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The associations between bone mineral density and urinary cadmium as well as urinary
lead on farmers lived in a non-polluted rural area
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Abstract; Objective To study the associations between bone mineral density (BMD) and urinary cadmium as well as
urinary lead on farmers lived in a non-polluted area of Kaiping, Guangdong Province, China. Methods 283 local healthy
residents were investigated who lived in rural Kaiping for more than 15 years, aged 30-80, and mainly lived on local rice
and vegetables. Blood and urine specimens were collected for detection of urinary cadmium, lead, phosphorus and calcium
by ICP-MS and corrected by urinary creatinine. Furthermore, the bone mineral density ( BMD) of far end of the left
forearm was determined by Dual Energy X-ray Absorptionmetry ( DTX-200) , the values of BMD were Z scored. One-way
ANOVA, chi-square and the multivariate regression analysis were used to investigate the relationship between BMD and
urinary cadmium as well as urinary lead. Results  Spearman correlation analysis showed that there was a positive
correlation between BMD and U-Cd in both males and females, and the correlation coefficients were —0.21 and - 0. 22
respectively. No correlation was observed between BMD and U-Pb in both males and females. For males, the BMDs were
different under five different U-Cd levels, however, the proportion of each T-SD levels were similar. For females, the

BMDs under different U-Cd levels were the same, otherwise, the proportion of each T-SD levels were distinct. With
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increment of U-Cd level, the proportion of osteopenia and osteoprosis increased, the correlation coefficient was 0.22.

Multivariate regression analysis implied that the BMD was associated with age and weight for females and with age and BMI

for males. Conclusion

There were simple correlations between BMD and U-Cd, however, no linear relationship was

observed. Further study is needed to understand the effects of cadmium and lead exposure to bone mineral density for

population lived in non-polluted area.
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Table 1 The fundamental state of different genders’ various indexes
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N HEARAE AL
AR () 56.21 £8.79 59.73 £9.29 3.27 <0.001
B35 (em)® 152.56 5. 35 161.83 7. 08 12. 61 <0.001 **
R (kg)® 53.28 £9. 16 57.29 £9.47 3.60 <0.001
BMI* 22.85 +3.54 21.93 £3.72 2.14 0.033 "
R >3 450 IR/ AN AR (% ) © 0/100 84.30/15.7 216.20 <0.001 "
7% 5% VE 4R bR
U-Cd( pg/g. Cr)" 1.84(0.78 ~4.83) 1.55(0.57 ~3.87) 2.66 0.008 **
U-Pb(pg/g. Cr)" 4.86(2.22 ~14.34) 4.77(1.75 ~13.80) 0.93 0.354
U-P(mg/g. Cr)" 772.90(391.98 ~1275.76)  681.84(334.22 ~1 077.51) 2.58 0.010"
U-Ca(mg/g. Cr)" 202.01(41.92 ~538.39) 141.93(36.90 ~403.09) 4.52 <0.001 ™
B-P(mg/L)" 471.40(395.78 ~599.24) 511.26(397.73 ~621.64) 3.99 <0.001 "
B-Ca(mg/L)" 63. 74 (45. 06 ~79.58) 58.41(42.19 ~76.20) 4.17 <0.001 **
8 A O
BMD(g/cm?)* 0.38 £0. 08 0.47 £0. 08 9.19 <0.001 "
B -2.5<T-SD< -1.0(% ) 42.4 57.0 5.98 0.015"
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T a R IES ARG HREORHIR Ty v = s, 5 40 LU I o5

b FoRARIE &S5 A AR o BRI IR Ty - A B (PS ~ P9S) B 4 1Lk, Hogtit it 75

e FR RO, JERORHE A
* Fen P <0.05, xxF /R P<0.01,
2.2 BRIV R ER G DL S F R B A OGP A
5 AN W N o T N EI R G DN I R S
Fe Pt bR U-Cd \U-Pb KB A G R U-P U-Ca,
B-P B-Ca 5 M % L MM E KR, 45 R LA Spearman
BRARC R BN @R B BHEMLEIRES
BMD £ 6 A 5%, HAH ¢ & Boar Bl o - 0.21 A
= 0. 22 FCAH e LB 22 S BoA et o 8 3 B PR
Ve TS BMD RGO C, H ARG e 22 T

9 A H AN RV AL R R e R

Giitar i Lo B Lo BMD 2 5 4 18 5 7 A0 56,
5 kA BMI 5 0E 156, otk BMD iR 5 5 & 2 1E
AH G, 5 PR HE T A9 45 v B &2 AE G, 53 M BMD
55 A > 5 R DL AE DG
2.3 PHAXTRIRER R T 5 R O B
i 3.4 FIE 2 JF 7w, 40 B 53 v Lo v A
e S ONHE PR L PR BTV FE 19 27 20,40 .60 F11 80 7
433 (P20, PAO (P60 P8O ) ¥ i 4r hy 5 A~ %5 9, IR



B AR B B PR AR A KO 5 H A R OC R

—295—

#2 BUESLMEIRE HRARES B KT 515 % B Spearman FAHOC 53 H7
Table 2 Spearman correlation analysis of male and female urinary cadmium, urinary lead, calcium, phosphorus and bone mineral
g Z itk BMD 5; A B NES BMI U-p U-Ca U-Cd U-Pb B-P B-Ca
BMD -0.69™ 0.22™ 0.34™ -0.26™ -0.12 -0.17° -0.22" -0.05 -0.01 -0.04
T WA -0.02
AR -0.57™ 0.07 -0.24™ -0.14 -0.02 0.17" 0.18" 0.17" 0.19~ 0.11 0.03
B 0.15 -0.13 -0.35™ 0.44 ™" 0.10 -0.04 0.02 -0.13 0. 05 -0.09 0.08
R 0.37* 0.06  -0.40" 0.44* 0.91" -0.15 =-0.13  -0.14 0.02 0.09  -0.04
BMI 0.33™ 0.04 -0.27" -0.06 0.82 " -0.13 -0.14 -0.12 0. 00 0.17" -0.10
U-p -0.01 0.27" -0.10 -0.00 -0.03 -0.03 0.43™ 0.14 0.32" -0.13 0.07
U-Ca -0.01 0.14 -0.09 0.07 0. 04 0.01 0.24 ™" 0.18" 0.29™ 0.00 0. 00
U-Cd -0.21" 0.287° 0.30™ -0.22" -0.28" -0.24" 0.23* 0.16 0.257 0.19" -0.15
U-Pb -0.12 0.23 ™ 0.21* -0.12 -0.19" -0.16 0.18 0.18 0.33 ™ -0.01 -0.01
B-P 0.15 0.15 -0.07 -0.08 0.08 0.11 0.10 0.03 -0.03 0.01 -0.47™
B-Ca -0.02 -0.18 -0.02 0.29 " 0.11 0.01 -0.14 -0.23" -0.22" -0.09 -0.56"
Ho# Fom P<0.05, =+ R P<0.01,
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Figure 1  The interrelation between different genders’ urinary cadmium, urinary lead and bone mineral
F 3 AR A TR AR A K F T B (g/em®) S04
Table 3 The analysis of bone mineral under the levels of different genders’ urinary cadmium and urinary lead
. 7 ER A
A " HEE (v 2 o) " R (5 20)
PR35 2% 1*(DL ~1.15 pg/g. Cr) 25 0.42 +0.07 33 0.49 +0.08
2""(1.15~ug/g. Cr) 34 0.40 +0. 06 22 0.48 +0. 07
3"(1.49 ~pg/g. Cr) 31 0.38 +0. 09 26 0.46 +0. 07
4™(2.00 ~ wne/g. Cr) 33 0.37 +0. 09 23 0.49 +0. 09
5" (2.58 ~ ng/g. Cr) 40 0.36 +0. 09 16 0.42 +0.06" %
At 163 0.38 +0. 08 120 0.47 £0. 08
PR o3 4 1" (DL ~2.89 pg/g. Cr) 31 0.40 £0.08 26 0.48 0. 08
2" (2.89 ~ neg/g. Cr) 33 0.39 +0. 09 24 0.47 +0. 08
3(3.98 ~ weg/g. Cr) 32 0.36 +0. 08 26 0.47 +0. 07
4" (5.48 ~ pg/g. Cr) 31 0.39 0. 08 24 0.47 £0. 09
5"(7.79 ~ pg/g. Cr) 36 0.38 +0. 08 20 0.46 +0. 08
aan 163 0.38 £0.08 120 0.47 £0.08
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Table 4 The interrelation between the levels of different genders’ urinary cadmium and urinary and bone abnormality rat

Z Pikd
=) JL 7. _ . 2 _ " Q Q
JRE K- . rSh> 1 2.5<T-SD T-SD . rSh> 1 2.5<T-SD T-SD
< -1 < -=2.5 < -1 < =2.5
REASTS 17 (DL~1.15 pg/g. Cr) 25 18(72.00) 7(28.00) 0(0.00) 33 14(42.42) 18(54.55) 1(3.03)
2" (1.15 ~ pg/g. Cr) 34 24(70.59) 9(26.47) 1(2.94) 22 10(45.45) 12(54.55) 0(0.00)
3(1.49 ~ pg/g. Cr) 31 12(38.71)  18(58.06) 1(3.23) 26 9(34.62) 17(65.38) 0(0.00)
4"(2.00 ~ pg/g. Cr) 33 16(48.48)  13(39.39) 4(12.12) 23 11(47.83) 10(43.48) 2(8.70)
5"(2.58 ~ ug/g. Cr) 40 17(42.50)  22(55.00) 1(2.50) 16 4(25.00) 11(68.75) 1(6.25)
A1t 163 67(41.10)  69(42.33) 7(4.29) 120 48(40.00) 68(56.67)  4(3.33)
Pearson y° 18.73* P=0.016 7.17 P=0.519
Rk 7.86 P =0.005 1.13 P =0.287
EX TP Y ) 0.22* P =0.004 0.08 P =0.361
TRV 17 (DL ~2.89 pg/g. Cr) 31 18(58.06) 12(38.71) 1(3.23) 26 12(46.15) 13(50.00) 1(3.85)
2 (2.89 ~ pg/g. Cr) 33 18(54.55) 14(42.42) 1(3.03) 24 11(45.83) 12(50.00) 1(4.17)
37 (3.98 ~ pg/g. Cr) 32 14(43.75) 14(43.75) 4(12.50) 26 10(38.46) 16(61.54) 0(0.00)
4" (5.48 ~ pg/g. Cr) 31 18(58.06) 12(38.71) 1(3.23) 24 9(37.50) 14(58.33) 1(4.17)
5"(7.79 ~ ug/g. Cr) 36 19(52.78) 17(47.22) 0(0.00) 20 6(30.00) 13(65.00) 1(5.00)
Ait 163 67(41.10) 69(42.33) 7(4.29) 120 48(40.00) 68(56.67)  4(3.33)
Pearson y* 8.08 P=0.425 2.92 P =0.940
B 0. 00 P =0.994 1.33 P =0.250
EVPEYEN 0.01 P =0.905 0.11 P =0.237
H:x FRP<0.05, x5 P<0.01,
- PRI EE 5 R IRETRBE G
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Figure 2 The analysis of bone mineral under the levels of different genders’ urinary cadmium and urinary lead
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Table 5 The multivariate regression analysis of the factors of different genders’ bone mineral

A% ot A ks :
B 95% ClI P i B 95% CI P i

Constant 0.595 (0.505,0. 685) <0.001 0.625 (0.514,0.737) <0.001

R/ B ~0.006 ( =0.007, -0.005) <0.001 ~0.004 ( ~0.006, —0.003) <0.001

T ke 0. 002 (0.001,0. 003) <0.001

BMI/ (kg/m?) 0. 005 (0.002,0. 008) 0. 002

TR =0.473 RY,,, =0.374,

3 i

NBEATRG AT 3 B, 28 3% BR B v K 0 4
A BB ANAL B B B, 2 TR R
TR 5 % B0 HC 40 403 70 ik A L) 4 Bk e L
AFof , v 20 vt 2 i (AL Ok BR O T e 1) B
JURE B 3 [ 575 R0 A B 4 fik ol R TR T e
AEL F ] Jr 768 M X ) 4 SR V5 Y bR 0 A R T A
T 4 R A R AR BUE I, AR R4
5B R X R A AT A TE R

BRI, iy T 25 B 00 22 5, 4ok K N B A
Btr BB UM, (A5 B Cd ok,
e U-Cd 33 55 T 95 M. AHFIE & # A B 1 U-Cd
A3k 1.84(P5 ~ P95,0.78 ~4.83) A1 1.55(0.57 ~
3.87) pe/g. Cr, 2Pk 4R Wk BE 5 T 58 M, 4 o
P U-Pb 4351k 4. 86(2.22 ~14.34) f14.77(1.75 ~
13.80) pg/g. Cr, P % JR B e i LU 4% 25 53 T 45 it 2%
B Y. Spearman M X WoR, F MR Pk BMD 5
FRAEAVR B S B AT OG, FC A O R B - 0.21 Al
— 0. 22, 7 55 FRAS ) o AR 56V, 15 48 i 52 A G
R AT BMI S 0E A5G, 407k BMD i 5 5 @5 52 0F
5, 5 R bk i £ 45 vik B2 5 AR G, 5 P BMD
S S R WA, IF 2007 X R R, R
[l IR, B F 4ot BMD R[], 6 Z R4
T-SD 7K VA6 i e A W22 B T 4 P R ) R 0 B T
SD 7K VA e LU AN ] i 25 4t DR A 7K S B4, e ik
A FIE R B R BRI B B T, A R e R BCR
0.22, ZITIIEAMHT R 5 S PRI 15 Y X 55
I P 2 3 5 PR A BRI e B R L Tl G 2R

Y BRI 5 5 R PR B S g XN RE A R R
TR AT IR A L A BF 5T o B AR PR 3 e
DX, L2 H [ 77 Rk R 3 B 4 ok TR Y 30 ~
80 % ARE NV A0t 5, HERR T 8 R B 0 (LR
BF 2T ) TR R T 5 0 e A P 43 I 9
TS PR T AR B IR BMI I )
SRR E— B FEIR T M. A
R8I 2 T 98 25 6 52 0 YR PR W TR A LB K SE O
SR s RN E G &R, ALt U-Ca &

BMD fAAE ARG G &, HAH R R B - 0. 17 Bk

R E 5 R N A B (NHANES) &R
10 978 #4430 ~90 % AHf, 3R15 AN [F] B %% 2K F T IR
BRI BE R 0.55 ~ 1. 16 wg/g. Cr, A 7] bR 4 Ve JiE
IRV B U B AS Y OR (EIE R 1.49 ~
3.80"" ;3 i OSCAR %F 1 021 A A7 I 45 , 3515
BMD T F (1 5% i [ 22 PR 4R Wk B2 19 OR {E 3 [
112 ~3.27% , WHILA £H 408 i1 45 10 766 4 4F i
k50 ~59 % Hi A vk ARAS IR T L ECK 0. 52 pe/
g. Cr, JR4%5 BMD fy a1 19 &%k - 0. 0111 A fF
FEAE N R 40 W B2 = DAL A B A A R AR
M, AR AT LR U 5% 45

PATE A A R /2 BIF 5% Hi 30 R A W 2% 31 4 A% 2 R
GRS EEZ AL LR BRAN
FNFEHERR T A B A% IR (0 i T8 b
ABGIECARXS 5, NHE U-Cd A U-Ph K- 85 52 5
BN SR B, BRI O X T B 5 AIG AR R R AR R N B
B RN AR B B0 1 06 RIE T E S — A

S 3k

[ 1] LarsJ,Agneta K. Current status of cadmium as an environmental
health problem[ J]. Toxicology and Applied Pharmacology,2009 ,
238(2009) :201-208.

[ 2] Kjellstrom T. Mechanism and epidemiology of bone effects of
cadmium [ M ]. Cadmium in the Human Environment  Toxicity and
Carcinogenicity,1992,301-310.

[ 3] Nordberg G F. Application of the ° critical effect and critical
concentration’ concept to human risk assessment for cadmium
[J].TARC scientific publications,1992,118(1992) ;3-14.

[ 4] Kawano S,Nakagawa H, Okumura Y,et al. A mortality study of
patients with Itai-itai disease[ J]. Environmental Research,1986,
40(1) :98-102.

[ 5] Nakagawa H, Tabata M, Morikawa Y, et al. A study on the
survival rates for patients and suspected patients with [tai-itai
disease[ J]. Nihon Eiseigaku Zasshi,1990,44(6) :1059-1064.

[ 6] Schutte R, Nawrot T, Richart T, et al. Bone resorption and
environmental exposure to cadmium in women:; a population study
[J]. Environmental Health Perspectives,2008,116:777-783.

[7] WHO. Inorganic Lead[ M]. Geneva:World Health Organization ,1995.

[ 8] Staessen J, Lauwerys R, Buchet J, et al. Impairment of renal



—298—

A TR A
CHINESE JOURNAL OF FOOD HYGIENE

2013 427 25 B4 4 )

[9]

[10]

[11]

[12]

[15]

function with increasing blood lead concentrations in the general [16] Trzcinka-Ochocka M, Jakubowski M, Szymczak W, et al. The
population. The Cadmibel Study Group[ J]. New Engl J Med, effects of low environmental cadmium exposure on bone density
1992,327(3) :151-156. [J]. Environmental Research,2010,110(3)286-293.

Mahmoud A. Renal effects of environmental and occupational lead [17] Vahter M, Berglund M, Akesson A, et al. Metals and women s
exposure[ J ] . Environmental Health Perspectives,1997,105(9) : health[ J]. Environmental Research,2002,88(3) :145-155.
928-938. [18] JECFA, WHO food additives series; 64, saftey evaluation of
Jackson L. W, Cromer B A, Panneerselvamm A. Association certain food additives and contaminants. 2011. WHO Technical
between bone turnover, micronutrient intake, and blood lead Report Series No. 960 :381-497.

levels in pre- and postmenopausal women , NHANES 1999 —2002 [19] WU Q,Magnus J H, Hentz J G. Urinary cadmium, osteopenia,
[J]. Environmental Health Perspectives, 2010, 118 ( 11 ) and osteoporosis in the US population[ J]. Osteoporos Int,2010,
1590-1596. 21(8) :1449-1454.

Barry P S. A comparison of concentrations of lead in human [20] Jarup L,Alfvén T. Low level cadmium exposure, renal and bone
tissues[ J]. British journal of industrial medicine,1975,32(2) : effects-the OSCAR study[ J]. BioMetals, 2004, 17 505-509.
119-139. [21] Trzcinka-Ochocka M, Jakubowski M, Szymczak W, et al. The
Goyer R, Epstein S, Bhattacharyya M, et al. Environmental risk effects of low environmental cadmium exposure on bone density
factors for osteoporosis[ J]. Environmental Health Perspectives, [J]. Environmental Research,2010,110(3) :286-293.

1994 ,102(4) :390-394. [22] Horiguchi H,Oguma E,Sasaki S, et al. Environmental exposure to
WHO,IPCS. Environmental health criteria 134[ M ]. Cadmium,1992. cadmium at a level insufficient to induce renal tubular dysfunction
W, B ok B A, AF. Rl R S ICP-MS R 7E i b 4 does not affect bone density among female Japanese farmers[ ] ].
il b I b i S [T ). b AT € 2%, 2008,8 (8) Environmental Research,2005,97(1) : 83-92.

1439-1440. [23] Wallin E, Rylander L, Jonssson Bo A G, et al. Exposure to CB-

Kesson A, Bjellerup P, Lundh T, et al. Cadmium-induced effects
on bone in a population-based study of women[ J]. Environmental

Health Perspectives,2006,114(6) :830-834.

%

153 and p,p<DDE and bone mineral density and bone metabolism
markers in middle-aged and elderly men and women [ J].

Osteoporos Int,2005,16(12) :2085-2094.

Fl Bt R PR R K 5% B X 538 AME IR R R S 75 2R G052 T 1 BF 5

AR A A, Z AR, T
(BREGEZL2NRITFHEF S TABNGITHELEZRHE, L 100021)
H E.HM FAHBABXK(ITDHERSERARLAEZAO Y w, Hik XBHrA#B AR XAA
(TT51 48) EAMM 63 KA (AIK 63 M) F T XK KRM, &M K KE 60% dy bl E N AHETLEREHRA,
Wistar # A K SR 10 BB 47 B4, F AR XK TH A B HTLEERTN, HEFLELEN 40
ROy JRmpeey NK ZHaen 1888 AFFHRemBENLRE Rt R@IEAEMNAIKE L HKE
mp R, R MHempy b TTS1 A6y Th e T @bt 5 F 2 R KAWHEZFALTFEL(P<
0.01),8 M 63 4045 B Tl 5 T EXKARKEZFALTFEL(P<0.01) ;KT LEHKRE @IS
Ao TT51 2065 Th m skl 5w R R AWK £ F A 4T FEL(P<0.01); 2Bt thoh e X% R H £ 57
Rt FEL, IR HBUABXK(TIS) AFARERXA LR LAAARALR R A,
KB 4 BARKK; FREURR; LAER; HEAARD; AR %4
b E S ESR155;TS201. 6 M RkARIEAD A MERS:1004-8456(2013)04-0298-05

I 75 B #5 :2013-04-07
EeTE - #HEREYFRMIEFEALT(20122X08011001)

EEEN . BAkE 7

BHAEE:TH 3

EEHIT MRAFTOARSAEM K F F2F  E-mail:fengyongquan@ cfsa. net. cn
FARER MARFTMAERAEE L FHEF E-mail:yuzhou@ cfsa. net. cn



