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Relationships of environmental cadmium exposure with changes of renal function and urinary
transforming growth factor-B1 HAN Zhichao, KANG Hui, ZHANG Zhen, GAO Yuanyuan, YANG
Qian, ZHANG Yifan, LIU Rujie, LI Yuxing, LEI Lijian (School of Public Health, Shanxi Medical
University, Taiyuan, Shanxi 030001, China)

Abstract:

[Background] The chronic toxicity of cadmium far exceeds that of other heavy metals. Cadmium
mainly accumulates in the kidney, and its toxic effects on renal function and related dose-
response relationship need to be further studied.

[Objective] This experiment evaluates the relationships of environmental cadmium exposure
with the changes of renal function and urinary transforming growth factor (TGF)-B1 levels.

[Methods] A cross-sectional study was used to recruit 229 residents of a cadmium-polluted
irrigation area (a low-level environmental cadmium exposure area where soil cadmium level
was 0.238 mg-kg™,
soil cadmium of 0.3 mg-kg?) and 212 residents of a non-cadmium-polluted area (where soil

slightly lower than the national environmental quality standard limit for
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cadmium level was 0.077 mg-kg™) in North China. The participants had lived there for more than 10 years. Their peripheral blood and
urine samples were collected, the urinary cadmium (UCd), urinary transforming growth factor-B1 (UTGF-B1), urinary micro-albumin (UALB),
urinary N-acetyl-B-D-glucosaminidase (UNAG), and serum and urinary creatinine levels were measured, and estimated glomerular
filtration rate (eGFR) was calculated. The indicators were expressed as median (M) and the 25th and 75th percentages (Pzs, Pss).
Kruskal-Wallis test was used to compare the renal function indexes and urinary TGF-B1 levels at different UCd levels. Spearman rank
correlation analysis was adopted to assess the correlations of UCd with renal function indexes and urinary TGF-B1. The relationships of
UCd with urinary TGF-B1, UALB, UNAG, and eGFR were analyzed by restricted cubic spline after adjusting for gender and age.

[Results] The UCd level of residents in the cadmium-polluted area was 1.07 (0.57, 2.61) pg-g™ (adjusted for UCr, thereafter), which was higher
than that in the non-cadmium-polluted area [0.75 (0.43, 1.21) pg-g?, P<0.001]. The levels of UNAG and UALB of residents in the cadmium-
polluted area were 17.26 (12.29, 26.11) U-g™* and 12.97 (8.59, 20.88) mg-g”, which were higher than those in the non-cadmium-polluted
area; the eGFR and urinary TGF-B1 levels were 56.38 (48.63, 63.90) mL'min™ and 21.22 (12.01, 36.26) ng-L™, lower than those in the non-
cadmium-polluted area (all P<0.05). There were significant differences in renal function indexes among the residents grouped by quartiles
of UCd levels; specifically, with the increase of UCd levels, UNAG, UALB, and urinary TGF-B1 increased, while eGFR decreased. The results
of restricted cubic spline analysis revealed that the correlations of UCd with UNAG and urinary TGF-B1 (x’=8.24, P=0.016 2; x’=17.90, P<0.001)
were significant and non-linear (X’noninear=3-93, Pron-iinear=0.047 6; X*non-iinear=8.60, Pron-iinear=0.003 4). When UCd was higher than 0.750 ug-g?,
UNAG and TGF-B1 showed an increasing trend.

[Conclusion] Long-term low-dose cadmium exposure may cause adverse effects on renal function and urinary TGF-B1 levels.

Keywords: urinary cadmium; urinary transforming growth factor-f1; renal function; restricted cubic spline model; cadmium exposure
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BRX 212 Ao BARRUAENAZCEZASM
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N- ZBt -3-D- R BB EVEEES/EM (urinary N-Acetyl-B-
D-glucosaminidase, UNAG) , ELISA U %€ FR #° TGF-B1 #
IR £ B Z& 8 (urinary micro-albumin, UALB) 7K *F,
= IRER Eb 8 7% M ZE FRALET (urine creatinine, UCr) R
ERE (FIRRE), BRSO RBPERRERSE
MR E =R T 21T FrARKNFEFRII A ucr
RIEo

RS RER L &I NE MANEF (serum creatinine,
scr) RE, XAEMSRAITTREMEALANHES
INEKEIE ZR (glomerular filtration rate, eGFR) o

B ¢ Rearr=141x (wse,/0.9) czx (0.993) Vage 5

T ¢ Recrr=144x (wse:/0.7) % (0.993) Vageo

LA ¢ Reor— B/NKIEEZR, mLmin? 5 wse—
SCriliE, gL' ; ve— FWH, % ; c— B, HES5H
BN wee, A/ NER , Y ws, <0.7g-L BT, cx=-0.411,
c%=-0.329, H ws>0.7g:L* Y, cz=c4=-1.209
1.3 #itESR

¥ FA EpiData 3.0 1T W R N B L #IE %, SPss
23.0 H1TRIT Do W FIED D RAVERIE, KA xts
iR, AELLIRRAKAIRITE RN 1510, RED
BHITE AR AR ER (M) F5E 25, 75 B 79 i
(Pys, Pss) o1, KFAIESEHICIE (Mann-Whitney 1038
0 Kruskal-Wallis 1236 75 7%) #H1TEE IR, THEERIR A
FIEAFD AL EL IR, 2 1 IR HITEE IR AR Z [B]RVAE
X% KA Pearson #8x 73 M7 8X Spearman #AEX 24 ;
7E RStudio 1.3.1056 R I I FREIME L HHF KRR, ¥
PR RENS logistic VAL SHIRFIM L H %
ER RS B THEETEARAI IR TGF-B1 BIX FRo XUMIHE
¥, #0387k a=0.05,

2 #R
2.1 BEXNIE

HUNAARTR 441N, HFRITRX 229 A,
EBTHRIX 212 Ao MAMRITRIIRME. TBRITR
BMINERTAITFEX (39P>0.05), FEHM 45!
HNERERITFREX (5725]P<0.001, P=0.014), I

EP

R1 2016 EETARKFIMEREZXAEWRERER
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Table 1 Comparison of basic characteristics between two
cadmium exposure groups in 2016 [n (%)]

FERX E5EX
TE Cadmium-polluted Non-cadmium-polluted
Variable area area X1z P
(n=229) (n=212)
Fe /% (Agelyears)
Xts 65.67+7.96 60.15+10.16 6.38 <0.001
40~ 7 (3.06) 36 (16.98) 56.21 <0.001
50~ 24 (10.48) 60 (28.30)
60~ 135 (58.95) 75 (35.38)
70~ 63 (27.51) 41 (19.34)
4% (Gender) 6.09 0.014
5 (Male) 95 (41.48) 64 (30.19)
%z (Female) 134 (58.52) 148 (69.81)
& 4A (Smoking) 3.21 0.073
2 (Yes) 75 (32.75) 53 (25.00)
7 (No) 154 (67.25) 159 (75.00)
%58 (Drinking) 0.12 0.720
2 (Yes) 40 (17.47) 39 (18.40)
Z (No) 189 (82.53) 173 (81.60)
BMI/ (kg:m?) 2.99 0.396
o~ 4 (1.75) 3 (1.42)
18.5~ 72 (31.44) 72 (33.96)
24~ 84 (36.68) 88 (41.51)
>28 69 (30.13) 49 (23.11)

2.2 REPKFIMRRBEX ABKTBKFRIELER

ETRXABRFEPALIA0.751gg?, BTHR
X ABERFEPIEN 1.07 ug-g?, A ABERRTK
FESEEHRITFENX (P<0.001), W5 RX AREH
BUSZMRRKEEIETIESEX AR (P=0.003,
P<0.001) ; 40~ FH5 70~ F AT, |ITREX AR
WKFETFIETEX AR (P=0.002, P<0.001), &5
X A B & BMITE 18.5~<24 kg-m? £H 5 24~<28 kg:m™
AR FEETIETEEX AEF (P=0.002, P<0.001) ;
B RERMRSINE, RS RX ABREKEYS
FIESRXAEE (P<0.05) ; HMAERFBKFER
KABAITFEE N BRIEK 2,
23 FREKFEFIRFEEEXABSINEERETEREK
TGF-B1KFELLER

RIS HX AR UNAG FI UALB K FI9 = FIES
X AE (P=0.032, P<0.001) , eGFR I TGF-B1 /K1Y
RFIETREX AR, ZER2EHRITFENX (39P<0.001),
K 3,
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&2 2016 FERHAEKFIFRFRREBX AR RFKFHILLIR

Table 2 Comparison of urinary cadmium levels between two cadmium exposure groups in 2016

AL (Unit) : pgg?

$255 %X (Cadmium-polluted area)

FE55 X (Non-cadmium-polluted area)

1545 (Variable) ; v Pr. P ; v Pr. P Z P
24K (Total) 229 1.07 0.57, 2.61 212 0.75 0.43,1.21 4.86 <0.001
%51 (Gender)

2 (Male) 95 1.10 0.56, 2.38 64 0.76 0.39, 1.34 3.02 0.003

% (Female) 134 1.02 0.58, 2.96 148 0.75 0.44, 1.20 3.74 <0.001
Fig /% (Age/years)

40~ 7 131 1.09, 1.79 36 0.48 0.19, 0.96 2.93 0.002

50~ 24 0.77 0.43, 1.57 60 0.98 0.45, 1.38 -0.23 0.817

60~ 135 0.86 0.55, 2.04 75 0.79 0.54, 1.07 1.74 0.083

70~ 63 1.90 0.80, 7.47 a1 0.71 0.42, 1.17 439 <0.001
BMI/ (kg-m?)

o~ 4 2.69 0.94, 17.48 3 0.12 0.10, 0.15 1.77 0.114

18.5~ 72 1.71 0.73, 4.00 72 1.00 0.61, 1.57 3.15 0.002

24~ 84 0.98 0.55, 1.99 88 0.60 0.33, 0.99 3.70 <0.001

28~ 69 0.84 0.45, 1.84 49 0.68 0.46, 1.07 1.56 0.119
% 4A (Smoking)

2 (Yes) 75 1.26 0.72, 2.38 53 0.84 0.43, 1.42 2.89 0.004

& (No) 154 0.96 0.54, 2.96 159 0.72 0.43, 1.11 3.67 <0.001
58 (Drinking)

£ (Yes) 40 1.33 0.59, 2.33 39 0.75 0.40, 1.07 2.59 0.009

Z (No) 189 1.02 0.57, 2.90 173 0.75 0.43,1.21 411 <0.001

&3 2016 FEBARKFIFRFEREX AR SINEEISIT AR TGF-B1 K FHILLIR

Table 3 Comparison of renal function indexes and urinary TGF-B1 between two cadmium exposure areas in 2016

fB5 (X (Cadmium-polluted area)

FE5HX (Non-cadmium-polluted area)

i
i8tn (n=229) (n=212) 2 p
Variable
M PZS) P75 M PZS)P75
FRN- Z, Bt -B-D- S EEEIEEESEM (UNAG) / (Ug?) 17.26 12.29, 26.11 15.26 10.39, 23.62 2.14 0.032
REEBAZEAKTE (UALB) / (mgg”) 12.97 8.59, 20.88 11.89 7.90, 17.37 6.11 <0.001
S/ NEREIEE (eGFR) / (mL-min™) 56.38 48.63, 63.90 94.20 85.78, 100.61 -16.30 <0.001
REEKETF -B1IRE (Urinary TGF-B1) / (ng-L™") 21.22 12.01, 36.26 34.92 21.11, 72.04 -6.54 <0.001

2.4 FERFEKFAESIHEEIEIR AR TGF-B1KF
AIELER

FTEMRRX RIRBED A2 E, MNEIK
lQl. Q2. Q3. Q4 B F&, K Kruskal-Wallis 2 5,
EL &40 B IhREFE IR M2 FR TGF-BL KT, ZERER, K
[ FR $8 7K T A B¥ B9 UNAG. UALB. eGFR. FR TGF-B1 7K

T ZBEFHFEARITFERX (P=0.002#]P<0.001)
RIEEE R H IR BT | UNAG. UALB. TGF-B1
PEERBKFENASMAS (95 2%=9.85. 10.11.
21.79) ; eGFR FEE IRIBKFHIFA S MR (*=26.96) ,
B1§pP<0.05, M&E 4,

&4 2016 FERTRERFMAF AR EINREEIT KPR TGF-BLIKFLLER [M (Pas, Pis) ]

Table 4 Comparison of renal function indexes and urinary TGF-B1 of residents at different urinary cadmium levels in 2016 [M (Pas, Pss)]

A5 [FRE/ (eeh)]
Group [Urinary cadmium/ (ug-g™)]

RN-ZBL-B-D- S EEEEHE RHMEBREH (VALB) BN EE (eGFR) / BUEKET -1
(UNAG) &M/ (Ug?) KE/ (mgg") (mL:min™) (TGF-B1) 3REE/ (ng'L™)

Q1 (<0.481) 111 15.03 (10.28, 22.12) 11.15 (7.39, 17.29) 77.78 (58.11, 94.06) 22.11 (13.37, 36.48)
Q2 (~0.873) 109 15.59 (10.53, 22.49) 11.43 (7.98, 17.29) 72.51 (56.92, 93.98) 23.06 (12.45, 38.17)
Q3 (~1.664) 110 16.34 (11.84, 24.04) 14.11 (8.46, 23.99) 2 79.21 (57.43, 98.09) 34.48 (14.99, 73.89) *
Q4 (>1.664) 111 19.15 (14.72, 28.31) 14.51 (8.80, 27.94) *® 61.40 (49.40, 84.83) ¢ 32.33 (18.10, 75.11)
X 15.16 16.22 19.92 27.25

P 0.002 <0.001 <0.001 <0.001

X 5 enay 9.85 10.11 26.96 21.79

P (trend) <0.05 <0.05 <0.05 <0.05

DEla: 5Qi4Atbi, P<0.05; b : 5Q24AEER, P<0.05; ¢ 1 5Q34AELER, P<0.05,
[Note] a: Compared with Q1, P<0.05; b: Compared with Q2, P<0.05; c: Compared with Q3, P<0.05.
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2.5 FistrEHEX YD

REMMEXDITIRRS B IHEEIEMR. IR TGF-B17K
TFRIMEXM. R ER, FRI5S UNAG. UALB. TGF-B1
FIEMEX, 5eGFREZ X, FRTGF-B1 5 UNAG.
UALB. eGFR Z2IFMEX, XA K 5
2.6 MAMRBIMILAHEZERSITRES EIEE
SRTHXR

URBHBLTE, SEeiEii INETE, HiIEAE
FREMFNHEER, XARSIMEILAFREE DR
58 ThEEfEtr 2 BINFIE RN X R, 23 UIETERKX
A B UNAG. UALB. TGF-B1 HleGFR YR #/KF HE
B, FeTSRENEREX N EELENZ, K
%nH)Za NI E (Pios Psos Poo) > XY N FYFR 87K 53 51 4
0.22. 0.87. 3.99ug-g?, 3 N R 7K F 3F UNAG L B9

&5 2016 FRMABKRETES

OR (95%CI) 935179 0.77 (0.61~0.97) . 1.06 (1.01~1.11)
1.73 (1.17~2.56) , X UALB R Z BI OR (95% CI) 43 3179
0.74 (0.51~1.08). 1.06 (0.99~1.15). 1.99 (1.06~3.74) ,
3T TGF-p1 X ZZAY OR (95% CI) 4351749 0.69 (0.55~0.86) «
1.08 (1.03~1.13). 2.17 (1.47~3.22), ¥t eGFREAZ Y
OR (95%CI) 43 3!/ 9 0.88 (0.61~1.26) . 1.03 (0.951.10).
0.97 (0.51~1.83), &R ER, FRIES UNAG. TGF-B1 4%
RXEBYBE FITEE N (¥=8.24, P=0.0162 ; ¥=17.90,
P<0.001) , HFR#®5 UNAG. TGF-B1 BIA T EE& X
BX OC4r1:=3.93, P5u=0.0476 ; X' 421=8.60, Pssspe=
0.0034) ; HRAEETREREBAKF0.75088' F,
UNAG I TGF-B1 2 N #2 2, R85 UALB. eGFR 2§
THXBETLSHITFEENX (¥*=4.81, P=0.2055 ; x*=1.29,
P=0.5249) ., ERIE 1.

5 S THEEEIRAIR TGF-B1 BYMB X4 5347 (r)

Table 5 Correlation analysis of urinary cadmium, renal function indexes, and urinary TGF-B1 of residents in 2016 (r)

&#5 (Variable) FR$® (Urinary cadmium)  FRN- Z B -B-D- EEEEEEES (UNAG) RIMEBHEZER (UALB)  B/NKIRIZE (eGFR)

FR N- Z B -B-D- S B R EEE S (UNAG) 0.1985"
RIMEBZER (UALB) 023417 0.1814™
2/ NERJEE R (eGFR) -0.1737"" -0.1817"" 0.0295
FREMWEKEF-BL (TGF-B1) 0.2388" 0.1684" 0.7619™ 0.2204™
[ (Note) ] ** : P<0.01o

4 Proninesrity ssociaton=0-047 6 4 P inennty ssoastion=0-2065 3 it

Poserallassociation=0-016 2 Poyerai association=0:2055 _
3 3 FRIFKERIT KERBEMB S HNTA

OR
(o N

OR
[ N

0 | | | ) 0 | | | )

0 1 2 3 4 0 1 2 3 4
FRE®(UCd)/(ug-g?) FR®(UCd)/(ng-g?)
4 Prondinearity association=0-003 4 4 [D]  Proninearty sssocstion=0-363 1
Poverallassociation 0-001 Plameesmaimm 241
3 3
S 2 S 2
1 1|
% 1 2 3 4 % 1 2 3 4

FRER(UCd)/(ng-g™) FREB(UCA)/(ng-g™)

CE] AT EAFERMMER ; AR AERRNT R, BRFEEDREE
Xi&l, A. R N- 2Bt -p-D- REEEEE S, B. RHEBEH, C./R
BAEKRAF -1, 0. B/NKIRTE,

[Note] Adjusting for age and gender; red dots are knots in the model, and
the shadow is confidence intervals. A. UNAG, B. UALB, C. TGF-f1,
D.eGFR.

Bl ETFREMIISHEFERSINKTS UNAG (A).
UNAB (B). TGF-B1 (C) #1eGFR (D) %%
Figure 1 Relationships of urinary cadmium with UNAG (A),
UNAB (B), TGF-B1 (C), and eGFR (D) by restricted cubic spline model
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