEEX, 88L&
AERE. MERES. TEMBEZMAMEREE, RIBF
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