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Effect of Bone Demineralization and Tibia Lead on Blood Lead in Retired L ead Workers
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This study was designed to investigate the effect of bone
deminerdization and tibia lead on blood lead in retired lead
workers. Two hundred thirty five(126 femdes and 109 males)
retired |lead workers who worked in 4 different lead factories
and 101 non-occupationdly lead exposed subjectg(51 femaes
and 51 males) were recruited from March 2004 to October
2004.

Bone mineral density(BMD) was measured at |eft
calcaneous bone area by broadband ultrasound
atenuation(BUA) method with QUS-2(Metra Biosystems Inc,
USA). The BUA vaue transformed into T-score by WHO
sandard converson criteria Tibia bone leed was measured for
skeletal bone lead with K-xray fluorescence(K-XRF) and blood
lead was andlyzed with flameless atomic spectrophotometer.
Hemoglobin, hematocrit, serum calcium and iron were dso
andyzed. In addition, information for smoking and drinking
datus and basic persond data such as age, gender and lead
exposure were dso collected using questionnareinquiry.

Blood lead was correlated with tibialeed (r=0.664) and these
two varisbleswere negatively corrdated with BMD in bivariate
andyss. BMD showed significant main effect on the change of
blood lead independent to tibia lead without any effect
modification of age or gender; the one T-score unit decrease of
minerd bone density made 0.431g/d? increase of blood lead.
On the other hand, tibia lead showed effect modification with
gender on blood leed; the dope of tibia lead on blood lead in
méae was Seeper than in femae and crossed a around zero of
tibialead. In the multiple regresson andysis of blood leed and
tibialeed on BMD dfter adjusment of related covariates, only
blood leed showed Sdtidticdly sgnificant effect on BMD. This
sudy confirmed thet BMD and blood lead were significantly
asodiaed. To verify the causd association of BMD on blood
lead and vice versa, further longitudina studiesare nesded.

Key Words : BMD, tibialead, blood lead, retired |ead workers
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Table 2. Correlation matrix of study variables
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Age T-score Ca Fe Bllgaodd ng Hemoglobin  Hematocrit
T-score —-0.410"
Ca —0.085 —0.008
Fe —0.055 0.023 —0.002
Blood lead 0.203" —0.152" —0.024 0.107
Tibialead 0.329" —0.187" 0.018 0.001 0.664
Hemoglobin ~ —0.407" 0.262" 0.232" 0.384" 0.061 —0.063
Hematocrit -0.363" 0.239" 0.247" 0.321" 0.060 —0.034 0.955"
BMI 0.079 0.112 0.016 -0.137 —0.096 —0.075 —0.106 —0.097

BMI: Body mass index, “p-value < 0.01, ‘p-value <0.05

Table 3. Multiple linear regression analysis of tibia lead on blood lead after adjustment of covariates

Variable B coefficient SER p-Value Model r?
Model 1

intercept 0.0188 5.6856 0.99 0.058
Age, years 0.059 0.0304 0.05

Female —2.4295 0.8006 0.00

T-score -0.4315 0.1842 0.02

Body massindex, kg/m’ 0.0192 0.0786 0.80

smoking 1.1782 0.7400 0.11

Drinking 0.6439 0.5202 0.20

Lead exposed 3.4370 0.5238 <0.01

Tibialead, 1g Pb/g bone mineral 0.1887 0.0145 <0.01

Model 2

intercept -1.7399 5.5916 0.66 0.59
Age, years 0.0424 0.0301 0.16

Female 0.7494 0.9018 0.41

score —0.4829 0.1810 <0.01

Body massindex, kg/m’ 0.0363 0.0772 0.64

smoking 1.1746 0.7253 0.11

Drinking 0.7618 0.4930 0.12

Lead exposed 3.4075 0.5134 <0.01

Tibialead, g Pb/g bone mineral 0.2467 0.0175 <0.01

Female X Tibialead, 1g Pb/g bone minera —-0.0967 0.0256 <0.01
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AN e E 49} Pk B 49) B 18 WEYRS BME T uAER] Eafa fiyite] 2246 377k FH ) 1
2 5E 2 AT BWsg 781 2 304 o] B AU FxAol] 2AHAY g FxA o) Apg) A
5 S5 ol 23|95 At dF et 29t & 240 WA 07 QI 224 0] F24 (resrption) ©
o3 ggko) 99l W AT Golst Aol i), = <ld) U] o w 83Eo] o] 2712 JlAe
w305 Tl b2 WSS gko] wEAgo] £5ME ThHu %, 1996). ANKISS] A9 F2A 0] Yeke ujn]s)
o o84S ARG o B ReeA folst wEsd o 8% Jeke] glRrL 7] F9| golu} $4) Zo] 9l
go] ik ol vk 3A A o S5} Bokd 2RASS A9 ¢
wEQ0l0]9)o] Ao FxA o 2RE ] W 457 9%

A e 000 AL 8% HeEerlel 7]of stk 1o

Iv. %t o] W= 82 ko] Z7H= 1) @45 (Campbel 5,

004). 8% G 4G Ealo] ofe] RAYI|E o) F3o]

Al ¢ w2 dalo] A B FF BPHARLE =249 Ueh)y] gie] dFdeke] Z7h 14479
o w0 Fu Fof| T Wik AU o] Polog  E=xg ukg o] ez o otelA otk e YEES
A £E80) upet AG7IHEC AAQIERT 2 P2 Avksks 7P WRA0) AXRA FF go] 7P wo] 24
TS FAGE A7 L o2 Qg FAH ARl A ww glont FFke] A utr] 0 o)A 45 Tol

F38t}(Aeming 5, 1997; Hu, 1998). > Alule]l Eojow o 7] voll #HZe W ieEE A ke 0] i e

Table 4. Multiple linear regression analysis of lead exposure indices on mineral bone density(T-score) after
adjustment of covariates

Variable 3 coefficient SE B p-Value Model r*
Model1
[ntercept —0.2819 17216 0.87 0.29
Age, years —0.0283 0.0088 <0.01
Female 1.2279 0.2331 <0.01
Body massindex, kg/m' 0.0917 0.0229 <0.01
Smoking —-0.1729 0.2213 0.44
Drinking 0.16%4 0.1503 0.26
Lead exposed —0.0535 0.1666 0.75
Blood lead, pg/d{ —0.0344 0.0134
Model2
Intercept —0.1339 1.7401 0.94 0.28
Age, years —0.0319 0.0090 <0.01
Female 1.1537 0.2328 <0.01
Body massindex, kg/m' 0.0933 0.0231 <0.01
Smoking —0.2138 0.2229 0.34
Drinking 0.1469 0.1512 0.33
Lead exposed —0.1933 0.1576 0.22
Tibialead, g Pb/g bone mineral —0.0050 0.0044 0.01
Model3
Intercept —0.2250 1.7286 0.29 0.29
Age, years —0.0291 0.0090 <0.01
Female 1.2284 0.2334 <0.01
Body massindex, kg/m’ 0.0925 0.0230 <0.01
Smoking —0.1647 0.2223 0.46
Drinking 0.16%4 0.1504 0.26
Lead exposed —0.0571 0.1670 0.73
Blood lead, pg/d{ —0.0387 0.0165 0.02

Tibialead, (g Pb/g bone mineral 0.0024 0.0054 0.66
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A ] dlow Agehs 224 Yo g2 =1
2] ] thatabrd el whet A g3t o] o 7 SEHT) o
O % §3u = FE A4 9] B4 ujet debA A=
e gA- o 4o 9l 2 w7 10-30d A
Z ol AAE] o7 SEHE b, SUlEoIY T

& WE717F v A grobA
2 7ol Fdolulel] FAE ko] gk o] o] o &
ZHth(Rabinowitz, 1991). 12} Aluie] Aeldel AEg A
7 Jehd A ddor S5 Fo| Sk s
A2 Zzo|ut Vitamin D -5 4 7|E} RS, o
) A} 7 T2 a3t whE FU I A stel| o] s
FrHEE So] AgAel AEF A Yelo 7 AdA gtk
(Slbergeld 5, 1988; Nash 5, 2004). FU = Ash= g9 =
Zhofl wh2 A A #4o] Al i E sl mE FU L
AstE At a2t 7k vl 3eRA ot
=23 FATA G sttolth(F Y 5, 2005 71RE T,
2005, 94 5, 2004; 53] 5, 2002, SEfSh 5, 1999).
42 28%2] collagen A3 +5-2 5%2] noncollagenous 3+
(ostencalain, osteonectine £]), 67%2] hydroxyapatite®] 24E
2 7735 9loH, clagen®] =7H S @A sh=d] Holst
= T2 AN EE ZolA| Z (odeoblag) S0t} )5 ZolA|E
O] A7} kol = ofg] A7gRIAke} T2 EF0] Fhofsto]
Asd E Ths7] fsto] Al A ES sk ]

=

1N o

in
lo rlr

il

3} i}, o] Aol oA w o] F7)5lahg oflA Zhrt
Al go] 718 3o Frolste] ZxA e &2 At
(Rebinowitz, 1991). ¥} oll= o] &4 ol 4] =W vl 1
A e A2 ZGua 3240 AL ARA FAT
o} il MA3] G55 7] wjFof] ZxA ] EAfsh= 1 A
= =540 AL FAA HA oy o]F FEAY T
ool 229 o] A XS Wallste] F 3gE
ABFER ZxAof| EAsk= gol 1 o] Falst Ao] of
207 dH A (Hu &, 1998).

AAA o7 o] wEH o LEAEY] 3R A9
A 25T e 35718 T8 E s o] A
Yol 4% M) oA §5% ol FAAA dFH=
9 & AT} Coke 5, 199). W] H A FEAES

B840 o w2 vjn|e 3HH £ 7 Wl A Hd
ol ThA] @0 & e Fo] tjiie] dFgeEo s 74
o} Qth(Hu 5, 1998). Schutz 5-(1987)-& 274 2] & 24}
o} oo B4 i ZEAES OR 3 Al AT
o) ek} d3deale] A S AR A4 224}
59 AR 04491 wH B4 22 AE-2- A 096
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A 71Q18Hs R sk}, Seluet W 224k 8018 7 i
TIBHF & QY OE s Fomdro e d4 ¥ 22
o] Azt dFERie] Ak r=04224 Shuz 5
(1987) 9] Ax}e} v]SslQiT) 2 Aol M E oA} 7ke] Ak
o] r=066°.% YERA dAZEARE9] AR = U
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Fig. 1. Plot of model assessing effect modification by sex on the association of tibia lead and blood lead.
Regression lines, generated using mean vaues of covariates in the modd [age, body mass index, minerd bone density(T-score), lead exposure,
smoking and dcohol usg), are overlaid on crude data. The solid line represents the adjusted relation of tibialead on blood leed in mae subjecty(+);
the deshed regresson line represents the adjusted relation of tibialead on blood leed in female subjects(*).
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