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RIKERBERAKTS eGFR XRPRIFERTER.
755 RABGH-WRAR, EBETHN 2N HXER 497 A, HHP 3 R A (eGFR>

80 mL'min™) 230 A, eGFR E 2H(eGFR <80 mL'min™)267 A, BT EXEAEREEZMN AR,
WEMANRWEREESRERE; REMRNRTESRHFCMRBHRANEF(UCr),
RETIESNA KM SNE M B AR ER mANET(scr) , REANEE eGFR,
FEEER. M3 SHERE. REAMB A KE. IWEBRERG, BIH N ERS RS
K, SME MRR < R B IIAEEAR eGFR =&)X Ro

[4552] eGFR HEAABHRIBHISMAIKTE [M(Pyss Pys) ] 9 3.85(1.56,7.34) pg-g™ (Cr ARIE) , &0t

H84H [1.57(0.60, 3.62) pg-g™ Crl(P<0.001) ; FMNE MIHHI K BRI BEIKTE [M(P,s, P1s)1 79 2.42

(1.89,3.10) Kb, fEFXTERLH [2.69(2.09, 3.64) Kb]( P < 0.001) o FASMERNHLERER: £ A,

SNE MIRHRIK ETERIAKTH eGFR Z [BINH YRR AN /9-0.276(95% CI: —0.708~-0.001)

RN EL GBI 3.35%; LI AR, SMNE MimR K EERIFKFHR eGFR Z BRI

K/NJ9-0.484(95% CI: -1.160~-0.023) , RS TRAMZ BT LL 19 5.34%; B ABEH, R &LIMIH
MIFHRKEER A eGFR ZBHIH N ER.

[£518] ABFERER7K T 5 B IhBELEIT eGFR MSME MIRAIK E R TIAEX, SMNE MimHKEER
MEPRIES eGFR X R RIZRNEM
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Mediating role of peripheral blood telomere length in relationship between environmental
lead exposure and glomerular filtration rate LI Yuxing, GUO Jianyong, GAO Yuanyuan, KANG
Hui, HAN Zhichao, ZHANG Yifan, LIU Rujie, YANG Qian, LEI Lijian (Department of Epidemiology,
School of Public Health, Shanxi Medical University, Taiyuan, Shanxi 030001, China)

Abstract:

[Background] Exposure to environmental lead can cause kidney damage and telomere wear.
However, the relationship among lead, peripheral blood telomere length, and glomerular
filtration rate (eGFR) are unclear.

[Objective] This study is conducted to investigate the relationships of urinary lead level with
peripheral blood telomere length and renal function index eGFR, and further explore whether
peripheral blood telomere length plays an intermediary role in the relationship between urinary
lead level and eGFR.

[Methods] A case-control study was conducted to select 497 residents from two communities in a
city, including 230 in the control group (eGFR=80 mL~min'1) and 267 in the abnormal eGFR group
(eGFR < 80 mL:-min~"). Basic information and health information of the subjects were collected
through a face-to-face questionnaire survey. Fasting morning urine was collected, and urinary
lead and urinary creatinine (UCr) were detected. Fasting peripheral venous blood was collected
to detect telomere length and serum creatinine (SCr) in peripheral blood leukocytes. eGFR was
estimated by the Levey formula. After further adjusting for age, gender, education level, family per
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capita monthly income, smoking, and drinking the relationship among urinary lead level, peripheral blood telomere length, and renal
function index eGFR was evaluated by mediating effect analysis.

The overall level of creatinine-adjusted urinary lead [M (P,s, P;s)] in the abnormal eGFR group was 3.85 (1.56, 7.34) ug-g™ which
was higher than that in the control group, 1.57 (0.60, 3.62) pg-g (P <0.001). In addition, the overall level of peripheral blood telomere
length in the abnormal eGFR group was 2.42 (1.89, 3.10) Kb, lower than that in the control group, 2.69 (2.09, 3.64) Kb (P <0.001). The
results of mediating effect analysis showed that the magnitude of mediating effect by peripheral blood telomere length was -0.276
(95% ClI: —0.708--0.001) and it contributed 3.35% to the relationship between urinary lead level and eGFR. In women, the magnitude of
mediating effect by peripheral blood telomere length was —-0.484 (95% CI: -1.160--0.023) between urinary lead level and eGFR, and the
proportion of the mediating effect was 5.34%. In men, no mediating role of peripheral blood telomere length was found between urinary

lead and eGFR.

Urinary lead level is closely related to renal function index eGFR and telomere length in peripheral blood. Peripheral blood
telomere length plays a mediating role in the relationship between female urinary lead and eGFR in women.

urinary lead; peripheral blood telomere length; glomerular filtration rate; mediating effect

IFR, BALIKCEERAZRD &K HP IR
FIMEBBRENER, KEPHEEEEELZT TE,
BEME T MM HEZEmR, FEHRBEZEMAR
EFE, XERRFEBH RN EE, BYRER, B
EREY BT ZHNHBEEEUR BRI A AR
AF M, dE H0 T A B B8 M S AEA( chronic kidney
disease, CKD) HIXB&, 2020 F i B P 4 4H 43 (World
Health Organization, WHO) 85I A+ FEE A HE T
FERFNIMR TR 2 —,

ZMMMRAMBRENIHERNKERTES ckp &
RE/EEXLBINETERE XY BNKIESE
(glomerular filtration rate, eGFR) @& 2 1A S AE ThAE
BERY, MRLZNSWREERERXERAL, 48
H KPRV EIFIEREN T ANME R eGFR KFE
TEE, SEEER, — LR & TR R EE AT LA A T
ERBISRAYITE R RERRRE RN, 40 Das F
MR R ZRE, EFRBBEEPHAEEENES, B
T BB D AT R IMin M KBRS L . B
HRUR R K E R EAN—MEMITEY), RIEBERIRE
EMMARBIIETERE ). NIRRT URIBIENSBREERN
EMIREM, 2R EE KT S 5E M is K< E
eGFR FUXBXE, it/ A MR KERESERBS
eGFR X R LIERNER, Nt —PIBTRIBRBRES|E
BRI EIR AR,

ERETX 2 MBEAN, ER—1BANES
EE, 5—TMANEH 0mETEENEAN, T
2016 T 6—8 A HBIEIR A 77 (B BV 77 A HEUEERY
Ro AR RANIT A FHTE 18 B % LU L, HiFFAR

H OBRETBUEME. SRBEKSE; QBEEX
TEEMERREE. XARG - B RILIT,
497 BT R I RPN TR AT, X ER2H (eGFR>
80 mL-min™") 230 f§ll, eGFR &% £H(eGFR < 80 mL-min™")
267 il ZAREFUAERAFZCEZASHE(CIE
BHES! 2012009), FIEH RN RIIFIBR R,

KARSRAETEN AR, WERARNKRNELRE
£l MIEBARAREEAODZHE(FR. M5 RHABE
E. KREABIBWA BIFRRREEF) MEFITHIM
(M. TRE) « TR BRI BEEF FE—MIE . i
mB: 85 AEF,; KEE W (body mass index,
BMI) = fAE/H =7 kg'm ™

WERARNRTERIR, -20°C I°7%F, FR
A Agilent7700 BB S FE FARIE{N (Agilent,
EE)ME. FRANLEFurinary creatinine, UCr) ;I 7€ 15 FB
AMEFNE AT S(EREREDREERAE, PE).
FrE FREEIONFSARI A uCr RIE, 283 EL ug-g™ Cr Tlo
MIHREHARITRTIEIS
[EABPKI, £ 4°C R TERMELRESG, L ZIIRE
ShRE I B 4B AR, -80°C fE7F 5, S Al M B 4B AR X A
Omega SE Blood DNA Kit(Omega ¥R AT, EEH)
12 HY DNA, 4} JE I b ¥ < EE K A3 Bio-Rad CFX PCR 1¥
(Bio-Rad ‘AF], EE) #HITHITEE PCR M, LA 3684
BENBEREANSRER, mHERNERMERS]
M5 A TR S1o MM A RENRE MM 3
21, B eIt BN SRR K ERN B
EIERMBKE; F19 TL(Kb)= (T/5)/92, HEH,
TL AEFIHRKE, T AmALEKE, S HEENER
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KB EKERLL & 7& N E MANEF(serum creatinine,
scr), B M BIFERITRE SRR AN FE
eGFR: R.grr=144x( Wy, /0.7) x0.993" ATV Rogrr N
INERIEIEER, mLmin™; wee, /9 SCr 7K, mg-dL™; v, /9
FE, &5 c NEE BESMRIM wy, BIAIMEX, B
M Y W, <0.9 mg-dL™ B, c=-0.411; we, >0.9 mg-dL™
B, c=-1.209, T Y wy,<0.7 mg-dL™" B, c=-0.329;
We, >0.7 mg-dL™ BY, c=-1.209,

1.4 HitEnDH

5K FH EpiData 3.1 SR N ILHUEE, SPSS 26.0 #
THRIT P ERD AR KA £ 1R, HiE bR
KARAIRITTER 11, RESDH IR LRI
M(P,s, P,5) 327, RFBIES QIS Kruskal Wallis 1238
FiED I ITEEEE B A S 2 E#HER, ¥ 1I0H
TP NEEELLFIRF GraphPad Prism 8.0 2
XK FH SPSS 26.0 ZX 14 PROCESS 3.4 R4 #HITHN1E
Ba, BT R EBE IREMN =S O )IF NG
BRESMBZTE(RE) . PNAT2(SMNEAMIHFRIK
E). NT = (eGFR) ZBINXEX: BEADMRIES
eGFR FUX 5, FRIAXT eGFR I BN ; 58— DR
BE5HRNKENXR, E=FoMiEFRNKER,
FREB5S eGFR Z BIMNEIZEMR, BRI K EERE
5 eGFR XA RN, FREVF TR EH 95%E
EXIia), ARz XY £ TFRAEE 0, MR 773K
MEFRITFEERE N IRHKE 0=0.05,

2 4
2.1 R REAIHIE

eGFREBH 267 A, HFRFEM 143 A, T
124 N, FI9F R (65.648.3) % ; XTHRLAH 230 A, B
32 A, &t 198 A, FIYF#(54.8+13.4) % eGFR
SRASBATER. H3. SHERE. KEA
RN, RAFRICEE R EERERITFER
X (3 P<0.05), BMI R ERAZEREAITFERNX
(P>0.05)0 M5 1o
2.2 FAANBFRIEREIRIEKT

XJ eGFR 7 & AT R A 8] K etR K F#1T O
EbiR, ERER: STIRAMELL, eGFR B EAHB MM
T RIBKFEE S (P<0.001); eGFR B & 50~% A
60~% A S5 X ERLAME L FRFBKFIRE(P<0.01) ; KEE
A B WA <1000 7o4H. 1001~3000 To4H, LB E
FNFERLUTA. FIPARFBKT eGFRR ZRAST T
XTERZH(3Y P<0.05) ; RIRAENARINEE eGFR &

ARBKESFXIRAGY P<0.001); HMEE
FREGIKFEMABLREZRDERITER X (Y
P>0.05)o Jﬁ'_.ie 2o

®1 MANKERFHE [n(%)]

Table 1 Basic information of subjects [n (%)]

- SFERLA eGFREH
T 5
K Control group eGFR abnormal t/X P
Variable
(n=230) group (n=267)
FWe/% (Age/years)
X+s 54.8+13.4 65.6+8.3 10.961  <0.001
<50 69(30.0) 7(2.6) 101.161  <0.001
50~ 59(25.7) 36(13.5)
60~ 75(32.6) 148(55.4)
70~ 27(11.7) 76(28.5)
1451(Gender) 85.129  <0.001
B (Mmale) 32(13.9) 143(53.6)
Z(Female) 198(86.1) 124(46.4)
BMI/(kg-m™) 4.299 0.229
<18.5 4(1.7) 4(1.5)
18.5~ 76(33.0) 76(28.5)
24.0~ 98(42.6) 105(39.3)
28.0~ 52(22.6) 82(30.7)
ZHEIZE (Education level) 66.304  <0.001
ey 53(23.0) 150(56.2)
Primary and below ’ :
#F(Middle school) 75(32.6) 72(27.0)
EREES
Junior college or high 89(38.7) 38(14.2)
school
RIR L E o 7(2.6)
Bachelor degree or above ’ ’
KEABBN/TT
) ) 52.974  <0.001
Per capita monthly household income/yuan
<1000 60(26.1) 153(57.3)
1001~ 115(50.0) 84(31.5)
3001~ 47(20.4) 21(7.9)
5001~ 8(3.5) 9(3.4)
MM (Smoking) 65.328  <0.001
=(Yes) 24(10.4) 115(43.1)
Z(No) 206(89.6) 152(56.9)
IR5E (Drinking) 25.106  <0.001
2(Yes) 18(7.8) 66(24.7)
&(No) 212(92.2) 201(75.3)

2.3 WA ABRIBKFESIHNE mimhi < EYHE
BT XY eGFR B H AN XY IR A (8] IR $h 7K F X I E
MR KERILLER, ERETR: eGFR BEATIRIBK
I [M(Pys, Pys)]1 79 3.85(1.56, 7.34) ug-g™* Cr, & T X308
2H [1.57(0.60, 3.62) pg-g™* Cr](Z=-6.284, P<0.001) ; ¥k
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B M 3% K A< B SR IK I [M(Pys, Pys)] 79 2.42(1.89,
3.10) Kb, {X F3F BB 4H [2.69(2.09, 3.64) Kb] (Z7=-3.719,
P<0.001), WWE 1,

2 FEHEFRHAABRIBKT (ng-g ' Cr) BILLER
Table 2 Comparison of urinary lead (ug-g™ Cr) between
participants with different characteristics

SFERLE eGFREEA
Control group  eGFR abnormal V4 P
[M(P,s5 P75)]  group[ M(P;s5 Ps)]

3
Variable

FH8/% (Age/years)

<50 1.42(0.46,2.90) 6.76(1.07,7.85) -1.266  0.205

50~ 1.36(0.71,3.64) 4.64(2.18,10.24) -3.506 <0.001

60~ 2.11(0.61,4.29) 4.01(1.59,6.99) -3.401 0.001

70~ 2.25(0.82,3.65) 3.51(1.32,7.52) -1.680 0.093
M51(Gender)

5 (Male) 0.72(0.44,2.28) 2.88(1.13,6.42) -4.013 <0.001

% (Female) 1.70(0.67,3.82) 4.75(2.28,8.19) -6.116 <0.001

KEAIIBUN/TT(Per capita monthly household income/yuan)

<1000 2.56(0.64,5.33) 4.39(2.14,8.10) -2.991  0.003
1001~ 1.27(0.53,3.62) 3.48(1.35,6.98) -3.940 <0.001
3001~ 1.56(0.67,2.77) 1.46(0.52,3.38) -0.219  0.827
5001~ 2.13(1.49,6.26) 2.87(1.42,6.88) -0.577 0.564

ZHBEFEE (Education level)

INERIT
J i A 2.87(0.83,5.29) 4.37(2.31,7.87) -2.435 0.015
Primary and below

#)= (Junior high school)

ERHEEF

Junior college or high

1.41(0.68,3.77) 4.40(1.60,6.98) -3.410 0.001

1.14(0.51,2.67) 1.39(0.53,2.87) -1.045 0.296
school
AR E
Bachelor degree or 2.06(1.16,4.77) 2.88(1.65,6.76) -0.911 0.362
above

=

J& (Smoking)
=(Yes) 1.47(0.52,4.08) 2.96(1.01,7.01) -1.694 0.090
% (No) 1.53(0.62,3.62) 4.53(2.18,7.84) -6.571 <0.001
ZR5B(Drinking)
*E(Yes) 1.87(0.55,2.89) 2.78(1.12,6.57) -1.908  0.056

% (No) 1.56(0.61,3.76) 4.25(1.85,7.50) -6.151 <0.001

R, B—FDWINAMIRRKETEIRES eGFR X &
ZEHRN RN, ERER: HEER. 4. ZHE
ZE. KEABBAN. IR, (UBXLERRRE, &
BEPRIFKES eGFRRAMIMNE MIRKI KE 2 AME XK
#(P<0.05), WK 4, BEDITE W FTEMEE SL,
ShE MR EE S ABFRIBKTS eGFR XA Z (8]
BESRNER, EPRBXT eGFRIEIZEMN 1
-7.835(95% CI: -10.399~-5.271) , 7T W BI K/ A
-0.276(95% CI: -0.708~-0.001), H 77 R4 K2 B9 Eb 151 J9
3.35%, D3R 56

80 * 10 l
5 3l 5
Cl- g% ,
- X =
a= W g ‘
23" X S
Q@ o e
B e
ey
- S
5 =
0 0
eGFREEAH  XIRA eGFRFEH  XHRA
eGFR abnormal  Control eGFR abnormal  Control
group group group group

(] *: P<0.001,
[Note] *: P<0.001.
1 FRAIEREKTE (A) RIME MiFHI K E (B) BILLER
Figure 1 Comparison of urinary lead level (A) and peripheral
blood telomere length (B) between two groups

&3 FWAABRI. SMEMRRKENS
Table 3 Distribution of urinary lead level and peripheral blood
telomere length among participants with different eGFR levels

eGFREHH

PASTERLAFREA. JMNE MR E R = DU G
RITRD A GLUEAKF) « G2(HKFE) F G3(FKF)
=4, FRER 5XRAMLL, ecFRR B RABEI =
DDA, REBKTRE(G3) MIMNE MimkKE
=2(G1) AR R ELE K ; FREBKFFIINE
MIRHRIKETE eGFR R R AN RAERIEARITE
B X (¥ P<0.001)0 E 3,

24 SMAMBHKETERAS eGFR XEBEFRIPN
EF
BT RIBMINE MBI K E S eGFR X RBYHH

TE X HRLE 2
) eGFR abnormal X P
Variable Control group
group
FR$B/(ug-g™ Cr)[Urinary lead/(ug-g™ Cr)] 33.518  <0.001
G1(<0.81) 76(33.0) 41(15.4)
G2(0.81~2.92) 76(33.0) 71(26.6)
G3(>2.92) 78(34.0) 155(58.0)
B # < E/Kb(Telomere length/Kb) 11.749  0.003
G1(<2.34) 76(33.0) 127(47.6)
G2(2.34~3.23) 77(33.5) 78(29.2)
G3(>3.23) 77(33.5) 62(23.2)

FEZMEANET, BEER. SHEERE. KEAY
BUWN. A, TEEERRGE, IREKFES eGFR FSMNE
Mt KEFEREXXRY P<0.05), &K 4, B
BOWMBENHFZTMEE 2, TELHERBKES
eGFR X RIRE R, SNE MiHH KEFERNER. K
YT S IHEEE IR eGFR BY B 1Z RN /9 -8.580(95% CI
-11.840~-5.319) , 77 R4 Kz B9 K /) /9 -0.484(95% CI:
-1.160~-0.023) , PN BIEL BT 5.34%, DLZR 50 £
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SHEABER, HAR &SN MimH K E PRI eGFR
ZEBH 1R

KR4 SMNEAMEHRKETERIES eGFR B TERIGIE
Table 4 Mediation model tests of peripheral blood telomere
length between urinary lead and eGFR

WELS BTE
Dependent Independent b t P R’ F P
variable variable
ISYN:=2
Total population
FRER
eGFR . -8.11 -6.22 <0.01 0.67 142.04 <0.01
Urinary lead
R
UK R
Telomere ) -0.20 -2.06 0.04 0.04 3.06 <0.01
length Urinary lead
U7 TR NS
eGFR 136 228 0.02 0.67 125.99 <0.01
Telomere length
FRER
. -7.83 -6.00 <0.01
Urinary lead
1% (Female)
FRER
eGFR ) -9.06 -5.45 <0.01 0.57 71.01 <0.01
Urine lead
78NS
=~ R
Telomere - -0.25 -1.93 0.06 0.05 287 0.01
length
7 TR NS
eGFR 197 271 <0.01 0.58 63.13 <0.01
Telomere length
FRER
. -8.58 -5.18 <0.01
Urine lead

[F 1 ARER. 45 SBEEE. REAARN. TIRSI0E,
[Note] Adjusted by age, gender, education level, per capita monthly
household income, smoking and drinking.

&5 SMNEMIRKHKERR TN

Table 5 Mediating effect tests of peripheral blood telomere

length
S MR 95% & {5 X 8]
B (Variables) Effect DO0tS ! 95%C

S AE¥(Total population)
BRRL(Total effect) -8.110 1305 -6.22 <0.001 -10.674~-5.546
B (Direct effect)  -7.835 1.305 -6.00 <0.001 -10.399~-5.271
(B3R (Indirect effect) -0.276  0.183 — — -0.708~-0.001
% (Female)
BRRL(Total effect) -9.064 1.664 -5.45 <0.001 -12.337~-5.790
B (Direct effect)  -8.580 1.657 -5.18 <0.001 -11.840~-5.319
[Bl#ER N (Indirect effect)  -0.484  0.301 — — -1.160~-0.023

FIARERKA, R ERBREES SN MR
KEMBINEEIEIT eGFRR BRI X R, Ikl KEBIR
5 eGFR TREEXEK. MRAXKIHEBRXNEDL
BEFEIT eGFR R HE B E 2 A AE R HINA MIKHIKEST

S

HENL+EH, WHO IREBEE 5 5~10 A A
BT SRR, 2017 £ CKD BIDIREBHFERN 9.1%
TERTE S IR R EZ BT, eGFR FR{EE KD i#
ERFUIEFY, ok, ZIRRRAESENABFRSE
B8, RIBTUEABREENEMIRE" ™, Ak, &
MRURARRABFREKTF. BE DT eGFRR &
HESITIRE A BFHRIBKT, KM SXTHRLAMELL, eGFR
S EHRBKFEES(3.85 ug-g'Crvs 1.57 pug-g " Cr)o
Satarug FX ERE S AT 392 B ERFEEEE
MARETHBRES EINEEIEIR eGFR THRZTIHE
%, Buser F {5 B/R1E 2007—2012 FEEE AL
FAFRRIBKTEA S S SIHEEIEIT eGFR TREEX, 13
SRMALI—H,

KRR T eGFR R EASXTIRA AL
B miskiKE, KM eGFR B F A IMNE Mgk KE &
RIKF(2.42 Kb) R FXFHRLH( 2.69 Kb) o ITERBH—
EXFimNKES SERRNARIRE, wils F*
ERZIHNEMN/NEREE P ENIENKERES S
R R £ Z DM X, b, —In 866 B LR
BENARETIHNEKES eGFR EBFHEX, TE
BAMRRIER, & ZBEXERATEES,

Baihlk, MRANARE. RNKERRESS
HSINEE TR, BB Z X FINE Mimhi K EFE R TR
5 eGFR X R 1EAMATR. ANHARER LI INE
MiRHIKEERIBS BINEEIEIT eGFR XRIFNE
FARILL IR 3.35%. ARFTEX], FIEHER AR B
HEATE, ESHFZaESaCREGEMARL, 7
ERRARL. BIRA. SHEALE. HTHEES
SWRMNEE T EENRNEEZHESBIRAAR
RE. KZHIBRT, ImhIINEErES 2 H T IRAIKE
BIZEFTIE AR BY. BRI, FRA3E M SN B I i i 1< o] BE
N SHRES 'S INEEIETT eGFR IR E,

o, KR ADIIAMIEHNKEERES
eGFR X RPN NEREFEEMINER, B D BEHM
BEEI, EBEPXHANERREE, BELMEH
ShE MIRRIKERN RN ERLLEIR 5.34%. XFIEER
HTFIEME. BERKFERRIIRPIETERIE
B H9o Thomas EP AR R BE A B K REE S mhl
KEZEXRANMEFFRMY, X 51 BHRANKRAR
2 R EZ [z R A6, & B0 K2 R B2 N3 I R 7K T s 22
MR E S, 9N, Song 7 1£3¢ 289 Z I Kt
XL RHEN, REN2EAMENHBEELN
BRREARESRENHNKER X,
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NARFE—LEHRYE: Tk, AR HEG-
XYERER 5T, R EEME FRERFNMNE MR K E S S ThEE
51T eGFR 8%, (B2 I5R Z BIRVBY (8] IR T BEFA E »
HLARXARLETER; X, XKIARPHRAAE
NER. SHERE. REABYBBNSUREEE
5, JREREMRE, ERES PN T EN BHIT
T R DT, BN DTS R IE S T 1R R
EEm, RAGERLD T XERENHRERNE
W, &fa, ZARNERER ), ALFEEH—T TR
RERBFIEMEATIAR, RANRITHRBE. IRk K
FEH] eGFR [BIX o

ZE, ARARETABRBKTES BB
eGFR MoMNE MiRAKEZTIEX, BHEREES eGFR
FENXAIN ZHEINE MR KERNT S,

SE M

[ 1] HAGEDOORN 1J M, GANT CM, HUIZEN SV, et al. Lifestyle-
related exposure to cadmium and lead is associated with
diabetic kidney disease[J]. J Clin Med, 2020, 9(8) : 2432.

[ 2] HARARI F, SALLSTEN G, CHRISTENSSON A, et al. Blood lead
levels and decreased kidney function in a population-based
cohort[J]. Am J Kidney Dis, 2018, 72(3) : 381-389.

[ 3] SHEFA ST, HEROUX P. Both physiology and epidemiology
support zero tolerable blood lead levels[J]. Toxicol Lett,
2017, 280: 232-237.

[ 4] MAZIDI M, REZAIE P, COVIC A, et al. Telomere attrition,
kidney function, and prevalent chronic kidney disease in the
United States[J]. Oncotarget, 2017, 8(46) : 80175-80181.

[5] AMEH Ol, OKPECHI |G, DANDARA C, et al. Association
between telomere length, chronic kidney disease, and renal
traits: a systematic review[J]. OMICS, 2017, 21(3): 143-
155.

[6] LI P, TIAN C, GE N, et al. Premature senescence of T cells in
long-term survivors of renal transplantation[J]. Biochem
Biophys Res Commun, 2011, 407(3) : 599-604.

[ 7] KATO S, SHIELS PG, MCGUINNESS D, et al. Telomere
attrition and elongation after chronic dialysis initiation in
patients with end-stage renal disease[J]. Blood Purif, 2016,
41(1/2/3): 25-33.

[ 8] VUIKOVAC AC, NOVAKOVIC S, VUIKOVAC B, et al. Aging in
fabry disease: role of telomere length, telomerase activity,
and kidney disease[J]. Nephron, 2020, 144(1): 5-13.

[ 9] LEVEY AS, BECKER C, INKER LA. Glomerular filtration rate
and albuminuria for detection and staging of acute and
chronic kidney disease in adults: a systematic review[J].
JAMA, 2015, 313(8): 837-846.

[10] REILLY R, SPALDING S, WALSH B, et al. Chronic environ-
mental and occupational lead exposure and kidney function
among African Americans: Dallas lead project II[J]. Int J
Environ Res Public Health, 2018, 15(12): 2875.

[11] DAS A, BHATTACHARJEE P, BHATTACHARJEE P. Role of
arsenic, lead and cadmium on telomere length and the risk
of carcinogenesis: a mechanistic insight[J]. Nucleus, 2019,

62(2):99-107.

[12] O'CALLAGHAN N, FENECH M. A quantitative PCR method
for measuring absolute telomere length[J]. Biol Proced
Online, 2011, 13: 3.

[13] LEVEY AS, STEVENS LA, SCHMID CH, et al. A new equation
to estimate glomerular filtration rate[J]. Ann Intern Med,
2009, 150(9) : 604-612.

[14] ‘BB, KE, BANR, & PARRACRERFRENA D].
DIEEIR, 2004, 36(5) : 614-620.

WEN ZL, ZHANG L, HOU JT, et al. Testing and application of
the mediating effects[J]. Acta Psychol Sin, 2004, 36(5):
614-620.

[15] LUYCKX V A, TONELLI M, STANIFER JW. The global burden of
kidney disease and the sustainable development goals[J].
Bull World Health Organ, 2018, 96(6) : 414-422D.

[16] GBD Chronic Kidney Disease Collaboration. Global, regional,
and national burden of chronic kidney disease, 1990-2017: a
systematic analysis for the Global Burden of Disease Study
2017[J]. Lancet, 2020, 395(10225) : 709-733.

[17] ABATE K H, ABDULAHI M, ABDULHAY F, et al. Consequences
of exposure to prenatal famine on estimated glomerular
filtration rate and risk of chronic kidney disease among
survivors of the great Ethiopian famine (1983-85): a
historical cohort study [J]. Nutr J, 2021, 20(1) : 19.

[18] FUKUI Y, MIKI M, UKAI H, et al. Urinary lead as a possible
surrogate of blood lead among workers occupationally
exposed to lead[J]. Int Arch Occup Environ Health, 1999,
72(8): 516-520.

[19] BAI'Y, LAENEN A, HAUFROID V, et al. Urinary lead in relation
to combustion-derived air pollution in urban environments.
A longitudinal study of an international panel[J]. Environ
Int, 2019, 125: 75-81.

[20] WANG X, JIN P, ZHOU Q, et al. Metal biomonitoring and
comparative assessment in urine of workers in lead-zinc and
steel-iron mining and smelting[J]. Biol Trace Elem Res,
2019, 189(1): 1-9.

[21] SATARUG S, GOBE GC, UJJIN P, et al. A comparison of the
nephrotoxicity of low doses of cadmium and lead [J]. Toxics,
2020, 8(1): 18.

[22] LI S, WANG J, ZHANG B, et al. Urinary lead concentration is
an independent predictor of cancer mortality in the U. S.
general population[J]. Front Oncol, 2018, 8: 242.

[23] BUSER M C, INGBER SZ, RAINES N, et al. Urinary and blood
cadmium and lead and kidney function: NHANES 2007-
2012[J]. IntJ Hyg Environ Health, 2016, 219(3): 261-267.

[24] WILLS LP, SCHNELLMANN R G. Telomeres and telomerase in
renal health[J]. J Am Soc Nephrol, 2011, 22(1) : 39-41.

[25] WONG LS M, VAN DER HARST P, DE BOER RA, et al. Renal
dysfunction is associated with shorter telomere length in
heart failure[J]. Clin Res Cardiol, 2009, 98(10) : 629-634.

[26] THOMAS N, HUDAIB A R, ROMANO-SILVA M, et al. Influence
of cortisol awakening response on telomere length: trends
for males and females[J/OL]. Eur J Neurosci, 2020 [2021-
05-03] .https://sci-hub.ren/10.1111/ejn.14996.

[27] SONG Y, CHO M, BRENNAN K M, et al. Relationships of sex
hormone levels with leukocyte telomere length in Black,
Hispanic, and Asian/Pacific Islander postmenopausal
women[J]. ] Diabetes, 2018, 10(6) : 502-511.

(R DR, BERE . THRF)

www.jeom.org


https://doi.org/10.3390/jcm9082432
https://doi.org/10.1053/j.ajkd.2018.02.358
https://doi.org/10.1016/j.toxlet.2017.08.015
https://doi.org/10.18632/oncotarget.20706
https://doi.org/10.1089/omi.2016.0180
https://doi.org/10.1016/j.bbrc.2011.03.079
https://doi.org/10.1016/j.bbrc.2011.03.079
https://doi.org/10.1159/000502909
https://doi.org/10.1001/jama.2015.0602
https://doi.org/10.3390/ijerph15122875
https://doi.org/10.3390/ijerph15122875
https://doi.org/10.1007/s13237-019-00280-5
https://doi.org/10.1186/1480-9222-13-3
https://doi.org/10.1186/1480-9222-13-3
https://doi.org/10.7326/0003-4819-150-9-200905050-00006
https://doi.org/10.2471/BLT.17.206441
https://doi.org/10.1016/S0140-6736(20)30045-3
https://doi.org/10.1186/s12937-021-00675-8
https://doi.org/10.1007/s004200050409
https://doi.org/10.1016/j.envint.2019.01.044
https://doi.org/10.1016/j.envint.2019.01.044
https://doi.org/10.1007/s12011-018-1449-0
https://doi.org/10.3390/toxics8010018
https://doi.org/10.3389/fonc.2018.00242
https://doi.org/10.1016/j.ijheh.2016.01.005
https://doi.org/10.1681/ASN.2010060662
https://doi.org/10.1007/s00392-009-0048-7
https://doi.org/10.1111/1753-0407.12577
https://doi.org/10.3390/jcm9082432
https://doi.org/10.1053/j.ajkd.2018.02.358
https://doi.org/10.1016/j.toxlet.2017.08.015
https://doi.org/10.18632/oncotarget.20706
https://doi.org/10.1089/omi.2016.0180
https://doi.org/10.1016/j.bbrc.2011.03.079
https://doi.org/10.1016/j.bbrc.2011.03.079
https://doi.org/10.1159/000502909
https://doi.org/10.1001/jama.2015.0602
https://doi.org/10.3390/ijerph15122875
https://doi.org/10.3390/ijerph15122875
https://doi.org/10.1007/s13237-019-00280-5
https://doi.org/10.3390/jcm9082432
https://doi.org/10.1053/j.ajkd.2018.02.358
https://doi.org/10.1016/j.toxlet.2017.08.015
https://doi.org/10.18632/oncotarget.20706
https://doi.org/10.1089/omi.2016.0180
https://doi.org/10.1016/j.bbrc.2011.03.079
https://doi.org/10.1016/j.bbrc.2011.03.079
https://doi.org/10.1159/000502909
https://doi.org/10.1001/jama.2015.0602
https://doi.org/10.3390/ijerph15122875
https://doi.org/10.3390/ijerph15122875
https://doi.org/10.1007/s13237-019-00280-5
https://doi.org/10.1186/1480-9222-13-3
https://doi.org/10.1186/1480-9222-13-3
https://doi.org/10.7326/0003-4819-150-9-200905050-00006
https://doi.org/10.2471/BLT.17.206441
https://doi.org/10.1016/S0140-6736(20)30045-3
https://doi.org/10.1186/s12937-021-00675-8
https://doi.org/10.1007/s004200050409
https://doi.org/10.1016/j.envint.2019.01.044
https://doi.org/10.1016/j.envint.2019.01.044
https://doi.org/10.1007/s12011-018-1449-0
https://doi.org/10.3390/toxics8010018
https://doi.org/10.3389/fonc.2018.00242
https://doi.org/10.1016/j.ijheh.2016.01.005
https://doi.org/10.1681/ASN.2010060662
https://doi.org/10.1007/s00392-009-0048-7
https://doi.org/10.1111/1753-0407.12577
https://doi.org/10.1186/1480-9222-13-3
https://doi.org/10.1186/1480-9222-13-3
https://doi.org/10.7326/0003-4819-150-9-200905050-00006
https://doi.org/10.2471/BLT.17.206441
https://doi.org/10.1016/S0140-6736(20)30045-3
https://doi.org/10.1186/s12937-021-00675-8
https://doi.org/10.1007/s004200050409
https://doi.org/10.1016/j.envint.2019.01.044
https://doi.org/10.1016/j.envint.2019.01.044
https://doi.org/10.1007/s12011-018-1449-0
https://doi.org/10.3390/toxics8010018
https://doi.org/10.3389/fonc.2018.00242
https://doi.org/10.1016/j.ijheh.2016.01.005
https://doi.org/10.1681/ASN.2010060662
https://doi.org/10.1007/s00392-009-0048-7
https://doi.org/10.1111/1753-0407.12577
www.jeom.org

	1 对象与方法
	1.1 研究对象
	1.2 调查方式及内容
	1.3 样品收集和生化指标的检测
	1.3.1 尿铅
	1.3.2 端粒长度和eGFR

	1.4 统计学分析

	2 结果
	2.1 研究对象基本特征
	2.2 两组人群各指标间尿铅水平
	2.3 两组人群尿铅水平与外周血端粒长度特征
	2.4 外周血端粒长度在尿铅与eGFR关联中的中介作用

	3 讨论

