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Mediating effect of telomere length on relationship between lead and cadmium coexposure
and blood glucose ZHANG Yifan, GUO Jianyong, KANG Hui, HAN Zhichao, LI Yuxing, LIU Rujie,
YANG Qian, LEI Lijian (Department of Epidemiology, School of Public Health, Shanxi Medical Uni-
versity, Taiyuan, Shanxi 030001, China)

Abstract:

[Background] Individual lead or cadmium exposure can cause abnormal blood glucose level and
changes in telomere length, and the role of telomere length in the relationship between heavy
metal joint exposure and blood glucose level is still unclear.

[Objective] To explore the role of telomere length in the relationship between lead and cadmium
coexposure and blood glucose.

[Methods] A cross-sectional study was conducted. By convenient sampling method, 600 residents
living in two communities in a city in North China were selected as participants from April to
June 2016. Face-to-face interviews were performed to collect general demographics and
lifestyles of the participants. The peripheral blood samples of the participants were collected for
blood glucose and telomere length detection, the urine samples were collected for urinary cad-
mium, urinary lead, and urinary creatinine measurement, and both urinary cadmium and urinary
lead were corrected by urinary creatinine. The included participants were divided into a control
group, a high-cadmium and low-lead group, a high-lead and low-cadmium group, and a high-lead
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and high-cadmium group, according to the median levels of urinary cadmium and urinary lead. A restricted cubic spline model was con-
structed to analyze the relationship between urinary lead/cadmium levels and blood glucose concentrations in the four groups and the
relationship between cadmium exposure and telomere length in the high-lead and high-cadmium group. Intermediary model test was
conducted to analyze the effect of telomere length on the relationship between exposures to lead and cadmium and blood glucose.

The included participants were divided into the control group (n=99), the high-cadmium and low-lead group (n=91), the high-
lead and low-cadmium group (n=145), and the high-lead and high-cadmium group (n=265). The differences in age, education level, per
capita monthly household income, smoking, blood glucose, and telomere length were statistically significant among the four groups
(P <0.05). The high-lead and high-cadmium group had the highest blood glucose concentration, (5.63+1.68) mmol-L™", and the shortest
telomere length, (2.63+1.05) Kb. The restricted cubic spline results showed that urinary cadmium level was correlated with blood glucose
concentration in the high-lead and high-cadmium group (F=3.45, P=0.037), and there was a non-linear association (F=6.91, P=0.002); the
association between urinary cadmium level and telomere length was also non-linear (F=5.93, P=0.043). The intermediary model test results
showed that telomere length was a mediating variable between urinary cadmium level and blood glucose concentration, and the mediating

effect size was 0.0192 (95%C/: 0.0007-0.056 3), with a mediation ratio of 15.57%.

Correlations between urinary cadmium and blood glucose and between urinary cadmium and telomere length were observed

in the high-lead and high-cadmium coexposure group, and telomere length may play a mediating role in the relationship between them.

exposures to lead and cadmium; lead; cadmium; blood glucose; telomere length; mediating effect
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A F]HY SE Blood DNA Kit $Z2EXSME I H4BAE A EY DNA,
KAXNRAESE PCRIZNIHAKE, BRNERS]
). wRIIEES |4, 5'-CGGTTGTTTGGGTTTGGGTTTGGG
TITGGGTTTGGGTT-3'; IH#i R [ 5|4, 5'-GGCTTGCCTT
ACCCTTACCCTTACCCTTACCCTTACCCT-3', B 3E &
51%): 36B4 IEE 5|4, 5'-CAGCAAGTGGGAAGGTGTAA
TCC-3'; 3684 [R[A5 |4, 5'-CCCATTCTATCATCAACGGGTA
CAA-3's BERVERE PCRIZFIZEEIT: 95 C T4
3 min; 95 °C &% 155, 62.6 °CiR N 205, 72 °C ZE{H
255, & 40 MEWF, PEINER PCRIEFIGEWT:
95 °C M4 3 min; 95 °C ¥ 155,63.2 °C IBA 20 s,
72 °C ZE{# 25 s, H 40 MEIF. FimkKE=Imhl =2
KE/(92xBENEREKE)
1.3 Rt HARFHE

K EpiData 3.0 H1TFEITWRNEBILTIEE,
SPSS 23.0 HITHIT P ESDFHRIITERE KA xts
KT EESHHHITEZ KRR Py Pyss Prs) TRNo
AEILLRER A ED MR LSD-t I, RRFEHED
M &4 BY#1T Kruskal-Wallis 130, 18R EISR 31
MIapgtb Rz, FAZBIENLLERMER ¥ 105, Eid
EUINT 5 BYRH Fisher BT EHITIRIO, £ R
Studio 1.3.1056 R A LA B LH A B R EB. FREBKER
Ps Pson Pos AT, BIPRHIMEIL A FARE, MR
FRHESLERIREENHED DR, IR

KESMERE ZEIRIX R

FRFEEP, NEBE WA AR RTKTS MYE
REZBEHNXAZAEGRITERN EESHERAXT
MIRBBESIHAKEZBHNXRH#ITH—T DI, 1%
Rl KEN=2MUHK S8 mA AR D Nimk
KERE(T. A KEPRFT)NHIKERK
(13) =ML, DT ARENEA A B imh K E S mER
EzZBHXR. ETEHRAERAARKRTEKTSME
RENIBRIKENXR, UNRERBHRAKE RS
KESMBERERXZR, KA SPSS process 3.2 #H—F
IITEHRKE RPN, 1307KE a=0.05,

2 &
2.1 MARMNRHEREESMEMERICNER

B ERMNIKRE. RREBKFEFR[MES R 0.71.
1.29 pgg™, RIBZOKTE, WER. SREH. SHEE.
SHERAD A 99, 91, 145, 265 Ao BRERESH
HFRET, WAANBEFR. HEEE. KEAIBIA.
ARG . AR KERRKEZ BNERREEAIT
FENX(P<0.05), 7. BMI, IBERKRZBINERT
FITFENX(P>0.05), H—F @ LSD-t WA, =
HERAABNNERERS, mAUKERE, 5%
AL REZHIERITFRN(P<0.05), I 1.

xR 1 ARWNENESER. EVEFFEVER

Table 1 Basic information and biological sample detection results of participants

=R EAE =IRERA =ifheima
- PO:EE:] (High-cadmium (High-lead and (High-lead and
(V;ile) n (Control group) and low-lead low-cadmium high-cadmium XIF P
(n=99) group) group) group)
(n=91) (n=145) (n=265)
/% (Age/years); n(%)
x1ts 600 59.89+15.43 64.26+10.26 61.75+11.62 63.24+12.09 12.61 0.006
<50 88 29(29.29) 10(10.99) 23(15.86) 26(9.81) 2791 0.001
50~ 122 22(22.22) 20(21.98) 29(20.00) 51(19.25)
60~ 253 30(30.30) 41(45.05) 67(46.21) 115(43.40)
70~ 137 18(18.18) 20(21.98) 26(17.93) 73(27.55)
1% 51(Gender), n(%)
E(Mmale) 225 36(36.40) 35(38.46) 49(33.79) 105(39.62) 1.45 0.694
2Z(Female) 375 63(63.60) 56(61.54) 96(66.21) 160(60.38)
BMI/(kg-m™), n(%)
<18.5 8 2(2.02) 2(2.20) 1(0.69) 3(1.13) 6.68  0.083
18.5~ 179 28(28.28) 28(30.77) 35(24.14) 88(33.21)
24.0~ 234 40(40.40) 38(41.76) 59(40.69) 97(36.60)
28.0~ 179 29(29.30) 23(25.27) 50(34.48) 77(29.06)
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SRR HAE = AR A S|

re FERLA (High-cadmium (High-lead and (High-lead and
(Variable) n (Control group) and low-lead low-cadmium high-cadmium X/F P
(n=99) group) group) group)
(n=91) (n=145) (n=265)
HET2E (Education level), n(%)
INE R LT (Primary school and below) 240 25(25.30) 24(26.37) 67(46.21) 124(46.79) 35.63  <0.001
#J9(Middle school) 184 26(26.30) 30(32.97) 31(21.38) 97(36.60)
E R (Junior college or high school) 153 43(43.40) 35(38.46) 42(28.96) 33(12.45)
5%} K2 Lk (Bachelor degree or above) 23 5(5.10) 2(2.20) 5(3.45) 11(4.15)
KEAS B UN/TT(Per capita monthly household income/yuan), n(%)
<1000 246 29(29.30) 32(35.16) 65(44.83) 120(45.28) 9.79 0.020
1001~ 243 53(53.53) 33(36.26) 49(33.79) 108(40.75)
3001~ 111 17(17.17) 26(28.57) 31(21.38) 37(13.96)
YEIRAR 5T (Marital status), n(%)
JETESE (Single) 16 5(5.05) 3(3.30) 3(2.07) 5(1.89) 3.43 0.329"
TE8&(Married) 584 94(94.95) 88(96.70) 142(97.93) 260(98.11)
T AR 52 (Smoking), n(%)
ZE(Yes) 178 24(24.20) 29(31.87) 30(20.69) 95(35.85) 9.28 0.026
Z(No) 422 75(75.80) 62(68.13) 115(79.31) 170(64.15)
TR 5B(Drinking), n(%)
& (Yes) 272 18(18.18) 15(16.48) 28(19.31) 211(79.62) 0.29 0.961
Z(No) 328 81(81.82) 76(83.52) 117(80.69) 54(20.38)
IM#E(Blood glucose)/(mmol-L™), x+s 600 5.39+1.34 5.60+1.67 5.33+1.14 5.63+1.68 9.88 0.019
InKI < (Telomere length)/Kb, xts 600 3.23£1.18 2.80£1.32 2.85%1.27 2.63£1.05 19.50  <0.001
FR$®(Urinary cadmium)/(pg-g™) 600 0.33+0.18 2.463.22 0.44%0.17 3.6316.44 2239  <0.001
FR$R(Urinary lead)/(ng-g™) 600 0.59+0.32 0.64+0.30 5.56+5.98 8.35+12.65 27.91 <0.001

[ 7 1*: A Fisher FtIHBIERE,

[Note] *: By Fisher's precision probability test.

2.2 FEBABRT. RIBKFSIERENXR
KARGIMEILAEZFEETHARNREILZEZ
BRI X RHIT T, LB LEABE P Poon Pos FREA R
WAKFEATR(EK 2). LURF. RIBKFEERHEEZE,
MBKREANTE, HFARFER. HEEE. KEAY
BN IRIRIE5, 2 ITHB A BV ER TR IREBKTES

MERENXR. GRETR, e RmAAFKREK
I 5 [ #E K EE 4B < (F=3.45, P=0.037), H 2 IF& 4=
BX(F=6.91, P=0.002) . Hth =£AAFRR. FREAKF S
WREZERSHSRAABKRSE 7J<3F'—5£t|1#}§%v§“
Z B KEER LA E RN (P>0.05), ILE 1. B 2

®2 REMIAHERFTR

Table 2 Cutoff values of restricted cubic splines

BBT (Unit): pugg™

FR$®(Urinary cadmium)

FR¥R(Urinary lead)

£8%1(Group)
Ps Ps, Pos Py Ps, Pos
XFERZH (Control group) 0.09 0.31 0.66 0.18 0.50 1.20
= R EA%A (High-cadmium and low-lead group) 0.77 1.43 14.32 0.25 0.57 1.21
= AR R4A (High-lead and low-cadmium group) 0.17 0.45 0.69 1.36 3.67 20.54
=R (High-lead and high-cadmium group) 0.77 1.43 7.26 1.48 5.15 27.16
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BRI SEARRINSRICBIIL, PAF BN RTINS RIREIRER,

[Note] A: Control group (n=99); B: High-cadmium and low-lead group (n=91); C: High-lead and low-cadmium group (n=145); D: High-lead and high-cadmium

CE]

group (n=265). Adjusted by age, education level, per capita monthly household income, and smoking status. The solid line represents the smooth
curve fit, and the shaded part represents the standard error band from the fit.
B 1 BEFREIMIIAFFEESNNAABRFKTS MERENXR

Figure 1 Relationship between urinary cadmium and blood glucose in four groups based on the restricted cubic spline model
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A: STHRLH(n=99) ; B: BREHA(n=01); C: BHERA(n=145); D: BIFRERA(n=265), HWEER. HBEEZE. KEABBN. REFE .
ERMSRERTING MY B iheE, AR DR AN EINITEIRET,.

[Note] A: Control group (n=99); B: High-cadmium and low-lead group (n=91); C: High-lead and low-cadmium group (n=145); D: High-lead and high-cadmium

2.3

group (n=265). Adjusted by age, education level, per capita monthly household income, and smoking status. The solid line in the figure represents
the smooth curve fit, and the shaded part represents the standard error band from the fit.

B2 BETFREIMIIAFFIRESNNAABRBKTES MERENXR
Figure 2 Relationship between urinary lead and blood glucose in four groups based on the restricted cubic spline model
=fit TET ﬁéﬂ)\ﬁﬁ'&%\ FREFEEASERNXR  ZEINXRETHE—D D R RF ARSI
S

FMREESHSREAFNOREERS WA UAFFER, DR KEFANTE, 75 LRSS,
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REBKFERBTE, HARFR. BHEEE. REA
BIBUWN. RMRIE R, i emA AR R, R
KESIHHRKEZBINFE-RNXR. FREBKFE
DH P5(0 77 ug-g ) Pso(1.43 pg-g™) A Pos(7.26 pg-g™)
3 MR, BRET, RIEFKESIHRRKEZ B 234

5.00 -
£ ﬂ Psttxat(overall association) =0-226
= Pttt 8% Nonlinearity association) =0-043
& 4.00-
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¥ o
= o
B 3.00 -
&5
P L T re— |
T % 2,00 -
5}
>
<
1.00 - 1 { . . |
0 2.00 4.00 6.00 8.00

PR#@(Urinary cadmium)/(ug-g™)

(REIRIEES2SEN

KBX(F=5.93,P=0.043) o BFRIBKFH I P(1.48ugg™)«
Pso(5.15 pug-g ) M Pos(27.16 ug-g M) 3 N &, ERETT,
FRERKF SimhKE 2 B XBER MBI FERE N (F=
1.29, P=0.278) , WA 3,

5.00 - ﬂ

4.00 -

Pt stu(overallassociation)=0-278
P3ksst38% (Nonlinearity association) =0-309

3.00 -

2.00 -

B SPr L3R NS
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1.00 -
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BEE. KEASB BN TRIEER. BPNKARTISHIRIL, BB 0 RRINSHIRERES.

[Note] Adjusted by age, education level, per capita monthly household income, and smoking status. The solid line in the figure represents the smooth
curve fit, and the shaded part represents the standard error band from the fit.

E 3 BEFREMIAFFERSITSRSRAABRTKTE (A).

FRER7KTF (B) Simfi K ERIX &

Figure 3 Relationships of urinary cadmium (A) and urinary lead (B) with telomere length in the high-lead and high-cadmium group based
on the restricted cubic spline model

SRAABRNKES MERENXR

A RA R R RIHAKE AR MERE 28
E’\J% FMFZIHFEEN(P=0.778), L& 3, £ 1E[E3
PDITERER, £ T3( > 2.86 Kb) A, JARRER . HBE
EE. KEABUWAN. ﬂ&'l‘*‘RE, FRER7KF 5 iz
REZ B XBXBESRITF RN (P=0.005), L& 4,

%3 S RATREIRRKEABLERENLE (1=265)

Table 3 Comparison of blood glucose among different telomere
length levels in the high-lead and high-cadmium group (n=265)

A5 m¥E

n

24 l_.|'tl:

(Group) (Blood glucose)/(mmol-L™), Psy( Pys Pys)
T1(<2.00 Kb) 87 5.28(4.76, 5.87)
T2(2.00~2.86 Kb) 90 5.20(4.71,5.97)

T3(>2.86 Kb) 88 5.23(4.74,5.90)
X 0.500
P 0.778

[ 7F 1*: R Kruskal-Wallis 138
[Note] *: By Kruskal-Wallis test.

x4 SHERATRRAKEAMBREES NEREN
ZMEYASD R
Table 4 Linear regression analysis of the relationship of lead or
cadmium exposure and blood glucose among different telomere
length levels in the high-lead and high-cadmium group

25 SIRERBEERATHEAKENPNME

FIRARER. HEREE. KEAYABAN KA
BRE ERER, HHKERKRTB/KFES MERE
KAZBINFRNTE, FAMIZA/NT 0.019 2(95%CI:
0.0007~0.0563) , 7T EEAI /9 15.57%(0.0192/0.1233) ,
Z s Fik 6,

x5 BEEERESHEATHNKETHFEEESOREXA
PRy TMERIG IS
Intermediary model test of telomere length on relation-
ship between exposures to lead and cadmium
and blood glucose under high-lead and
high-cadmium circumstances

Table 5

HEE HIE

(Dependent  (Independent b t P R F P
variable) variable)

& R5®

(Blood (Urinary 0.1041 2.7742 0.0074 0.4172 10.6359 0.0058
glucose) cadmium)

HRKE RIS

(Telomere  (Urinary -0.0589 -2.0471 0.0452 0.1586 2.1873 0.0479

length) cadmium)

i IR

(Blood (Telomere -0.4769 -1.9549 0.0469 0.2115 2.5484 0.0296
P T1(<2.00 Kb) T2(2.00~2.86 Kb) T3(>2.86 Kb) glucose) length)
L= (Variable)
b P b P b P _
FR$%
FR$®(Urinary cadmium)  -0.030 0.507 -0.030 0.657 0.060 0.005 (Urinary 0.1233 3.2509 0.0019
FR$B(Urinary lead) 0030 0471 -0.016 0388 0020 0.164 cadp i)
[ ARFR. HERE. REAFAKN. REER. [F 1 RARFR. HEREE. REAPAKAN. RIEE .

[Note] Adjusted by age, education level, per capita monthly household in-
come, and smoking status.

[Note] Adjusted by age, education level, per capita monthly household in-
come, and smoking status.
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6 REEREEEL MR KETHRFEZEESNEXA
PR T AR I
Table 6 Mediation effect test of telomere length on relationship
between lead and cadmium coexposure and blood glucose under
high-lead and high-cadmium circumstances

. A {H Boot SE t P 95%Cl/
(Class of effect) (Effect) 00 ?

B3R (Total effect)

B IEM W (Direct effect)
[B)¥E XL N (Indirect effect)
R o5 Eb (Effect ratio)

0.1233 0.0379 3.2509 0.0019 0.0474~0.1993
0.1041 0.0375 2.7742 0.0074 0.0290~0.1791
0.0192 0.0147 0.0007~0.0563

15.57%

ARRBEIXTAEFRREREKFRARITRILLER
o, KU EEERA AR REKTS MEKREREX,
B2IFEM X, RIFKESHAKEZ B 2IFL& M
KB BAMIGH KEREEREESMEREXR
AR EA.

EERESRAERRFELAENERARZZ— —F
H, BRE 0 LUBE 5 E4eES . 1 miERT | k.
BORBERBARRZERVDEERMBERE,;
S—FH, EEELSKRR B AR, FS
HT MW, EAORAR S, 2AE A AR
ERERS, WA KERE, X5 xu " FHEEE
KBRS EF AT EIRH TR B[O B4 18 b m i 5
PIREZES MEREXRZNARER—H KHAR
HARLZMARITR BMI. IRNBBEREZ BIFERITE
ER BAXERESHEREKFEUREAEX, &
MARLERET, SR RAABNKRBEKTES MR
EZBEFEEEXXR, TRMERERERTEKEN
N L Fo Hagedoorn HFWX TR, $BIRE SHER
AEREBREXRZNARB LI, XMHERERIEELL
MEERN AKX TFIBRFEEENSIHEAEER, 5
MyERENNTE X, HIRRES | ETEMEREH
SHNTFETEERTHREERESBIVAE~EEIWN
B MENREXERRFENAENLERAREE
SEEAY, AN, AUNENSESRIRNES
=W EXEY, HEEREMR MERE X £ 24,
KR EHBESRAABNRBKESTERMERE
ZIEMXATHITER N, X5 T REINXTHERRK
BEANEZEHKENRARER . RIBMIRE
SRR I AE R E LR BN E 1 AR, R HE—T R

KRRERET, TaBamAARTR, REWK
FEHRAKEZBRAGEEENE-RNX R, BiIR
B A FFRE DTG RN, REFEKESHAKE

2 BTEIEIER M K BE, IR K E S RFKEEG %, Ko
EUWRRERET, BIRVEREMNETRHKE
BARITRA R, KRBT REASESRSR
IMEH, 2T ERALAHIRIF AT R TSN
MIEIZIE, REERHEB SR, RS R
KEHES,

BRRRESMERES XL MEASITES
E RS L B8, 2 T AT B F LI KI O ThREH S 3
BRARIZREE ™, Elks EPMFARHB R, RES 2 2R
FHNTERMER, 5 EH X Em KL N n
SIRKES X, s I fE N RE N LT EY,
AHRFIE R B 5 R EE( < 2.00 Kb) « 1 E5(2.00~
2.86 Kb) FIAR1<( > 2.86 Kb) =4A 5, BARFR LI IHALI K
E S5 MERE 2 BMEXY, BRFE—FDING
R, LRI K EREKAD, RFKT S MER
B2 B ] BETRIE R 8- R % R Zhao Z @ T — IR
meta DRI, WA KBNS 2 BBERKBN SRR
2 IEEE B EXE, BA XN KE SERRS IS
REXR, MEH— S RIS,

HEFAREE. WHKENSEMERE=E>
BRI %R, BKRARREDN DGR, [M4E A B+
NEEERATBHKETRERES MEREXR
s A ER(YER LB 15.57%) , TiEth =43
KNP REBESMBRE ENXR, XAEZEHTF
S5YARFSREEL, SR ESRAsIREHE
HIE IR, BREEY NIRRT, SHIE. FRS
AL, 8. BEHAREAARERBE LY LES.
DBH BT SIS S EMIME, BR B 81m,
RREESSHERTSLERABPRILE, BRHAR
SEZENNEER. IMEYNHRERBET,
5450, {REIRREAML, B, BHARSARREL
BEIR 5 R S M SR UL,

AHRMAREZ L OARARRAEERZ,
QEEENBRERIE, NRRE. BRKENRDT 5 MmE
RENT 2 B % R HRIGKIE, H AL =&
MEARXR, MEHTH—HHNFIARUBH=E
BME R X B, @AFRFEBAI AN RRF £
2, ARREEKERTFRANEBKTENESE, 55K
THRESLENREATRERE, BERRMEANTH
FBRESMEREZENXR, OEFHRIN RN
HERR T R MR R E MR HIR R R MR BS
S MAE R K E I8 MR, BEREERRY
% AR R P AE 25 K B TR 3 =S B I W R FE B B2 P, R
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