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Effect of increased blood and tibia lead on the change
of bone mineral density in retired male lead workers
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Indtitute of Environmental and Occupational Medicine, Soonchunhyang University, Asan, Korea
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*Department of Community and Preventive Medicine, Mount Snai Schodl of Medicine, New York, USA

This study was designed to investigate the effect of incressed
blood and tibia lead on the change of bone minerd density in
retired male lead workers. One hundred nine retired male leed
workers who worked in 4 different leed indudtries and 51 non-
occupationaly leed exposed male subjects were recruited from
March 2004 to October 2004.

Bone minerd density(BMD) was measured by broadband
ultrasound atenuation(BUA) &t Ieft cacaneous bone area with
broadband ultrasound attenuation method of QUS-2(Metra
Biosystems Inc, USA). Tibia bone lead was measured for
skeletd bone lead with K-xray fluorescence(K-XRF) and blood
lead was analyzed with flameless atomic spectrophotometer.
Hemoaglobin, hematocrit, serum cacium and iron were dso
andyzed. In addition, information for smoking and drinking
status and basic persond data such as age and lead exposure
were aso collected using questionnareinquiry.

Blood lead was correlated with tibialead (r=0.711) and these
two variables were negatively corrdlated with BUA in bivariate
andyss BUA and tibialead showed Sgnificant main effectson
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the change of blood lead after adjusting covariates The effect
modification by the levd of BMD (low: lower then the median
of BUA and high: higher than the median of BUA) was
observed between the assodiation of tibia leed and blood leed
after adjusment of covariates. The subjects who had higher
BMD ssemed to have lower blood leed by the increese of tibia
leed than those of lower BMD.

In the multiple regression andysis of blood lead and tibia
lead on BUA dfter adjusment of covariates, only blood leed
showed satigticaly sgnificant effect on BUA.

This study confirmed that BMD and blood lead were
significantly associated. To verify the causd associaion of
BMD on blood leed and vice versa, further longituding studies
arenesded.

KeyWords:  BMD, BUA, tibialeed, blood Lead, retired Leed
Workers
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Aol S0t w2 tiAbg & S8k 20 s o2 wid
=3 Aol Holgli=del 90-95%i = el A5 o] 7]
ol AAA MAs] by Mol S48 g2 4=
- A7 17E 200 ol Hof @ 7l 713t wqk o] S5 2}
gl ofell Al Y0 Lh2tHHU 5, 1995). W&o H

Hl 24 Y AFE = EA s G A QLA Mo Hol
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T AT EL gol A4 ZH L Y FAY A 2
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S HeRf = 2 o2 g5 tHSun 5, 2008).
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&0 o] A o2 o] Wo] N0 7 oA 5285
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; ¥ 5, 2004; Olszynski 5, 2004,
Mckay -5, 2000; Munger 5, 1999; Barzd 5, 1998). T-oF W}
FHEF 22 AR AL = 240 9FS T
7159 gl aclelele] F7A 05 Pilg 7hAoF Hrhal
H 8k} 9l t(Potula 5+, 2006, Kazantzis, 2004, Berglund 5,
2000). wheba] A A 072 S mA B AT w5
A AakEoIu EAEZ AR st & Y% 7] )
st A= B F g8t
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IAY A o el 3 BT Y FTHY TP U gl viAl= 9 2

wFF ARl 2 H A e A 1009 3
= A4H o R AetA] ke BT EA 51, 5 1607
= APAeR sl 14 W SR2A 52 ) FHAA
Z3FAM TH AL TEAZOINL, Ha AEA o
Hars A o 2EAS SR A9 de AH
At 2RARE S AT A7k 2004 38 E
20041 109 744 Stk
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B Qe U3 s A2 9 A3 (RB)S] 59
2 wskow, A7l 1609] thatel A ol 9
FOA 9] g 9 # F Helo] AT Pol 2 9 7
SO B E e F Ao FoloheF sheir.

CEAREE gy A5, 844, 378 AAE
489, s A4 Z = BUA(broadband
ultrasound attenuation), &7 &) 253} FE-& S45130H,
FUE FFo W2 WHO 7|+ 93 33
(Osteoporosis)?} =7+45-(Osteopenia) @] 8 &= 75171 ¢
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d A A9, 57 2 FAoE 52 2t A
A& o] &ato] A A} NE WO R gRlatglon, Al
g1 A%l ©] %+ BMI(body massindex) = -1t

A= 574 924

A G Y o] E o] 88 K-shell XRF(x-ray
fluoresoence) & ©]4-31%1 tH(Todd & Chettle, 1994, Todd 5,
199). 74 = Fooll AMY 591 a ) Cd®ol| A 1= 7mt
A& 3087 AbeE F 24 U9 W A7t o 7)1 A
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Table 1. Descriptions of the study subjects

. Lead exposed sulgjects (n=109) Contral (n=51)
Charadteridic . .
Meen SD. Ranggmin-max) Meen SD. Ranggmin-max)

Age years 47.06 1030 25.00-67.00 429 919 29.00-68.00
Boneminerd densty, BUA? 9269 17.17 58.37-130.04 084 1533 582514393
Serum cadum, mg/d{ 897 039 7.90-1000 899 038 8109.70
Sarumiron, 12g/dl 11649 50.37 24.00-302.00 1514 47.9% 21.00-250.00
Blood leed, 1ig/dl 11.36 6.67 240-29.70 437 159 160-8.70
Tibialeed, #gPo/g bone minerd 1928 1796 -6.00-87.00 718 868 -14.00-2300
Hemoglobin, g/d¢ 1440 132 7.30-16.70 14.38 103 11.90-16.90
Hemeatocrit, % 484 368 31.00-55.00 4449 315 37.00-53.00
Body massindex, kg/m' 24.03 2.89 1844-31.71 24.28 293 1859-31.49
Job duration, years 1010 720 100-35.00 -
Elgpsed time from retirement, years 430 320 0.00-15.00 -
Ogeopenic (T-soore<-1.0)

lessthan 45 years, n(%) 4(9.0) 0(0.0)

4554 years n(%) 11(324) 2(105)

morethan 55 years, n(%o) 7(226) 1(20.0)

Totd, n(%) 2(202) 3(59
Smoking datus

Current, n (%) 21(193) 15(204)

Never & Ex, n (%) 88(80.7) 36(70.6)
Drinking satus

Current, n (%) 87(79.8) 44(86.3)

Never & Ex, n (%) 2(202) 7(137)
" Broadband ultrasound attenuation (dB/MHz)
HA2eAEe F0a% $HE0 fUe) £om 46 Ug-S ¥ 39 2ok mstgol Qi FITRAIN 8%
A ofat Tl A=t A = wrtAaTe l%i?itdﬂ ] woll 2o Y& UEbd B e 494 o gl el =
AZZANNE 0197 BRAFITE 1854 ol UE(BUA) D A F ol grh(E 3R 19} 2)
ol A= oF e i E) 2t 7h il Aadd TUE Wt 7lea i 1] a5 A

ATHFE M Ao wEdA S B9l sto] A s o] Yehh=AE ¢ %}71 floto] & ArdAEe] =4

ARG A 2o gk BB A FP AR HEUA FFE VIFOR S50 $2 1R F9)
07UE frold o] Y 0ov], o]F FHE UL 5 olFRIFS 00 Lhr 0hs F 7ol 3 n5 A4 2
(BUA)S} #0138k 2] o] Qlolth AR 2 A WsE 5 Qet7] flate] T3]7wA Belle] neahg &= F7ksto
AT} AAFAFBMIE Xﬂl&’M BE W o A e T el Aa (bl wEAgol #o5tA vek
ol glo, dHEH s A Y E7E4A SRCHEE 39 B2E 3). Ol S ] S E el weE =5
G} o] g kS e @%—?ﬂA WAE 19 o ® vehld 19 13} v 21

AT A oA doj7l 2t s 1He] A S 1Y He A @w‘rﬂ e o AR WRHHTE
3te] o] 5 HAMSES ATHSE SAS L 494 & & B ne g el tigt d3 e 3714 %‘QE
Fol, A Ft FUEA el e S Bk of b ubehlgich B SRR U S5



Table 2. Correlation matrix of the study variables

219 418 o 1 E] 98 BN D BFH SPHY TU s v 3T B

Age BUA SaumCa SaumFe Tibialead Bloodlead  Hemoglobin  Hemaoarit

BUAY -0.198*

SeumCa -0.203** 0.069

SaumFe 0102 0142 0.003

Tibialead 0.396** 0138 -0.087 0018

Blood leed 0.383** 0.274** -0.103 0140 0.721**

Hemoglobin ~ -0.228** 0033 0.289** 0171* -0.109 0010

Hematocrit 0173 0034 0.301** 0086 -0.083 -0.003 0.910**
BMI? -0.088 0147 00%4 0.176** -0.145 0133 0.194 0.207**

" Broadband ultrasound attenuation ? BMI: Body mass index, *#: p < 0.01, *: p < 0.05
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Asta Qloy FEE o R 3t FH ] FHEN AL E
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Table 3. Multiple linear regression analysis of tibia lead on blood lead after adjustment of covariates

(serum calcium, bmi, smoking and drinking status)

Modd r?
B coefficient SEpB pvadue
(p-value)

Modd 1

Intercept -0.8357 11.3229 09413 0.38(<0.01)

Age years 0.1743 0.0443 0.0001

BUAY 18727 0.8652 0.0320

Lead exposed (yes 1, no:0) 5.7562 0.9246 0.0001
Modd 2

Intercept 1.7827 89152 0.8418 062 (<0.02)

Age years 006 0.0369 0.1317

NBUA? (higher than median; 1, lower than median; 0) 14057 0.6826 0.0412

Lead exposad (yes 1, no:0) 37013 0.7578 0.0001

Tibialead, 1:gPo/g bone minerd 0.2191 0.0226 0.0001
Modd 3

Intercept 33911 86722 06963 064 (<0.02)

Age years 0.0668 0.036 0.0659

NBUA? (higher than median; 1, lower than median; 0) -0.666 0.9291 04746

Lead exposad (yes 1, no:0) 38749 0.73719 0.0001

Tibialeed, 1gP/g boneminerd 01208 00379 0.0017

Boneminerd dengty, BUA 01383 00435 0.0018

X Tibialeed, 1gP/g boneminerd
Modd 3

Intercept 19071 9.2676 08372 0.62(<0.01)

Age years 0.0544 0.0481 0.25%

NBUA? (higher than median; 1, lower than median; 0) 14063 0.685 00418

Lead exposad (yes 1, no:0) 37018 0.7604 0.0001

Tibialeed, :gPo/g bone minerd 02133 0.1163 0.0687

AgeX Tibialead, 1:gPo/g bone minerd 0.0001 0.0022 0.9591
" Broadband ultrasound attenuation (dB/MHz)
2 Dichomatous grouping of broadband ultrasound attenuation (dB/MHz)
=g =249 E”Oﬂ = S R e s e B As skt Holohe = AAEE TIAE S0,
o Z450] i she W00 YRR ofF AN Ol RHALA Y3 Wl ofe] YA e
slgdelow %%ﬂ t Ahd, Sl sy Fa 3t ol A5 =o| Fojsto] A<sH WS vhE7] fleto] xe =S
ol S0} I W Wbl A grobd BN sk 15 e el Alulel Bobd mle) 7]k}
ol £ 9kl ko bo] Aelow BEAG ol ZaruhAl o] )31 3ol Holafol 2 27 el
(Rebinowitz, 1991). & %2 28%2] collagen 4153 5% %2 ¥l tHRabinowitz, 1991). 71 of| 3= o] & %2 o]l %4
noncollagenous A -5 (osteocalcin, osteonectine 2]), 67%2] v w4 o H A2 At 2229 AR
hydroxyepetite®] 274 =5 /3% o] 31°H, collagen®] = 3t A FAE o] M MM GE57] Bl & 4o A8}
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Fig. 1. Plot of model assessing effect modification by level of BMD on the association of tibia lead and blood
lead. (Regression lines, generated using mean values of covariates in the model (age, body mass index, lead
exposure, smoking and alcohol use), are overlaid on crude data. The solid line represents the adjusted relation
of tibia lead on blood lead in male subjects of low BMD(+); the dashed regression line represents the adjusted
relation of tibia lead on blood lead in male subjects of high BMD(x).]

Table 4. Multiple linear regression analysis of lead exposure indices on mineral bone density(BUA) after

adjustment of covariates(serum calcium, bmi, smoking and drinking status)

o Modd r?
B coefficient SEpB pvaue (pvao
Modd 1
Intercept 932829 358083 00101 009(0.03)
Age years -0.2623 01382 0.05%
Lead exposed (yes 1, no:0) -55143 28771 00571
Modd 2
Intercept 93.0379 355281 0.0097 0.11(0.02)
Age years 01739 0.1452 0.2327
Lead exposed (yes 1, no:0) -26776 32401 0409
Blood leed, 11g/d{ -04639 0.2507 0.0662
Modd 3
Intercept 93.2258 359409 00104 0.09(0.05)
Age years -0.25% 0.1476 0.0806
Lead exposed (yes 1, no:0) -54662 3019 00723
Tibialead, gP/g boneminerd -0.0049 0.0907 0.9568
Modd 4
Intercept 94.7482 354365 0.0083 012(0.01)
Age years -0.2103 0.147 0.1546
Lead exposed (yes 1, no:0) 25437 32312 04324
Blood lead, pg/d{ 07421 0319 00213
Tibialead, 1:gPo/g bone minerd 0.1601 01141 0.1627
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I A= 590] AL FAIA] HA] ¢kgkont o] % &
Soto] ZA 0 o] ZAAEAYA S e ste]

AR R & 4o EAlsh= gol g o] 53
20 5 A FHHU 5, 1999).

i Aol M= 5ol EdEe] TS B
% THPotula -, 2006; Campbell 2} Auinger, 2007). &+ ¢3--0f| A]
=45 ool w5 F 24 vlEo] folshA St
sFglon, 53] oAolx] EF | F0] 90 HANERY o4
(>5ug/de)Ql 7o) 1 o] 9] ¢] 3} H] wake] 10.38% U =%
CHPotula s, 2006). It th& ol A= U EFol A dad
2o] Z7tol whet Ho TSI skl on, Aol &
Sgdo] 0ug/dee]’dQl 1F0] 0~10ug/ded] 1K Tk S+t
U7} YA Wk, @3 Svhes S 1t
o 23t 2lo] = BTk wbd ] 3pug/deoldt IES S
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