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Abstract

Cadmium contamination in Mae Sot, Tak province had been discovered at higher
level than a safe guideline. This contamination increases a risk of Cd related disease,
especially, bone pathology. This study is applied research to determine bone disease risk
and to find out bone disease risk factors among Cd exposed inhabitants. Subjects whose age
>50 years old were selected. An exposed group was selected from inhabitants from Cd
polluted area with urinary Cd>5 ug/g Cr whereas a control group was selected from the
area >15 km far from polluted area with no report of Cd contamination. Urinary Cd was
quantified by Atomic Absorption Spectrophotometer, bone mass was determined using
Quantitative ~ Ultrasound  and Urinary ~ B,Microglobulin was  quantified by Enzyme

immunoassay.

A prevalence of permanent proximal tubular dysfunction (Urinary 3,Microglobulin
(B,MG) »1,000 pg/g Cr) was 43.669% in exposed men and 35.46% in exposed women
which were significantly higher than control group. This permanent proximal tubular
dysfunction was increased as U-Cd increased. An odds ratios of permanent proximal
tubular dysfunction in subject with U-Cd >10 ug/g Cr was 25.729 in men and 5.412 in

women compare to subject with U-Cd < 5 ug/g Cr.

A bone T-score was used to indicate osteoporosis risk in exposed group comparing
to control group. The result showed that exposed group has a probability of increase
osteoporosis risk 1.589 times in me and 1.207 times in women compare to control group.
When classify subject according to U-Cd level, a subject with U-Cd >10 pg/g Cr had an
increase osteoporosis risk 3.050 times in men and 2.144 times in women comparing to
subject with U=Cd < 5 pg/g Cr. An exposed group had a risk of osteoporosis more than

control group and cadmium is a risk factor.

Permanent proximal tubular dysfunction was a risk factor for bone pathology. The
subject with permanent proximal tubular dysfution had increase osteoporosis risk 3.080

times in men and 2.862 times in women compare to subject without proximal tubular



dysfunction. This evidence indicate a relation between permanent proximal tubular
dysfunction and increase bone disease risk a proximal tubular dysfunction should be

followed up in order to control an incidence of osteoporosis.

A population with high exposure of Cd had a high risk for proximal tubular
dysfunction and osteoporosis. A proximal tubular dysfunction was a risk factor of
osteoporosis in both men and women. This finding was different from previous report which
mentioned that women had higher risk for bone pathology than men. An intoxication of Cd
was different between population which require a systemic study to explain this
phenomenon including Thai. A sensitive biomarker to indicate an abnormal bone
metabolism, a bone related vitamin metabolism should be subjected in a study to find out a

key factor for health care system in high risk group.
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U-Cd = Urinary Cadmium
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LDL = Low density lipoprotein

S.D. = Standard deviation
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°1umsﬁnmwm‘ﬁ‘amwwaqLﬁaﬂs:@ﬂﬁLﬁmmﬂmslﬁ%’umiﬁwmn§<1|,rm§au§ﬂ€f’m
(Akesson et al., 2006; Eastell et al., 2009; Ebeling et al., 2001; Nambunmee et al.,

2010)

m’mé’hﬂ”fuuwa\ﬁma‘iuﬁuaﬁmﬁmﬁﬁaﬂ'szmumiaﬁﬁmﬂanssgﬂ
nsrIumsahaiianszandsznaudie 2 Assumsiiandy de msadadie
N52Qn (bone formation) LLasmia:mmﬁaﬂ‘sxﬂn (bone resorption) bone resorption W
nszuaunTnﬁamauguauqaﬁﬁaaummﬁau wazWaanasalussuvlnadsuwzavdan  gn
muaules Pmamynmjhmnume(PTH)Lﬁaiuﬁuuﬂmﬁﬂu w%aﬂaaﬂa%ﬁhuﬁaaaﬂﬁ1aa
PTH aznnmaqwnuwanstuuaam Lwaaqamnnnﬂw osteoclast (%ad ﬂaﬂﬂﬁnﬂﬁﬁuﬂﬂ
avanoiiianss ﬂmwamuﬂamama Waslaa uivdsduanaluiduuaszle dolvad
vitamin D actlve metabolite Lwammmvﬂwm PTH A8U vitamin D qu%‘lumm%qms
ﬂﬂ"ifNLLﬂaL‘dEjN NNNNLEUDIWS ﬂ?ﬂﬂﬁﬂ‘iwﬂumiﬂ\nﬂi’l“’w calcium binding protein
zmsmmimﬂu'ﬂm osteoclast cell aAMSLAN bone resorption UaraAIZAUNITFUATIEN
PTH(Dusso et al., 2005; Lips, 2006)
adwlsfionalunsdimsidefsnnuaaiounuinssdu PTH /U vitamin D lu
nssuddnnvz LAY %!qﬁwammiﬁﬂmlﬁmuamwuﬁuﬁuﬁswiwmmuaﬁﬂmamﬂ
Eu%ﬂuﬁuuﬂmtﬁﬂn1§i1uﬂﬂtﬁﬂuﬁazauaﬁﬁlﬂazsUﬂauﬂwsﬁquuwaqhymnxwaw
enzyme Farhmthiia$ vitamin D active metabolite Y% 1iia PTH wasaananluszuu
Inadeudaauiiaiu lalis3ns0a519 vitamin D active metabolite ABUFUDIT Y UB
PTH 16 vhlandess PTH avagernudsliiia bone resorption Giatiinsauiialsa
ﬂiz@ﬂiuﬁqﬂ(Berglund et al., 2000; Engstrom et al., 2009; Lips, 2006)
VnmnthLﬂuﬁﬁuﬂﬁﬁéwﬁmﬁan73a§muﬁaﬂi°mﬂ uwéaﬂaavnamha[)ﬁﬁ1ﬁmu1
NNBIMSUITM TN TLT LN ia vnmnnlr)waﬁsvu1wrmtﬂuaqusuua~nﬂaﬁlﬂﬂmlj
amswisulasiadulos 25- ~hydroxylase enzyme mmﬂu 25(0H)v1tam1n D Nt
gnaudsaaluiila TaoTuséu viamin D binding protein ﬂainqwqunmtlwquzﬁﬁnny nu
25(OH)vitamin D (iio 25(OH)vitamin D Qnﬁunﬁlma:gﬂuﬁauuﬂaQEUWa§u§ﬂﬂ%a
log enzyme 10L-hydroxylase tﬂgﬂutﬂu 1, 25(0H),vitamin D %\ir‘ﬂu active form 24
v1tamm D uaunnwummaﬂsuual,aaﬂlﬂamm%ﬂmmsﬂﬂa vitamin D binding protein
Snasanile uenanuAmiiaNT: SUNIUMISYIINIUYDY hydroxylase enzyme Tiloudn &ail

FIEUN ‘WEI']ﬁﬁ.ﬂ']W?JENIGI‘ﬂLﬂﬂQ']ﬂLLﬂGILNHNBWQQ:HQNHiHNﬂW?@iQLHH vitamin D
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binding protein lﬂﬁuﬂaan:mﬂ%uauﬁﬂﬁﬁ vitamin D binding protein laigﬁmwaﬁa::
YU vitamin D active metabolite Iﬂiﬁf'qailtl’lztﬁ’mmﬂ(Teranishi etal., 1983)

uanmnna’lnmqmuuaamuwtaual'ajwmunmiam vitamin D active metabollte
iy m’Lmnmmsasmuaﬂsvﬂﬂ mmsmﬂfﬁmmamammmqmummi ueLiinean
calcium binding protein W@ protein transporter anwmﬂmwmwmﬂumiﬁuﬁq calcium
namuauamshgszuulnadauden uazead 1 affinity  douaadioy o
dyaudldadnlisdungudinannniy suduitnmsauds waatdsutnInazanly
Swmafivannay A Sam iy gae (Endo et al., 1998; Park et al., 2002;
Zalups et al.,, 2003) mimsommaa“luﬁm’maammmmmﬂuﬂumauamqmmumm
Lﬁaﬂumsmﬂiiﬂmq 9 uaz wﬂwm'jsﬂmimmﬂmma\mml,ﬂmuaulmuﬂsvﬁwamw
e amﬂsnmuﬂalﬂmauammwnmuumLﬂuﬂﬁaﬂﬂswﬂiunmwﬂummmm Tay
ﬂﬂlﬂﬂu‘ﬂ%waﬁmﬂmimGf—l,iﬂniv@ﬂ’luﬂ‘sumﬂimmmmmmeﬂaﬂaln"lmmlmsm
LULR

Vitamin K Lﬂmmuuanﬁuﬂwmmmmﬁmm“lum*smwmam £@N vitamin K
1T cofactor mhmu“lumsmw osteocalcin mLﬂu‘[maﬂamwﬂivnamﬂmuamaniuﬂnw
LL‘&NLLN vitamin K (¥u cofactor (Kaneki et al., 2006; Yamauchi et al., 2010) a4
enzyme gamma glutamyl carboxylase ﬂNWH‘I?’lﬂ‘iUIﬂNH%N?JBQ glutamate residue ﬁ' 17,
21 uaz 24 294 osteocalcin MIDDU (under-carboxylated osteocalcin) TUtTlu osteocalcin ﬁ
aummwsam cTamLﬂmuaLﬂamumnnaumm(Kanekl et al.,, 2006; Mackie, 2003)
madsuulaslaseaing glutamate residue 9 m'lﬁ‘[manawm osteocalcin filasasdrad
snsoduiuuaadenls e osteocalein MuSause msmmmiLﬂaauLLan‘[mqa‘iN
aanaMaeilndie osteocalcin Tuana iilsivdiousa ?JWtLﬂﬁL?iﬂNhTNLﬂﬂﬂ uaﬂmﬂuuum
ENiJN‘J’lm'luﬂ?‘mﬂuwuﬁ‘iwﬂil’lﬁuGI‘U‘EIB\‘I vitamin K Ay osteoprotegerm ﬁmnju cytokine ‘VI
EI‘UENﬂ'}iawa“lﬂﬂaﬁﬂiuﬂﬂiuﬂivﬁWﬂ‘iﬂNWEl’lﬁﬁﬂ'lW?lENlG] Fallanueasainunes
am'wwmmwu"luwauwauﬂmmau ANUFNWUSTEWIN vitamin K ﬂUWEI’Iﬁﬁﬂ'IWﬂ‘Uﬂ'iuﬂﬂ

u

]
<

lunguusemnsiidudauaniiian ludwnauiaaagnsanuiiall 2008 (Nambunmee et
al., 2008) msAnmaenandnmludsznnswemnasiung 43 ey was CWAVEINTIUIY
79 AY wmﬂmﬂn’n 50 U unzliwendamwoaaialauds Fawamsanund lyiudanliy
ANNTUNUTTE U under-carboxylated  osteocalcin NUsSzAULAALITBY WAz 2139
mGlﬂs’mgmimmummﬂuu"luﬂ‘ivmnsﬂaumﬂau swlldslumsinngihelsedlodla
°lu=1J'ivmﬂm1Juumﬂﬁ vitamin K 53860 mlmamssﬂmwﬂausulm(Kasuya et al.,

1992) ANNTNWUSIENIINSEOU vitamin K nuw:enﬁamwwmﬂsz@ﬂluﬂquﬂi:mmw
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dudauaadisudemsimsdnwiialiidinlanalnmsiiafivdanszgn suazidoulaeng
msMuususuiianunndamwlungudszmnsiinenaziieduldlusnaa

9/

gayalsznaumsanmaainglszaeamsideda 2, 3 uas 4

gaumsailfammstuitlauuandisalulszmalny

mstudausaddavsuaaiiioaludy 1h uazin dnsneniluvion sune wi
da0 Janiamn TaswuhiissnnsitléSumanssnu 16,561 au a0 13 Wit 3 dua
szoues  uaadlsuitudeuagluluduiiguas dannnnhssduanudasaied 2
mg/kg(Simmons et al., 2005) @utdeInuNUszaULAaLianluNEnz wuSasaz 90
wpaEniNidua fiszfuuaniongenisduanulaaadsd 0.2 mg/kg lunesi
Jauaz 25 waqﬂsxmnsﬁzﬁmsnﬁﬁs:ﬁuu,ﬂ(ﬂLﬁﬂuamuagi‘luéwmagqnijé’umm
Uaaassii 2 pg/g Cr(Zarcinas et al., 2004) Uinadinanidmsimiiassagluudnm
ﬁuﬁw%qé’uﬁwgm’hLﬂuw{iq"lumms;waqmsﬂmﬁau‘[ammeﬁaumgjéqumé’au Toail
mshmiianneaudd w.d. 2520 u,azﬁmﬁaawﬁmﬁqﬁﬁqdwLﬁuﬁ‘«amfiagiuﬁwﬁu

wsasnssndhimdnndnzasznnsluuinui Taamwzmalgninveansd u
Uwd 2547  fiwnunnlsanenwnawidasauazdiinlsaannisusesnavardnuas
Faunadan NIENTNABITUFY lﬁﬁﬁnixﬁmmmLﬁﬂuﬁ'axauaglu‘iwmmam‘szmnﬁﬁﬁ
annnt 15 Y vdysel wuh mndssnnsidsnsnau 7,607 1 diszduuaadioni
g4I 5 pgsg Cr Be¥asar 7.2 wia 554 9o Lleiimsdnmuszeumsasanuaaionly
Uszmnsaananlull 2550 wuhiisnuwssnnsiifissdunaadisniitueanludasiy »5
ug/g Cr ity 663 5o (e 248 118 wasvila 415 51

wendamwduiizniasfuuaailanlulszmnanguil 16un Proximal  wbular
dysfunction, Bone metabolism dysfunction, Anemia, Hypertension, fiﬂummwwﬁamaz,
ISﬂﬂ‘itg}ﬂW?‘u (Honda et al., 2010; Limpatanachote, 2007; Limpatanachote P, 2010;
Limpatanachote et al., 2009; Swaddiwudhipong et al., 2010; Teeyakasem et al., 2007)
Li’lammmﬂLﬁﬂuLﬂu‘[amﬁuﬁﬁ1ﬂ%ﬁ%§ﬂ%1ﬁﬂﬁﬂuquﬁﬂﬁuuwu dadudadngseme ay
gndussnmnuazldszaznmeniunu mlduaadsuiazauiseauingans liifianes
EAWEN 4 UBNINTULE wnliraimsdudauaadioniislulssnnsnduiidaiiag
pHdaLiiaY aldnndnurasszmnsifiszdunanilanazauluhemetiaiuanms
dhsnlunsausn UssnsnguiiisdasnsmaithssSuitallasfunndamwiheusiiiaraa
wamnuanluawaag

dayatlsznaumsAnmamninglszsdmsidede 5
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mmgﬁytﬁﬂim%@tﬂ‘mgmﬁﬁ'{ﬁnn‘[iﬂﬂ'ﬁz@ﬂ

f\nnmsﬁﬂmL%«ﬁiﬂgmamﬁﬁaLﬂ%ﬂmﬁﬂuﬁﬁnmwmmaé’ugﬁmmﬂ‘[sﬂﬂsx@ﬂ
WIUUAENTLQNNNYBY Desai et al. (2003)(Desai et al., 2003) Wu {iUaslsanszan
wyn daldelumsinwiwervia loun 6 Xoray,  @reda, den, su3nisme
Msunwnd, Masiamaisalfians, msawenus dadluilas 2,770 Uss wiadAadly
Sulny 83,100 1 dall Tagdlihadenanazdudimnnivludiasdiinszeniniu
e Tasasia l¥hemantlay 3,749 USs wia 112,470 1" Tdaandasiualdane
Ei’l?i%}'uIgﬂ’mﬁLﬁ1%Uﬂ'l‘§§ﬂ1:l’lﬁ'Jﬂa'}ﬂﬁﬂ‘iz@ﬂﬁzIWﬂﬁﬂ?AaQINWEH‘U'la'ﬂN’l%‘Uﬁ flasd
enlanalumssnnlesasdadudy 59,881 v Tnadilaisna lFalunmsdums e
QUAFZMNMAINNINNWNWIAUEY uazmaNugadamaasugianiasuiuiiauls
ULazAIAUATY

windwanninulssnnsludinawidan Samianiisianudsamsiie
lsanszgn tasdasas 20 mﬂﬂ‘s:mﬂsﬁﬁtmmLﬁﬂuamua%ﬂuéwnmmﬂﬂiw 2 ng/g Cr
Panua 4,187 578(Swaddiwudhipong et al., 2007) Aadlu 837 518 axile lFaTiAa
NNMTAUASNEUas 83,100 X 837 = 69,554,700 11 MIBzaamsiinlsaganainly
Usznnsnguilifies 5 wnglsndamldhalunmsguainuweuialdde 5 X
69,554,700 = 347,773,500 U smﬁatﬁui’uuﬁq@mmw%% lamalumsasisala

TiduUsemne wazdSuadenuduiusluasauais
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2.1 Uszanmisiag

ﬂ’lﬁﬁ'ﬂl,%\!ﬂisquﬁ (Applied Research)
A -
2.2 A%a9¥4a

1. Atomic absorption spectrophotometer (Shimadzu Model AA-6300, Japan)
equipped with a hollow cadmium cathode lamp and autosampler (Shimadzu
ASC-6100, Japan)

THlumsenaiassauunadionlutaans

2. Hematology auto-analyzer (Beckman Coulter® Model Coulter®me, USA)

lidhuSuasniaanufiaundzesiadon

3. Clinical chemistry auto-analyzer (Beckman Coulter® Model Synchron CX3,
USA)

TEdwiuasnada B2~Microglobulin, alkaline phosphatase, calcium, phosphorus,

creatinine

2.3 Chemicals

1. Certified urinary standard reference material (The National Institute of

Standards,USA)

2. GLAZYME, Bz—microglobu]in—EIA (Sanyo Chemical Industries,Ltd., Japan)

3. Latex particle enhanced turbidimetric immunoassay PET kit (Dako, Glostrup,
Denmark)

4. Palladium solution (Wako Pure Chemical Industries, Ltd., Japan)

5. Standard solution of cadmium concentration 1,000 mg/1 (Wako Pure Chemical
Industries, Ltd.,Japan)

6. Standard solution of calcium concentration 100 mg/] (Wako Pure Chemical

Industries, Ltd., Japan)
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2.4 AUABUANIUNS

1,

S

10.

1

12.
13.

Ussguiiidivaivenaunumaiudisge msuudiiage  anuadameriagema
Timw Wuiiasfiuiiede Sunudssnnsinsinsinm sanuuuLUUdaUaY

duganlumsuniulassmsise

[
ar =

imsdanlulsznsiifiagnnnh 40 ¥ viysal Afiszduuamiionludaais
>5pg/g Cr 216 518 uazAnwludsznnsusnaeiuivuitlouuaadion 2165
TN 432N809NBazBaaMsanazaiailule 7 zauralasemsise
aaﬁuﬁﬁaﬂwmmmﬁusqwu Uszznwu uazdanuwenwa lufiuiiinsdudlauzes
uaanilaaiatuasinguszaedmside Tamnaszaznalumaiudasameinm
M3dhs1Azlannms wazmsudawanaraslficing
ﬂ’mwmaﬂizmn‘;‘ﬁﬁﬁm‘[ﬂﬂm'ﬂumia@mmwﬁqﬁuﬁauﬁ'mﬁuﬁaaehqmq%'amw
iudmatameiimwiiaauasdaans
mIanananszgnludssnnanmsanaiamansegnlaalfinaiamadidinen
msm‘mmqﬁ’aqﬂﬁﬁ'ﬁmsmiquwmwLﬁamni‘sﬂﬂﬁsﬁwﬁj @#53930 lipid profile,
alkaline phosphatase, AnnGulafia, 1win, uas dwgemsitiadagilsadszaen
WeNSaMwraInszen wazle
shsnamizlannmslulsznns fumvaiusznnsiindinlasamsloylFuuugauos
aussiunmslnnams siieowmnsiivilng dnwaizarmsivdlae UssiiuBna
awnsiiiluunderes viamin D uas vitamin K 71450 uvseiinzasenmnslagUnd
mﬁzjww% ﬁ'mqsw
thanuuendssnns dnvazidsygenaasding anaw Lméaﬁag‘imﬁ'ﬂ WOANTIN
deadalsanszan Tsauszid
Uszznsiiwuiinensanwoasla nszgn  waclsauszanen  azgnaedaiihgszuums
Snwnenuna witelinnsinen waz@inmueamswasunlawasmensann
MU NEDE  Senzienuduiuslosliliwameadanmenzay Wlias
Multivariate analysis 1@ ANNFRUSSEWINGILUSTTanaTUsay wazaNzim
YUINYBIHANTENULDIILUSAUUAREH fifiuadamsianuuasmasiaud sy
(Wendamwuanszan)
5@11]3:?;3“‘1?&Ela(ﬂ@'luNaﬂ'lﬁﬁ'lLﬁuﬂ’]ﬁﬁ’ﬂﬂ"l‘iﬁﬁ‘ﬂﬁn%\iﬁuﬁ NANIINARBINIY
HaHiaMs wazkamsianzimeada dudszsmn 1 3 ey
IhnenuagUuamsauiiung

Tndszguiiaudedayamsasngumwlinuanmaiasiivhsnlasins
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14. 3Uszgumadnmaiiaihiauasamsida gy uazdimnms

2.5 Ussrinsfine

W\Iﬂﬁﬂ‘tﬂ‘]WEﬂﬁﬁ.ﬂ1W?ia\?ﬂ‘ﬁyﬂﬂmmtﬂﬁlmﬂu wﬂmaaﬂﬂﬁzmmwuam >50 1l &4
LﬂuﬂiymnwmmLﬁmﬂam'ﬁmﬂ‘[iﬂﬂsmmu aldSutase oy (Akesson et al.,
2006) ﬂsumﬂwmmﬂqmﬁﬂ\mmLaaﬂmﬂﬂﬁzmns’luwuwﬂuLﬂammmLuﬂmnﬂwam‘s
dsnlull wa. 2550 ludnnawisan Sandamn Wudssnnsisiszduuamiaaly
ﬂaem“ NN 5 pg/g Cr F‘E";qL‘fjusuﬁuﬁﬁmmLﬁlawiamnﬁwwm%amwwaaﬁalm 5 14
Luamﬂmunauanm Tuares wﬂaumuamaaﬂmnﬂs mﬂwmﬂﬂaﬂmqmnwuw
ﬂunJau >15 filawaslue Sunawides saiaemn waslifinesnuaadantudauly
Huiidanan szmum'ﬂmuamauﬂmuﬂquﬂﬂa Tszauuaadiaaludaas iy

9
e

kg0l

2.6 MItiuaIasg

1. ivdayadiudszains isugemdaddonn UsefaniaSutialanly
NTECIERPY

2. iuadndanl3nes 10 Haddas nvaeadaad lounmuraimiw
usnillu 3 Nad865 d1mSU EDTA tube, 5 HAANT AWMSUFTU wbe  wa 2
Nad805 d1TUPAXgene tube

3. iudadradddiz Taold Ham cupusntfiudaiadaaiz $1u9u 10 Fa33as
Tunaaanasd@niilaaamsiudiounaslans 10 fadaas lunasanaiadn
dmSumsnsa fB,-Microglobulin tieuSua pH Tigandh 5 @w NaOHuie
Uasiumsaaisdizas B,-Microglobulin was 8n 10 Hadans usniiuly
WADAWNFAN TMSUATINGIE ANTMIN B 7 Tudadanne

ﬁ’aasiw?il,ﬁulﬁazﬁﬂﬂLﬁulﬁﬁqmwgﬁ -20 srmuaded datlasiumsamnad

UNAIBFIANNTIMNT26577
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2.7 MIANTINGITIANNTININ
2.7.1 msasaweatianlulgans

'
' <f ar

u,ﬂmLﬁﬂuﬁazau‘lus'wmﬂwawuwﬁma"auawmuua“lm Togawziilafluadan:
wan‘na"ammmmamtavmﬂwmﬁamwwuﬂaua’sm ¢8u 7 disuaalonGusranlule f
ariinsduaanmmidaan: WudadiusulSanemfsuiazanlule szqunas
waadanludaans (Urmary Cadmium) Sludaianeiase zauMslasuduiansyana

uaadanulans wmmmmnmmwuwuiumaawqﬁqﬁqmsaalma’[ﬁ Atomic
absmptlon spectrophotometer (AAS) Iﬂﬂmﬂwanmwmmﬂm\ﬂ,uﬂnﬂﬂwuwawmﬂau
u,amLmnm\musymnmmma #ia maaLaﬂmauuwmamlmuwawmiummsm
ﬂﬁuﬁ ORIV ﬂmtﬂaﬂuamu €70 ground stage I‘IJEI excite stage Gaf\nﬂuamuvmluumm
\@tas Bansaulu excite stage F9USUG dremsUdaswdanuaania way navug ground
stage waqmuﬂﬂaaﬂaaﬂmwmﬂaauuﬂm excite stage NAUNG ground stage fitoa i
VinadudadrudulSmasswaadisnludiagadgensi 1AS09 AAS 14 Hallow
cathode lamp (WuunsdmdanuiiazUssswdinuluraiuisumsluisgeidaims
9

maassuaIadwiiumslosngndiadedaanns 250 u, Au 500 ul o 20
mg/1 palladium chloride Fa1e3a3lu 5% nitric acid wax 250 uhfmé"u?]ﬂmwaaﬂ'lﬁuﬁu
uaulaamanauvaaanaaasliun uinhludadieios AAS Stndard curve wraulns

M3l standard CACIHMENAUINAY ultrapure grade HANNTITY 1.25, 2.5, 5 and 10

ng/l.
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2.7.2 M3052330 _Urinary B,Microglobulin

wendamweawialauwendamundniiiesuiiaueafiauazanlyemeaui
FEAUINGA msﬂq%mmqumwmwm%amwwmﬁalmEnmaai’a‘[@a’iif’ﬁn%’i’mmq%amw
lungu Low  molecular weight protein  Fawutidiavialaiaanuiiound WL
ANNEINTOLUMIGANEY Low molecular weight protein i lilusdunguasnarivgadi
wludaan: lumsAnwwenianwanuaadiam B,Microglobulin(B,MG) 1Juddiams
F1mwlungu Low molecular weight protein fifianusimzdanandanwaasriale uasil
msmmuamseddliiduiGeuses aansansaialdludasnslaglitalifesuass
nugthe smunsaduiiumsldluiesfidmsiugu

FuaaumMSsHLTHuMS GI8819gNUNRY polystyrene beads TLARBUIA bead §8
human [,-MG polyclonal antibody (ila B,-MG 3unu B,-MG polyclonal antibody LAi®
\Uu B,-MG  complex ud Agrdudiagdiuiuaanudnh dia bead 7§ B,-MG
complex 14 incubate fu B,-MG monoclonal antibody 17; @afu Horseradish peroxidase U
‘fl"uﬂauqﬂﬁ“lmﬂa B,-MG  complex 3UAU B,-MG  monoclonal antibody il dafu
Horseradish peroxidase W&21L&u substrate 289 Horseradish peroxidase ‘ﬁ'wsﬁﬂﬁtﬁﬂﬁ
Whudadwmaaudnduges B,-MG ludadhedsdinsa dauaaalugtmwehudail

Enzyme
cenjugaladB, - 3
B2-MG Ab ' . Substrate

Bz -MG in

sample

Figure 1 The reaction of ,-MG in the enzyme immunoassay.
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2.7.3 NM13A333 Creatinine
38MIaTIAm End point Method
MIad9FIEINTI - Serum
- Heparinised Plasma
- Urine
ABNG 1. laignsld Hemolysis Plasma %38 Hemolysis Serum
2. TaamzaaiulagldansSnumanw wu Merthiolate(0.23 mmol/L)

3. #GARGULUATIEY 18U Cephalosporin axsumuUAZen

Mstiushwasdinsa

Serum w3a Plasma (aifiuiigamaiiiassiliadosnw 2 Ty uas dafuit 4
NFNwAIsENLEDE TN 7 U
wann9

Creatinine TusiiagneazviUfA%e Alkaline Picrate Tansidduns wa Reddish
color (Jaffe reaction) Fafludadiulagnseiuusinn Creatinine ﬁﬁagi‘[maﬁwmﬁwhmi

ganduuasiiaNNeInaY 5001 Tumes

(Sasilatadasly
La3adila Konelab 30, Selecta XL
ﬁ’aﬁwm Creatinine Reagent, Picric Acid Method
drsad 1 Picric Acid
2 Sodium Hydroxide
SRauangn

11 Picric Acid a2 Sodium Hydroxide anuannuluaasidin 1:1 azle Working
Reagent udaailiiaamgiivesszna 15 wniinauhluly
Hadanauasnsiuiinuamsitaz

1 Haemoglobinl‘ﬂtﬁu 50 mg/dl, bilirubin Laitfiu 7 mg/dl, Lipaemic

@1 Triglycerides bty 450 mg/dl laisunul{isen
a) Expected values uluﬂ@:uﬂuﬂﬂa

Creatinine bWAZEIE = 0.7-1.4 mg/dL

VWANEN =0.6-1.2 mg/dL
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2.7.4 7156333 Inorganic Phosphorus
3511950979 End point
fadFEInTIA - Serum
- Heparinised Plasma
- Urine
AaING 1. liensly Haemolysed Plasma %138 Haemolysed Serum
2. lasls Lipemic Plasma %38 Lipemic Serum
nMatiushwaidinsa
1 Serum 3@ Plasma (latfusnniigampiines (18-25 asmwades) axd
WAETNW 7 U uazdududasiiEdesmw 6 Wau
2 Urine diaffushmnil 4 ssenwadea asiiwiasmw 7 Su
wann1y
Inorganic ~ Phosphorus  luddeasiaaansadaldanmswasuaaludiuzes
Unreduced phosphomolybdate%wxLﬂuﬁ'ﬂﬁjuiﬂﬂﬂiﬁﬁuﬂ%mm inorganic phosphate 1

serum 3zONIANINNINETIAAUB40 UGS

wsaviiawaiacld
mf'a"mﬁa Konelab 30, Selectra XL
%‘aﬁwm Inorganic Phosphorus Reagent Direct UV Method Without
Reduction
GRRILGEY
1 Ammonium molybdate
2 Sulfuric Acid
3 Sodium Chloride
GRFERIZPLRlY

TRACE Inorganic Phosphorus Standard 58 TRACE Calibrator
dadunauaznsuuinuam AT
1 Haemoglobinlaitfiu 160 mg/dl, Bilirubin Lsitfiu 20 mg/dl, Lipaemic
@ Triglycerides laitiu 450 mg/dl Lisunmulfisen
Bu
Linearity 0.15 mg/dl
@ Expected values
Inorganic phosphate serum = 2.5-4.5 mg/dL
Urine =0.4-1.3 g/24 hours
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2.7.5 mM13603529U33188 Calcium

351199519 End point
Gra8NFdInIY - Serum
- Heparinised Plasma
- Urine 24 hours

AINA

mE

1 liansl Haemolysis Serum wazlia2s1% Serum mﬂ@ﬂ’m Hyperparathyroidism

fi5ums$nmnéns EDTA (M31E0 5396835 Absorption Spectrophotometer)

2 liesld EDTA w3a Oxalate %38 Citrate plasma

3 ludaamziiviimsiiu 24 $als msd neelalaseaadnduiy 15 ml wazly
msiuliludiu erslianwieu 56 asmmuaidnd 15 it deazasasnou (Fade
asaiigns Hunsed lisniluasam Uraeva Creatinine) Usanzidaanludansdiu
1:2 MU deionized water NAUYNMITIATIZN
mMstiusnndedansia

1 Serum w38 Plasma iuSnwifigaumniivias wia 4 asenmaidaa asiiaiosmm
7 W VIBUBUAREIEDETIW 6 oy

2 Urine (fusneii 4 asenuades asfidgosnm 7 Ju
wanms

Arsenazo I TINGINUUAATeY Boaudi pH 6.5 2:14d chromophore@azi iy
dashulasasesnuuSinarsuaadenluisy ua:i’ﬂms@ﬂnﬁuumﬁmmﬂnﬂ%’u 650 11
luiuas w3 bichromaticanalysers&3nsagnu Blank 71 700 unluines

tAsadia tASadly

Lﬂ%‘aﬁﬁa Konelab 30, Selectra XL

%aﬁ”&t"ﬂ Calcium Regent (Arsenazo 111 Method)
Haudannar TRACE, Ussindanataiide

GRRINCEY 1 Arsenazo III

2 Imidazole buffer
FBmsadeaine  vhewdonls
#1035 TRACE Calcium Standard %38 TRACE Calibrator
dadanauaznsuuiinean ez
1 maandeadihemslitiluhaunsuss liSaummnuiuly wsvasilid
#a9Calcium i ldguiuase 0.6 me/dL
@1 Expected valuesCalcium = 8.4-10.4 mg/dl
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2.7.6 11307323 Alkaline Phosphatase
0NIIRINA Kinetic Method

Serum %38 Heparinised Plasma

o
3]
.
-
an
2‘21‘ -
2.
<
2
v
o)
<2

1 ldansls hemolysed serum %58 hemolysed plasma

2 Winld EDTA, Oxalate %38 Fluoride (fuasiudanuss
MaHudIdInI

1 mstiudadansraBiuu qasviliaaula A]kalineij\'i%u

2 @1 Alkaline Activity ﬁuagfﬁ'm:amm?iaﬁnéqd\msmLtasqmwgﬁ
nanmMs

lindnms AMP Fudlundnmaaas IFFC laadl 4-nitrophenylphosphate (lu
Substrate waz lunnzimanzaa Alkaline Phosphatase “lufi"qawmawmﬁﬂﬂﬁﬁ%m
Transphosphorylationlﬁ 4-NPO %ﬁﬁmﬁaq (Laz Phosphate %ﬁtﬂuﬁ'ﬂdmmqﬁuﬂﬁﬁ%mﬁ}

Wil uas activity sasaulminiieglosfimsiammsaanduuaiinnuemaiu 405 w

u

Tuuas
wA3asilatatacly
Lﬂ“%aﬁﬁa Konelab 30, Selectra XL
Harhan Alkaline Phosphatase (ALP) Reagent AMP Buffer (IFCC)
GREGEH
Substrate
- 4-Nitrophenylphosphate
Buffer
- AMP
- Mg Acetate
- ZnSO,
- HEDTA
B3 aanhem

azasiailiiouisdas Concentrate Buffer fiussgundutheauldusinaemi
MuuauuamNg N0 9:1d Working Alkaline Reagent
mMstiusuaztadasninaaniten
1. Working Alkaline phosphatase reagent Lﬁmﬁu*ﬁ 2-8 avANTaLded Az i
W@HESNIW 30 MU
2. thenfidaliazmaiioiui 2-8 asnwados iimgauiuiiszyineme
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dadang 13Jm'iihtfm’mﬂ“[‘§|,ﬁawui*nﬁﬂ"nmjuw%awmmq
dadunauazmsiuiinua

1 Haemoglobinlﬂtﬁu 500 mg/dL, Bilirubin l3itfiy 20 mg/dLIﬂEI’“JJG] Triglyceride
lalaiiiu 360 mg/dLagluisunu jiizen

2 mnamsilAauuas Abs. sl fisengaiu 0.37 AU/min Ti@anedad
A3I90N Saline UdIATINE WINMIANAIY dilution factor 3¢ e Tunamsdiaszy
un

Linearity 0-100 U/L
A1 Expected values (a7 ey

Alkaline phosphatase Male = 53-128 U/L

Female = 42-98 U/L

2.8 MIIUATITHNEDG

1. msdnnlagineadddawssan Tdamissazitaudamsnsznegias
Usznnsenu avw msguyni mstaas Tsauszaen Usdimsiinszgniin uazitesiew
dadussnnsaangalanld Chi-square test w38 Fisher exact test

2. mawSuuidisummdsaatens BMI anudulaiin ssduuaaitaluaane
B,MG alkaline phosphatase calcium LDL MIaNTEON ixﬂi’uqnfﬁmémﬁunémm@u 1%
Independent sample t-test

3. Ansvianuulnlsiusswinnguaes BMG uar stdunaaienludaan
1% Analysis of Variance (ANOVA)

4. Aensvimavduiusszuninety BMI anuduladio seauuaaiialudaanis
BQMG alkaline phosphatase céllcium LDL ﬂ"li\l‘aaﬂix@ﬂ lagld Pearson correlation

5. #1 Odds ratio a4l5Anszgn waswendamwaadla dvuamlasls Multinomial

logistic regression model
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unh 4

HANISANE

msﬁnmmquﬂmaaﬂﬂﬁvmﬂswumﬂmﬂm“& 50 Uusysal mmuﬂsvmﬂiﬂau
Lﬁmmaiiﬂmvmﬂwsu idlafimsdudatadodoazdaliiamsnnsanwaaanse anla
‘ﬁﬂLQUﬂ’J’Iﬂ‘Suﬁ’lﬂiﬂQMau logwmwizmslasududauaaion Jadandszmnsnguldu
dudaunaiilon (Exposed group)  aeilanudasdalsafiiAsadaeiunisleSududa
waandlew Sadu “ngudss” Ussnnsnguilididaumsdisnlull 2550 wasfiszdy
waadanlulaans »5 ug/g Cr Fudlussduivinanudeslumsifionansanmmnaasle &
piganluiuivudleuuaadsuiiinenuanudummsuaadonlududiun i
WNTPIUMUUA “NYUAIUANT (Non-exposed group) ﬁ'mﬁanﬂwmmﬁﬁmqmnnia 50
thidysel Bedeagrnannituiivudlau »15 Alawns washmsasmaiaszdunandion
Tulaens Fadludraiassdumslédududauandion wuhszeuuaadsnludszansngu
auaN fimuaalan <2 pg/g Cr snhmsndsasssdmsainialan fvedeanudes
damaiialsala nass lumsdnmeieiiiuszannsigsasuniiu ngadss S
216 au (u wans 74 au avds 142 au nduauan Wuwene 1wy 100 Au
LWAEN 160 AU

1IN

Fwralszznsidnm lulssmnsmauaadly Table 1 way LWANLER Ly
Table 2 lungudeamenns Ussensalng (Favas 43.66) inBumny Spsas 35.215
DITWAIENI DS U Tuwm:ﬁnﬁumuwu Uszmnsdiulve (Sewar 60.61) Hezw
MANBUIDIVIN Wasiasas 13.13 uawmwuﬂan

‘Luﬂamﬁm INANTNGBEAE 49.65 INHEMNY SR88 22.70 Handwdnunse
SUIN waziewuay 18.44 Harzdwiluziun "Luwmswnqumuqu S0uaz 38.36 fiadw

AM2En3a5UIN Souay 20.13 inBuasny (Table 2)

m'sguyw%'u,azﬁuqm

Useminsnguiden iwanaiguyviisosas 45.95  lusnziwavdaiiiesos

16.90 Usznsnguenuan iwamsnguuniiisosas 41.00 uaviwandisasas 13.13
GHY
Ll

u

i lndldseiussnitngudsauazngumuay nuwanauazinands (Table 3) MIay
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g9 lulssnnsnguidsaneanoiiasas 36.49 genhnaueuadntes Tuamei

Ussnnsnguidsawandaiaugniiiasas 7.09 Feningualuan (Table 4)

Table 1 Distribution of subject number according to occupation in exposed and non-

exposed men

Exposed Non-exposed
N % N %
Men
Retired 31 43.66 13 13.13
Sewing 0 0.00 1 1.01
Cultivation 5 7.04 13 13.13
Merchant /labor 25 35.21 60 60.61
Government staff 3 4.23 3 3.03
Rice farmer 7 9.86 9 9.09
Total 71 100 99 100

Retired = Lﬂﬁﬂm, Sewing = ﬁmLﬁuLﬁaﬁ’l, Cultivation = waﬂgﬂ, Merchant/labor =

M8nW3a5ud N, Government staff = $1513m5 UIBWHNUDDIST, Rice farmer = 2117310



Table 2 Distribution of subject number according to occupation in exposed and non-

exposed women

Exposed Non-exposed

N % N %
Women
Retired 70 49.65 32 20.13
Sewing 1 0.71 2 1.26
Cultivation 8 5.67 23 14.47
Merchant/labor 32 22570 61 38.36
Government staff 4 2.84 14 8.81
Rice farmer 26 18.44 27 16.98
Total 141 100.00 159 100.00

Retired = mﬁﬂm, Sewing = A6 LE“]UL?I‘E]DTW, Cultivation = LW’]:TJ@H, Merchant /labor =

25

MNEV3BIUIN, Government staff = $1512115 VIDWUNNIUYBI3T, Rice farmer = 21910



Table 3 Subject number distribution according to smoking status in men and women

26

Non-smoker Ex-smoker Smoker Total
N % N % N % N %
Men
Exposed 24 32.43 16 21.62 34 45.95 74 100.00
Non-exposed 40 40.00 19 19.00 41 41.00 100 100.00
Women
Exposed 100 70.42 18 12.68 24 16.90 142 100.00
Non-exposed 127 79.38 12 7.50 21 13.13 160 100.00
Non-smoker = Is\ifgj‘qug‘%, Ex-smoker = Lﬂtlgm‘l_.!ﬁ%, Smoker = guq‘lﬁ%
Table 4 Subject number distribution according to drinking status in men and women
Non-drinker Ex-drinker Drinker Total
N % N % N % N %o
Men
Exposed 37 50.00 10 13.51 27 36.49 74 100.00
Non-exposed 51 51.00 17 17.00 32 32.00 100 100.00
Women
Exposed 124 87.94 7 4.96 10 7.09 141 100.00
Non-exposed 152 96.20 1 0.63 5 3.16 158 100.00

Non-drinker = I&iaNEjSW, Ex—drinker=LﬂﬂﬁﬂJEﬁ1, Drinker=§u6ﬁ1
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Uszaalsalszangn

lutsznnsinaens wuh Sesazsaalssmnsnguidasitiivse i dulsaanudu
Tadinge fnaniinguaiunu (48.65 da 29.00, Chi-square p-value = 0.008) (Table 5)
Tudsznnsinandiangados wuen3asazzadlsaiihlulawssmadudaans WINNINNGN
MIUAN (6.34 @8 1.89, Chi-square p-value = 0.074) (Table 6)

Ussiamsiinszgniin uazmsiilsziiiSunszgn Tudsznnsinmszuienguides
waznguatuguliiianuuandeiy wuissmnsndudsunands de3asaznsi

Usea@nszanuniau 13.38 WaununguauANiagas 12.58 (Table 7)

Exposed Non-exposed Chi-square
Disease/Group
N %o N o p-value
Hypertension No 38 E=H1735 71  71.00 0.008
Yes 36  48.65 29  29.00
Rhumatoid No 73  98.65 95  96.94 N.S:
Yes 1 1.35 3 3.06
Hypercholesterolimia  No 55  74.32 72 72.73 N.S.
Yes 19 25.68 20 AN27.27
Hyperthyroidism No 74 100.00 94  96.91 N.S.
Yes 0 0.00 3 3.09
Renal dysfunction No 69  93.24 93 94.90 N.S.
Yes 5 6.76 5 5.10
Stone in urinary tract No 61 82.43 88 89.80 N.S.
Yes 13 17.57 10 10.20

Data obtained by questionnaire. No = lataafiusziamsdulsa, Yes = fuszTamaiiulse
Hypertension = ﬂ?TNﬁuTaﬁmgﬂ, Rhumatoid = 3y1@a8, Hypercholesterolimia = TaaiuTy
(§ang, Hyperthyroidism = Isadaulnsasddui, Renal dysfunction = 15ala, Stone in

urinary tract = s lulawazmadulaans, N.S.=Not significant



Table 6 Comparison of disease prevalence between exposed and non-exposed women

Exposed Non-exposed Chi-square
Disease/Group
N % N %

Hypertension No 66  46.48 89  55.97 N.S.
Yes 76 03.52 70 44.03

Rhumatoid No 140 98.59 156  98.73 N.S.
Yes 2 1.41 2 1.27

Hypercholesterolimia  No 96 67.61 100 63.29 N.S.
Yes 46 32.39 58  36.71

Hyperthyroidism No 139  97.89 148  93.08 0.048
Yes 3 e 11 6.92

Renal dysfunction No 141 99.30 159 100.00 N.S.
Yes 1 0.70 0 0.00

Stone in urinary tract  No 133 93.66 156 98.11 0.074
Yes 9 6.34 3 1.89

28

Data obtained by questionnaire. No = laitagiiusziamsidulsa, Yes = fiuszSansidlulsa

Hypertension = mmoﬁ’u‘[aﬁmqq, Rhumatoid = 381688, Hypercholesterolimia = laaiuly

\390g, Hyperthyroidism = Isaciaxlnsasedifluiy, Renal dysfunction = 1sala, Stone in

urinary tract = lsafhlulawasmadudaans
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Table 7 The comparison of bone fracture and bone pain percentages between exposed and

non-exposed population

Exposed Non-exposed Chi-square
N %o N % p-value

Men
Bone fracture history No 67 90.54 88 90.72 N.S

Yes 7 9.46 9 9.28
Bone pain history No 31 41.89 43 43.88 N.S

Yes 43  58.11 55 56.12
Women
Bone fracture history No 123  86.62 139  87.42 N.S

Yes 19 13.38 20 12.58
Bone pain history No 51 35.92 60 38.96 N.S

Yes 91 64.08 94 61.04

Bone fracture history = Usz3@nszqnyin, Bone pain history = ﬂ‘sﬁﬁmiﬁmi:@n



30

ALRIYe u,ﬂ'ss:mfh\maémfﬁ'ﬂmaxnﬁjumuqm

dlaw3sudiaudiniamng parameter TMs@n WU Mmdsssduuaadioly
Jdaniz (U-Cd) ‘Lumjmﬁ'mﬁmmﬂﬂ'jﬂﬂajumuq:4aai'mﬁﬁ'ﬂﬁwﬁ'fy (8.33 vs 0.80 pg/g
Cr, t-test p-value<0.001 (Table 8)) whudgnue B,MG FudusiSameiimwiigas
dawendamwuasviala (proximal tubular dysfunction marker) “luﬂfjm?}a\nwmﬂﬁm
NNgumuANadiitsd i (4,697.94 vs 739.20 ng/g Cr, t-test p-value<0.001
(Table 8)) ﬂq’hnajuLE!"ENﬁ'ﬁsé’uwaqwaﬁamwwaqﬁalﬂLﬁﬂﬁu FernenaBaiiaienss
wm%amwwawialmLLuunnswhﬁ'u 1,000 pg/g Cr

Tutwewda mmaaﬂuavmmumamﬂ (BMI) svmwﬂanLﬁmnmaumummm
laiuaneaiy ’luwmsnmLaammmmtm’luﬁﬂﬂnvumumnmmuamquuaﬁmm (9.90 vs
1.27 pg/g Cr t-test p-value<0.001 (Table 9)) wWuidendue MG ‘luﬂamamﬂu
mLaaammemamﬂnaumumammuﬂénﬂm (4,126.05 vs 409.88 ng/g Cr t-test p-
value <0.001 (Table 9)) Aade Alkaline phostatase (ALP) W&z Serum calcium (S-Ca)
FafludadSaiisdaamuodurainse ﬂﬂwmﬂuﬂamﬁawmaqmmanmummmw
Hadhdmaadding 2 winiiwas (ALP 110.32 vs 102.03 unit/pl p=0.017, S-Ca 9.67
vs 9.49 mg% p=0.006 (Table 9))
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Table 8 Mean comparison of age, BMI, blood pressure parameters, urinary cadmium,

Bz—microglobulin, serum alkaline phosphatase serum calcium, low density lipoprotein in

men
Exposed Non-exposed t-test
Mean S.D. Mean S.D. p-value

Age (years) 66.09 11.00 62.21 8.25 0.012
BMI (kg/m”) 21.56 3.10 99,97 4.35 N.S.
Sbp (mmHg) 129.46 1.2.51 128.14 22.04 N.S.
Diabp (mmHg) 80.41 7.66 80.64 11.68 N.S.
U-Cd (ugsg Cr) , 8.33 3.75 0.80 0.46 <0.001
BzMG (ng/g Cr) 4,697.94 10,406.85 739.20 2,836.60 <0.001
ALP (Unit/L) 112.00 31.66 105.36 32.05 N.S.
S-Ca (mg%) 9.71 0.56 9.38 0.42 <0.001
LDL (mg) 115.97 39.95 118.76 36.17 N.S.

BMI = Body Mass Index ALP = serum alkaline phosphatase

Sbp = Systolic blood pressure S-Ca = Serum Calcium

Diabp = Diastolic blood pressure
U-Cd = Urinary Cadmium
BzMG = Urinary B2~ macroglobulin

LDL = Low density lipoprotein
S.D. = Standard deviation

N.S. = Not significant
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Table 9 Mean comparison of age, BMI, blood pressure parameters, urinary cadmium,

Bfmicroglobulin, serum alkaline phosphatase serum calcium, low density lipoprotein in

women
Exposed Non-exposed t-test
Mean 5.0, Mean S.D. p-value
Age (years) 63.18 8.28 61.64 8.90 N.S.
BMI (kg/m°) 23.21 4.62 23.32 4.48 N.S.
Sbp (mmHg) 127.63 12.96 128.01 18.09 N.S.
Diabp (mmHg) 77.76 7.58 76.62 10.20 N.S.
U-Cd (pgsg Cr) 9.90 5.25 1.27 0.69 <0.001
B,MG (ug/g Cr) 4,126.05 13,185.57 409.88  1,185.45 <0.001
ALP (Unit/L) 110.32 "31.08 102.03 28.63 0.017
S-Ca (mg%) 9.67 0.64 9.49 0.40 0.006
LDL (mg%) 120.27 39.69 135.38 33.38 <0.001

BMI = Body Mass Index
Sbp = Systolic blood pressure
Diabp = Diastolic blood pressure

U-Cd = Urinary Cadmium

BEMG = Urinary Bz— macroglobulin

ALP = serum alkaline phosphatase
S-Ca = Serum Calcium

LDL = Low density lipoprotein
S.D. = Standard deviation

N.S. = Not significant
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ﬂ")mﬁﬂ}lilaﬂ‘iz@ﬂ

LﬁjBLU%EJ‘ULﬁﬂuﬁﬁu’laﬂ‘iz@ﬂﬁgﬂﬁﬂﬁ'ﬁywLLﬁL"éT’N?J'J"I (RiSI waz LiSI) wueiula
ﬂi:@ﬂﬂ&juLé‘i"mLwﬂmﬂﬁ@iwi"'m'jmajumm}uafjwﬁﬁaéwﬁmmqaﬁa (RiSI  86.43 vs
95.67, p>0.001, LtSI 87.08 vs 96.66, p<0.001 (Table 10)) WazAAdY T-score ﬁa%’w
2NURTIINEE ’lunq‘mﬁ;ﬂmwrﬂﬁmﬁfhﬁaﬂﬂin -1.00 ﬁﬂqﬁqmsﬁmam:@nﬁaﬂ (RiTSc
= -1.45, LiTSc = -1.43) luaadie T-score adsznnsnguauauiid@as >-1.00
LLam’[ﬁLﬁuiwﬂizmnsmﬂmaﬂejuL?;mﬁwm%amwwaomz@nmﬂﬂiwmjumuqu

ludszmnsmands Suaudsiumens dundsinanszaniinanuazing
%’m’l.unaimﬁ"mﬁmﬁaan'jwnajumuqu (RtSI 74.92 vs 79.58, p=0.010, LtSI 73.67 vs
78.71, p=0.005 (Table 10)) 5anlUd4A1 T-score ﬁ!’a??mnmazﬁ’wﬁwsmaqnejmémﬁ
@haa%‘ﬂs‘;’m‘hﬂejumuguasiwﬁﬁaehﬁ'ﬂuj (RtTSc -1.66 vs -1.20, p=0.009, LtTSc -1.78
vs ~1.29, p=0.005(Table 10))
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Table 10 Mean comparison of bone stiffness index and bone T-score between Non-

exposed and exposed population

Exposed Non-exposed t-test

Mean S.D. Mean 5:D; p-value
Men
RiSI 86.43 18.31 95.67 17.33 >0.001
RtTSc -1.45 1.53 -0.68 1.47 >0.001
LtSI 87.08 19.32 96.66 17.51 >0.001
LiTSc -1.43 1.61 -0.60 1.47 >0.001
Women
RtSI 74.92 14.34 79.58 16.76 0.010
RtTSc -1.66 1.44 -1.20 1.67 0.009
LtSI 73.67 13.07 7871  17.40 0.005
LtTSc ~-1.78 1.31 ~1.29 1.73 0.005

RiSI = Right Stiffness Index = @nanszanaungi

RITSc = Right T-score = T-score N5zQNAUWNAN

LtSI = Left Stiffness Index = FuIanssgnauting

LtTSc = Left T-score = T-score ﬂix(z]ﬂéfmﬁi‘zﬁﬂ

T-score L‘TJum‘stﬁﬂumanix@ﬂﬁﬁ’mﬁﬁumaﬂi:@ﬂmmﬂsxmﬂs young adult @1 0 (Hue
na @nfaandy o Lﬂumﬁﬁi’wmhmmamz@ﬂﬂmﬂixﬂmﬂi young adult

laaa (-1) - (-2.5) = sign of osteopenia :J’Jaﬂ‘s::(ﬂﬂﬁaﬂ

denudsadulsanszgnwsu

1l

<(-2.5) = sign of osteoporosis
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‘ixﬂw‘ljﬂ’l’ﬂﬂyiw‘l_lﬁrwﬂwﬁuﬂﬁlLﬂd\lEIENﬂw‘I.IW'EI‘I%Hﬂ1WﬂBﬂlﬁLLﬁ$ﬂ‘i$§]ﬂ

Lﬁaijmiwﬁmwué’uﬁuaﬁ:wiw%ﬁumﬂG’f‘%’uﬁuﬁauﬂmﬁ'ﬂuﬁ'uwm%amwwaqlm
u,azﬂ{i:@n 3q1€f§munﬂaxmﬂsﬁﬁnmaaﬂmm:ﬁwmLLﬂﬂtﬁauiuﬁaaﬁnx (U-Cd) %4
Lﬂumswﬁma%ﬁuanﬁqs:ﬁumﬂﬁ%’uﬁuﬁ’auﬂmﬁﬂmmuﬂﬂa aaniilu <5, 5-10 uay
>10 pg/g Cr WUTIWAIEWUANNANAUSIENIN U-Cd AU RITSe uaz B2MG (laszau
wa9 U-Cd ifindiu m1 RiTSc fienanasadradiudigu UarA) ANOVA p-value=0.026
WuLdeIiua BeMG fiwuhiladinawile u-cd ﬁﬁhl,ﬁu%uasiwﬁﬁﬂmﬁag ANOVA
p-value>0.001

ludszmnnsiwemdanwunar ALP lungu U-Cd >10 pgrg Cr HANNNNTIINGN <5
ug/g Cr (115.13 vs 102.54 Dunnette T3 p<0.05(Table 11)) @1 RtTSc deanasduwus
AUs3duYRs U-Cd fifinanniu (ANOVA p=0.019) uay ReTSc lungulungn U-cd
>10 pg/g Cr flfhmﬂﬂ’j’mﬁjm <5 pgsg Cr (-1.90 vs -1.20 102.54 Dunnette T3
p<0.05(Table 11))
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WeN SN INY awia‘lm HASLNAIUBATNY eNNITAN

wendanwaaiale uwndaninudniiadiaaansléfuduiauande
Ltazﬁﬂ"agaﬁviﬁLﬁuiwwawﬁamwwawialmﬁﬂawuﬁuﬁu5ﬁUWﬂ1§aﬂWWﬂmm::@um Jald
vhm‘sﬁﬂmmwNé’uﬁuffs:wiwwm%amwwaaﬁalﬂﬁ'vmmuaéauwmm:@ﬂ Tagdun
Uszensaanmuszavaay B,MG Gt 400, 400-1,000 w@as 3NN 1,000 pg/g Cr
Fafinamsdnmnounthuaadifiuhitssdu vae B,MG <400 pg/g Cr Juszeuzas
Uszrnsundfigaliinendanweasiale ety luoei 1,000 pg/g Cr Sluszduiniia
wenSamwansuasvale ﬁla,iawmsﬂﬁluﬂnﬁuméc’{mwﬂﬂ&lﬁ (permanent pathology)
wazlddn T-score woansz@ndULhINeT Fallundniiodaveszmnsdnlve fiua
msdnnneunhissyinmslinanssgninaemifumniiee fitdlumsanmwensanin
2BINTTAN

Tuwemne wuhauads RiTse fidanasduddudia svau BMG  fiFiindiu
Lﬁuﬁuasmﬁﬁaﬁwﬁcy (ANOVA  p-value=0.002(Table 12)) uaz@iade RTSc nau
B.MG >1000 pg/g Cr fifaniingu B,MG <400 pgsg Cr athafifaddny (-1.79 vs
-0.71, Dunnette T3 p=0.002) me"lﬁl,ﬁuﬁqmmaﬂi:@ﬂﬁ:aﬂm asedurRIwend
damwradlafienuguusanniy

luwandowudy AP fuwnliwdinduila BMG tindu(aNOvA
p-value=0.001 (Table 12)) u,a:neju BQMG = 400-1,000 pg/g Cr ag >1000 pg/g
Cr ﬁﬁhmﬁﬂ ALP GiN%ﬂﬂﬂEjN <400 pg/g Cr (113.21, 116.38 vs 100.65, Dunnett T3
p<0.05 (Table 12))#3 ALP Lflumﬂﬁma'ﬁ'wﬁqﬁﬂqﬁqmsﬁmmuaé‘amaaﬂszﬂnﬁ:
uan@NAUsEnINNduEae B,MG

datFauiitsue T-score >BINTANUT R(TSe (W anadiiia B,MG
Lﬁu%uaeim‘]ﬁ’aﬁwﬁ’mu (ANOVA p-value=0.001 (Table 12)) uaznan ,MG >1000
ng/g Cr fidmis RiTSe ANINAFN <400 pg/g Cr adiiadan (-1.96 vs -1.21,
p<0.01(Table 12))
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MINATILHANNENNUETEWIN U-Cd was BMG  waz U-Cd iU RiTSe shgns

ol msianuduiugsening U-cd uag B,MG luilszmnsiidnwlaamsna
AU n&jmﬁlﬂmwwﬂmtauwm@q fiszéu U-Cd > 5 pg/g Cr Fadluszauiiei
msiianudsslumsdia proximal tubular dysfunction uaziivUszennsfisien B,MG >1,000
ng/g Cr suviamsiiwendamwansiiaiusuiala 1uwm:ﬁﬂssmﬂimjumuqu il
350U U-Cd <5 pg/g Cr nanua uasiiieaunsdiuwhiuitie B,MG >1,000 pgrg Cr
(Figure 1)

Tungandes wuhmamaneuazwavds fsznnsiifia ReTse <2 Fafusedui

Wilinmezananszgnias (osteopenia) WMHNNNNFUAIVAN (¢ and d) nuszensarulue

%asﬂuﬂeju RtTSc >~2 (Figure 2)
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A blue horizontal line indicate U-Cd at 5 pg/g Cr

A red dot vertical line indicate urinary BzMG at 1,000 pg/g Cr

Figure 2 A relation between increase urinary Cd and urinary BEMG in exposed men (a),

exposed women(b), non-exposed men (c), non-exposed women (d)
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A blue horizontal line indicate U-Cd >5 pg/g Cr

A green vertical line indicate T-score at -2 which is an osteopenia reference level

Figure 3 A relation between increase urinary Cd and right heel bone T-score in exposed

men (a), exposed women(b), non-exposed men (c), non-exposed women (d)
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A a\r’qn“ﬂa»:lwm'ﬁamwmmvialmmsms@ﬂszwiwnz-jauﬁmf?'unejmmuc{!u

Lﬁaﬁﬂmmmﬁuﬁuﬁ%wﬁwﬂmuqﬂwaqwmﬁamwmawialmta:ni::@ﬂ nusEaU
waaiian 39l#draa5e Lﬁauﬂqmjuﬂizmni lagwendamwaaalaldardrds B,MG
#i 1,000 ng/g Cr dmiumsusdamsiinenSanmweemalowvuams luvasiinendamn
apanszgn 1 RiTSe -2 dmiumsiadamsiimnanszaniasuazianudssdamsiio
lsanszgnuyulusnag

wendamwuamiala lumamanwuhsznnsnguides fenugnvaanesanin
vanale (B,MG > 1,000 pg/g Cr) Aofludosas 43.66 wnanMnguauay (Sazaz
6.90) atniitiadhdny (Chi square p-value <0.001) wazen Odds ratio waaslifiuiily
Ussmnsiwamnangandes ilamanwumensamwaasslaldinnniingumuay 4.128 wh
(95% C.I. 1.964-8.679) (Table 13) Lﬁugﬁﬂaﬁu°lugwrsiw€ﬁqf’;wui1 ﬂiz‘ii’)ﬂiﬂiﬁuLéﬂﬁ Y
ANugnuaInedamweasvale (B,MG > 1,000 pg/g Cr) Aailufasasz 35.46 annn
nauauan (5ozar 7.44) agniltfudhdny (Chi square p-value <0.001) wazd Odds
ratio uaeliiAuh lulssnnsivandengaidas flamanunendanmmeawialaldinnnh
NANMIUAN 3.617 1 (95% C.I. 1.957-6.684)(Table 13)
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AIINGNYDINEIFININY aavialmttaxﬂszgl ﬂ{rll,tunmuﬂéjuuﬁmﬁﬂm

e dnwauduiugss nwinenugnYaIwnamweaialauaznsegn Auszéu
LLﬂﬂLMEIN ldar81984 LWE]LLU\iﬂanﬂiu?ﬁﬂ‘i logwendaniwuasvialaldardneds p,MG
#t 1,000 ugsg Cr dmSumsusiamsiinensamwamalawvuams lusasfingsanw
28an3£an %61 RiTSc -2 dmiumatsdemsinanszgnilasuszianudsedamsiie
lsanszannyulusnag

wWuN mmﬁﬂmaqﬂ‘szmnﬁﬁﬁ B,MG > 1,000 pg/g Cr fidnfindiumussiuaas
U-Cd ﬁtﬁu%uaziwﬁﬁ'ﬂﬁwﬁmmqaﬁﬁﬁqimwmwuamwm@q Tuwamnzwuilungs
U-Cd >10 pg/g Cr ianuzgnyas Uszannsiidl B,MG > 1,000 pgsg Cr dailuiana:
68.42 mﬂn:hﬂszmﬂ‘inejuﬁ:u (Chi square p-value <0.001) L“&ul,é’imﬁ'uimwwm‘:ﬁ;
WU U-Cd >10 pg/g Cr lianugnuas Ussennsiii B,MG > 1,000 pgrg Cr Antluias
a8 43.40 mﬂﬂ’j']ﬂ‘ix‘mﬂiﬂéusu (Chi square p-value <0.001)(Table 14)

ma’l.ﬁm RTSc # -2 LﬂuﬂWUﬁﬂ'ﬁNﬂ’J’]mﬁiNGlErI‘iﬂﬂ‘i”@ﬂWEH wuh diaseduy
284 U-Cd (it PENEBaUsEINTTEl RITSe <=2 funhiniininniy udiid border
line significant LNE]’JLﬂ‘iwﬁ‘[ﬂﬂelﬁ Pearson Chi square (Table 17) lagTuiw AV ﬂEjJJ U-
Cd >10 pgsg Cr fanwuzgnaas Usssnsfisi RISe <2 Aadludasas 52.83 1nn
ﬂi:mﬂiﬂijuﬁiu (Chi square p-value = 0.058)(Table 14)

\iafune Odds aaanmaia B,MG > 1,000 pg/g Cr unfanensamwuaina
lawuuans uaz RiTSc <-2 %ﬁﬂqﬁqmigﬁummLﬁlm"lummﬁﬂ'[‘sﬂﬂs:@ﬂwqu WU @
Odds Tuwemengu U-Cd >10 perg Cr azfilomanunendamwaasialowvuonsle
25.729 (v ijmﬁauﬁ‘umju U-Cd <5 pg/g Cr (95% C.I. 7.697-86.006) (Table 15)
wutdeiuluwandgas Ny U-Cd >10 pg/g Cr asiilamanuwendaniwaasialawuy
017516 5.412 1 Lﬁatﬁﬂuﬁ’umﬁu U-Cd <5 pg/g Cr (95% C.I. 2.573-11.384) (Table
15) 1141’.!‘61‘!3‘?;?1’.]’]méﬂx‘l“ﬂlaﬁﬂ’lﬁtﬁﬂiiﬂﬂ‘i&i@ﬂW’EHﬁﬁTBﬂ‘lHWUNWﬂ%u luwamengu U-cd
>10 pg/g Cr asiilamany ReTSc <-2 16 3.050 wh Lﬁmﬁﬂuﬁ’umju U-Cd <5 pg/g Cr
(95% C.I. 1.123-8.279) (Table 15) “Lumﬂmﬁqnfiu U-Cd >10 pg/g Cr azdilanawy
RiTSc <-2 16 2.144 uh daciisuiungu U-Cd <5 pg/g Cr (95% C.I 1.126-4.085)
(Table 15)
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WeENIFNINYAY ﬂiS@ﬂLLﬂSWﬂW%ﬂﬂ?W“ﬂ BﬂTiElIGI

iladuundsznsaanaasiunas B,MG uaz RiTSe wuh Tuwenaiii
B,MG 1,000 pg/g Cr #iaNugnvas RiTSe <-2 AaluSosay 44.44 nnnngu B,MG
<400 pg/g Cr (Chi square p-value = 0.023 (Table 16)) wazLiafmuane Odds tweze
T B,MG >1,000 pg/g Cr filamaitazwu RiTSc <-2 w3afianudsdaniaialsn
nszgnwiu Aalu 3.308 1 ¥asngy B,MG <1,000 pg/g Cr (95% C.I 1.355-7.000)
(Table 17)

wudefumandaiiiuamsanmnadsadeiuimens lungs B,MG >1,000
ng/g Cr danugnuad RiTSc <-2 Anlluspsas 58.62 WANINAY B,MG <400 pg/g Cr
(Chi square p-value = 0.003(Table 16)) uaziilodnaem Odds LWﬂwmjﬁ‘ﬁfr B.MG
>1,000 pg/g Cr iilomanazwu RiTSc <-2 w‘%aﬁmmLﬁ'ﬂx‘wiammﬁmi'sﬂﬂsz@nmu An

(W 2.862 wh 289ngu B,MG <400 pg/g Cr (95% C.I 1.535-5.335)(Table 17)
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Table 16 Distribution of subject number according to BQMG and RtTSc groups

B,MG (ug/g Cr) Chi-square
<400 400-1000 >1000 Total p-value
N % N % N % N %
Men
low risk >-2 77 179.38 16 69.57 20 55.56 113 72.44 0.023

high risk <-2 20 20.62 7 30.43 16 44.44 43 27.56

Women
low risk >-2 101 66.89 28 62.22 24 41.38 153 60.24 0.003

high risk <-2 50 33.11 17 37.78 34 58.62 101 39.76

Table 17 Odds ratio of increase osteoporosis risk according to BzMG level

<400 400-1,000 >1,000
Odds  95% C.I.  Odds 959% C.I. Odds 95% C.L.
Men 1 (Reference)  1.684 (0.610-4.649)  3.080 (1.355-7.000)

Women 1 (Reference) 1.226 (0.614-2.449) 2.862 (1.535-5.335)
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Ui 5

anuUsraua

P o @ o - & P v
LlﬂﬂLNﬂNlﬂuiaﬁgﬂuﬂﬂWUNﬂqiﬂuEﬂaunﬂﬂﬁlaa\j LINABNAIINNILUIUNITININ

u
&

aaannssu liawws msulsglvezdiannsailng mwuuwuﬂmiﬂmﬂauawawwuw
mIaﬂ Tudse mﬁl‘namumsﬂmﬂauﬂam NBUNTRN 9IWIAGN ml,ﬂuwuﬂaﬂiau
wihan Lmunmﬂ dszduuaadsnagluduifuniidinasmy Mnmsdraniuatl
w.ﬂ.2547Lwaﬂixmus:muuﬂﬂmﬂu’luﬂaanx(UmCd) amﬂummmzmumﬂmuauwa
uaaisnayans Wisuiiauiuamseds i 5ug/g Cr Fudlustauiiinanudeens
Wnawendamwaaeviale 5 winijmﬁﬂuﬁ'uﬂajumuqu(mrup, 2002) wuiissnnsig
U-Cd >5pg/g Crinaas 7.2 wan 554 o Wt w.e. 2547 waziisnnudingudy 663
518 Tumsd523U w.d. 2550(Swaddiwudhipong et al,, 2007) UszmnsumanillaSu
meﬁﬂm’mmsu%‘[nﬂmmaﬁw%m'luﬁuﬁ T(ﬂmaw'n"ﬁrﬁ}qﬁﬂ'tiﬂﬂ%mmmLﬁﬂumnémih
mavauaamuam LuaﬂuusTnﬂﬂnwﬂutﬂaummunmlmmmmuauLmlﬂawamaaiu
$19me Tnsmwziduuasla ammasuﬂumeuﬂmavamﬂuﬂnnqmﬂaqma’lmnmwmﬁ
amwaamiale waswendamwiy q fdada
Iumiﬁﬂﬂﬂﬂ%’lﬂ‘ﬁﬁgﬂﬂﬂ‘itﬁ&]ﬁﬁﬁﬂlﬂﬂ’]‘iﬁﬂHWWEl’l%ﬁﬂ'm‘zlaﬂﬂ‘i”ﬂﬂLLﬁ‘”ﬂﬂlﬂﬂTﬁ
Lﬂﬂwmﬁammmns s@nluise mniﬂlmuﬁwmmmman‘luﬂimmm loawmwzlu
sz mnsmmamﬂmw 50 T deilamudsedanendaninasnss £qn (Akesson et al.,
2006) Ussmnshannida@antssmnsanuansdrsaaluil w.d. 2550laeldan
uaadionludaanzduidiassdumslasuduianouana daidaneitssnnsiiiasgu
waauiioyludaanz (urinary cadmium) > 5 pg/g Cr Fuluszdudngaiiunnndsens
Woawensamwiuniale Wy “nguidue ﬂ"iLaéﬂﬂamﬂmﬁﬂﬂuﬁaaﬂwaqnejmﬁ'mﬁﬁh
U 8.33 pg/g Crluwens uas 9.90 pgrg Cr luwandls (Table 8-9) wiaidums
Wisudisunensamwiiieadestuuaaianiulsemnsililduduisuaafe oK,
Aadanamariasiiaglugnauaiden usagnanniuivudauuaaiion-15 Alawes
Wy “nduaruan” Salidnwmzmalssnnsadeadei asasedunand snludaans
iaUstdivsedunaaidaaitazanlusames wut naneIuAunnauiszaunaaiianly
Jasnz sin 2ug/g Cr(ANARHWATIY 0.80 pg/g Cr URsIWAWEAN 1.27 pg/g Cr
(Table 8—9))LLazﬁﬁh@iwmnﬂzjuﬂ’mquafiwﬁﬂ'ﬂéwﬁ’agmqaﬁa (p<0.001, Table 8-9)
e msanmsguyn’ %mﬂmméwamﬂ@Lﬁﬂuﬁa:aﬂuéwmauquﬁ wun lu

e iisaazzavdguynilndidssiuseninngudssiunduauay (Jasas 45.95 fu

]
o ool

Souaz 41.00) Budniulumandeiiidesazueaiguynilndidssiusswhangadoeiv

o
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NANAIUAN (30832 16.90 AU azar 13.13)(Table 3) LLﬂmuﬂumﬂmia‘uummlﬂﬁ

mewlmuauwawaﬂ"[uﬂsumﬂ'ﬁﬁnuuaam

Tsadszianen

‘[sﬂmmw‘lﬁawmwmmmmﬁﬂw:mnmqnus mwﬂamﬁaq NUNFUAIUAN
ImﬂLWﬂmﬂnauLa‘mummﬁﬂiwmmﬂu‘[awmammﬂusaaa“ 48.65 (iguiunguaIuax
N3aaay 29.00 (p=0.008)(Table 5) 'mLﬂuwamsﬂﬂmwaamﬂamﬂuwamsﬂﬂmnau
‘wmuw‘wmwnwlmuammmﬂmﬂmomﬂmaqnuiﬁﬂwaamaamuamﬂq sammalsaany
auladingedz uaﬂmﬂuuumFmmm’ziaqm’mﬂiv’mimuﬂulma gydudaanizlu
LWARE ﬂwm"unamﬁ'mummzfnwaﬂsﬂuﬂulmua mqmuﬂam's”aﬁmﬁnaumum
(3888 6.34 vs 1.89, p=0.074)(Table ) maaﬂﬂaamuwanﬁﬂnmmaq
swaddhiwuddhipong (2011) (Swaddiwudhipong et al., 2011) fis UM IRF LB
lumadulaamslusznnsiilaSudusauan o

ANuYgNYBIMsiidsziGnszgninlulss mﬂsﬂauuwmmmlmmnmmu
Tﬂamwnw’lmwwmnauLﬁmnﬂswamnswﬂn*ﬂnsaﬂau 13.38 L‘Iﬂ‘ilUﬂUﬂaNﬂ?UﬁN‘niﬂﬂau
12.58 (Table T)LSJE]G]W'li’liJI,GIB'i‘nLﬂE!‘]‘ElENﬂ‘Uﬂ'l‘SLﬂJGI’!‘UBaETN‘&IBQﬂ‘S“‘GIﬂ A8 serum
calcium (S-Ca) wuhen S-Ca lu ﬂamﬁmnmmaﬂmmmaumuﬂuamwuaa‘mmm
luwemauasiwanda ((wame 9.71 vs 9. 38, p<0.001 (WANMN 9.67 vs 9.49,
p=0.006 (Table 8-9)) uJuvnaﬂgmmmmmmsmumuaaamjaqu,l,ﬂamﬂuwmﬂmqnu
sxmwﬂivmniaaqnéuﬁ %qaaﬂﬂé’mﬁuwamiﬁnmﬁauwﬁwﬁﬁwuiw Uszmnsiilasu
mewmm LEJE}SJWEI'IﬁHﬂ'lWﬂUﬂSuGIﬂiu@]U S-Ca aziimaiisdududadiufunsadg
Luaﬂiuﬂﬂ I@EILQW'I“’IL!ﬂﬂJJ?iBQNﬂ]ﬂIiﬂﬂiuﬂﬂ‘W‘iu (Aoshima et al., 1993)

anuiaUnfraslindonustaziin@ananm m'sa‘swmﬂLaamwwﬂﬂﬂatﬂuwm%
amwanﬂsvmwmmnmwmﬂumﬂmuaumauﬂﬂLuam E[ummnumsquwmuwmm
ﬂamﬁmum MCH mwmwﬂaummuamquuaﬁmm (27.66 vs 26.79 p=0.025 Table
11) u.am’l'ﬂmumaﬂumvmﬂLaammmnmqnummwﬂszmmmaaman nIauAALEwN
uwansmuwaniwmumsasmuﬂLaam um‘smaummuﬂﬂuauwuaammmmmmmu
ANNAUNfYaREaA 31mmwaqnu molecular characteristic 284 wAaLHaN (Cd™") ﬁ
ﬂmﬂﬂummman (Fe™) mLUua\mﬂivna‘umai‘mm’[umsaswmmaaﬂ (Horiguchi et al.,
1994; Park et al., 2002) maumiavau'aamﬂmuw‘luiwmmwumnwu danalinisge
Fuuazld Fe”iinduliindsedninmn sumeliamusa Fe* lUlHavi Idnsadg
Hemoglobin #4¢a11# Fe™ lumsudaiianuiions aﬂammmuﬂmmwmmummmaq
msiia Aernuiiodnduadladiauandonazanaunsliida pr0x1mal tubular dysfunction
Luaqmﬂlmﬂummmmwmwmw erythropoietin #tTu hormone ignFaeiumsatag
Wiadaawa(Horiguchi et al., 1996) lsuaailsndaliAanensamnrala Wi la
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M58 erythropoietin AAA wazdsualimsaadiadaauesiianuiaund (Nambunmee
et al., 2011) Azlafiean JadludnwendanwniiinsazdasiimsiamuihssSely
Usznnsnauil

wendamwrasale

wensamwaassladuiunwnsanwndn & amuaqmmmmuﬂua auaa‘nlmﬂu
waﬂmanmsavamaaaumivmmr}qm uaaLdznn e oxidative stress ‘ZI‘L! v organelle
melugadgnihas laawwizludiuzamiale (proximal wbule) vivl¥zad proximal
tubule g tineanuiaUndludalaseade uazuthi sssunselddrssameinmulums
ﬂq%mmgumwaq proximal tubular  dysfunction 1¢f TunsinmeSeiildsedua
B,Microglobulin (B,MG) %mﬂu Low molecular weight protein ﬁmwwu’luﬂamumfja
iawandaninweasale laaszauiiudaedarnimsiinedanneasrialads 400
ug/g Cr(Kobayashi et al., 2006; Shimizu et al., 2006) FasalEmMsSnlnnSuNn
Undild luasseduiisanensamwaawialafiiasuuuuans o AD>1,000 pg/g Cr(Kido
et al., 1988) laidmnsasnwlvinduandulnalaiiiansiany BMG Tuszaudanan

1uﬂ']3ﬁﬂ‘l:nﬂ%;Qﬁﬂ‘ix‘d“rﬂiﬂ@:ma'ﬂﬁﬁﬁ’lmsﬂ B,MG mnniingumuaualune
DIUBSWANY ((WARE 4,697 vs 739.20ug/g Cr, p<0.001 UdstWAW 4,126.05 vs
409.88 pg/g Cr, p<0.001 (Table 8-9)) ﬁﬂﬁ’;\‘lﬂiz’mﬂ‘iﬂéNLéﬂﬂﬁWﬂﬁgﬂﬂWWﬂaﬁﬁalﬂ
WUUOMISHATY (B,MG>1,000pg/g Cr) Saua: 43.66 lutweany uaziasas 35.46 lu
wandagenindsznnsnguaiuquageiiadidny (p<0.001, Table 13)tWameaniisz@u
U-Cd >10pg/g Craziilamanwunwendanmwzaanialowuuansandlu 25.729 wh iauiu
m-iuﬁii U-Cd <5ug/g Cr(Table 15) LﬂuLﬁmﬁ'ﬂuLWﬁmﬁqﬁﬁU Cd >10pg/g Cr i
lamawuwendanmwasalowvuansaandy 5.412 uh LJJEJL‘HEI‘LIﬂ‘UﬂaN U-Cd <5pg/g
el luisy mmﬂauLﬁa\mmnﬁﬁﬂmLﬂﬂwmﬁamwaawalmwua 3y
anuduiuslosasaiuszauuaadianludasny Feiaflutishnssuumsmeasingle
MAsdasiumsiauasle axfienufiaUndeun a1 Wy M3AIUAN electrolyte 1u
TNME MSAIVANNMUBATNYBINTUF 1158319 erythropoietin (Hudy Faazdanaiia
mméﬂﬂummﬁmkﬂnssgﬂwqu 15an52@n1iaa (osteomalacia) Mazlafina Tsala
(glomerular dysfunction)uaznznulnruins mathszielsaitiondaeiunendaninaag
vialadeilanudntu TeswmwizadhadenslddaTamenniiiane b lumsuaaans
tﬂ%‘ﬂuuﬂma‘%ﬁﬂmceimc&iwﬁ'umaﬁriauﬁ%ﬁﬂﬁmé’:auuﬂaﬁzé’mﬁaLﬁ'auamﬁﬂ%ﬂ
walins3nwwenuna THUHUNITOUAFUNTW dusinmsiiawndaniwenns uazlsn
Haussitasiaguluaiaa suazudsloninamsiivaunwiiavanlszmns msan
mszAlghelinuasauaiiuasssuunsinvnentnazaslssme
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wm%amwwa\m‘sz@ﬂ

wnsamwaasnszgniiuwendamwiudiasmnmsleSuduiauandionlultinm
g wubhdithelsedla ala ludszmadilu flanisnszenian (osteomalacia) a1y
A3E@NWIU (osteoporosis) Tasfiwensamwivvialaziinanisiiadu adalsfouszduns
losududaunaiiionlugithalsadla 5lo wuiiidnnnnh 10 ng/g CruNewuiiszauy
waaiznlulaans »30 pg/g Cr(Kasuya, 2000) Faduszdumsiudlauilinuly
vnmbu q vulan aaiwl'sﬁmuwm%amwwaqm:@ﬂﬁlﬂumansxmuf‘;ﬁﬂmuﬁmﬁszﬁu
MUz AmIN umsanmyag Staessen et al (1991)(Staessen et al., 1991) waz
Schutte et al. (2008)(Schutte et al., 2008) ﬁwuimﬁ‘szﬁumilﬁ%'uﬁ'mffau,ﬂﬂt,ﬁﬂuwi'ﬁ
nadedad 2.5 ng/g CrﬁwuL‘éuwumsamawmmaﬂﬁz@ﬂua:mmuaﬁﬁuﬁ ané
YBINIEAN

Tumsdnenilii 1 3 asesadamanse aniamnudunuaiseianssaniin e
’Lmﬂummmmawu‘lumsﬂﬂmwmﬁammaqnﬁw@n lagliwuanuuandanugnuns
ﬂ’liuﬂi”ﬂﬂﬁﬂ’iu‘lﬁ?’]\ﬂﬂauLﬁE}\‘ILLa £NANAIUAY (Table 7) MSAINIANIANTzgn [Hmada
Quantitative Ultrasound aaiilumaiinfifiamumans zanlumsasadansaelsanszgnuyu
mmimmnqaﬂsvmnwaugmmaaqmwmmmauﬂ‘s uazlduanszgnuasduingaemn
(ReSI) tHuaauslunsenme T-score idiasnndiunineiiotazass snsaIulvg)
LLB”NWE'JGNH‘EIENﬂ‘liL‘LlaEIULLUaQ?J?Nﬂ'iuGIﬂ dravsldlumsitiumunurasmsasaiauia
ﬂ‘iu@ﬂ@l’mmﬂuﬂ Quantitative Ultrasound (Oh et al., 2013)

mmaamammn’luﬂi “li']ﬂ‘iﬂﬂWﬂ'ﬁﬂﬂ‘I:l’lﬂ\‘iaﬂluLﬂm‘ﬁﬁ daliiilsanszgnwsu
mm!u (T-score <-2.5) m"lunamﬁm (mmaa (WAZIE ~1.45 Waz (NANAN -1.66
(Table 10) LLa”ﬂaNﬂ’JUﬂN (mmaﬂ IWAYIE -0.68 az LWﬂwm 1.20 (Table 10)
ElEINISﬂGﬂZJLNE]LU‘SE!UL‘I‘IEJUWILQGEI T-score 5¢MINNGN WUNUWATY U LWAVEIN
namﬁﬂwmmaamam mﬂmﬂ’nﬂaumum (MR8 WATE ~1.45  vs -0.60,
p<0.001, (WANMIN -1.66 vs -1.20, p=0.009 (Table 10))1Ji‘zmﬂfa‘nquLﬁﬂqﬁiamawu
T-score <-2 Aoy 1.589 whlutweazs uas 1.207 wnluweands dswSsuidsuiu
NANAIUAN (Table 13) Lﬁaﬁhuuﬂﬂszmm'aaﬂmmxﬁ’uuﬂmﬁﬂuluﬂaanx (U-Cd) f
WU A1 T-score (RiTSc)iimanaadudadiufuseeu U-cd fdfiuannauy Tazawsly
NaN U-Cd >10pg/g Critiien T-score Gi"1n’hﬂz~iu U-Cd < 5 pg/g CrnalUtWamauas e
Wi (WWAZY -1.82 vs -0.80, p<0.05, LWANEN ~1.90 vs -1.20, p<0.05, Table 11)
annaiial#msnedeuns T-score 7t -2.0 Wussduiedamstanudssmsiiolsanss 2@n
WK (osteoporosm high risk group) LWBLLUQﬂaNﬂ‘ivﬁ‘m‘mWU’n ANUYNYDY T-score <-2
;Jml,wmuuma U-Cd meu (Table 14) lagawiy 'luﬂau U-Cd >10 pg/g Crwud
ANULAYDN T-score <-2 MANTINGN U-Cd < 5pg/g Cr VIQIULWWWIEILLE!:LWHWQJQ (Lwe
M8 3809z 45.00 vs 21.15 (WA 3089z 52.83 vs 34.06 (Table 14) Aoy Odds
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3.050 way 2.144 (Table 15) lutwansuazwandNmuaIau udasdalsznnsiisyeu
U-Cd >10ug/g Cr filamawu T-score <-2.0 (11 3.050 h ¥84NgN U-Cd >5pg/g Cr
Tuweams uaz 2.144 whluweavda
Naﬂ"!‘iﬁﬂ“l:}’lﬁﬂﬂéﬂ]LLﬁﬂﬂIﬁlﬁuﬁ\m’.]ﬂﬂiz(ﬂﬂﬁﬁﬂﬂﬂaﬂaﬁﬂﬁiutﬁ‘ﬂﬂchjal,ﬁﬂ‘uﬁ"l_l
Usznsonde uasmsilszauuaadianlulasi: >10 pg/e Crasdiuamudsslumsiio
Tsanszgnugulusuiaanslumansuaziwandgs Sefinaitgnadastumsinuly
Ussmeduiidssdumsldsududamanssansamiu luiiudloy fiseeu U-Cd >10
ng/g Cr‘[mﬂwuiwﬁmmL?;m?laq'lfiﬂﬂsz@ﬂwqmﬁu%u 2.57 wiudlaufisufungy U-Cd <2
ug/g Cr(Jin et al., 2004)
fuwidinanszgnassaanaiasiidriadabitiunhedsdaaslsansy LQANTU
LammamﬂwﬂLaaamaqﬂsummlmmwumﬂwu Sefunliuiionaasiinendanineas
nsegauiinau aang iy ouszdadadanumwiiouasiiamazasnwmneua ms
Innsimamamsiianansanwaanszanlulszmninguiisedassedidiumsiita
hinlddsznaumsnausumssnsneuna f?qé’ﬁumammuaﬁammms@ﬂ FIRITRELHY

ADILULADLTEY mmuaaamaﬁmﬁuﬁtﬁmﬁ'aqﬁumiﬁmuﬂmﬂsz@ﬂ

mwﬁ'mw‘"uﬁ"szwinwsnﬁamwﬁa‘lﬂﬁuwm%amwmzrg}ﬂ

wndanmvislafiieduiasnnmsléduduiawnaiion fimsauaindusung
ﬂaqmﬂﬁﬂWﬂ?'ﬁﬁﬂﬂwwaﬁﬂ’izﬂﬂ(Jin et al., 2004, Nambunmee, 2014; Ogawa et al.,
2004) LuaqmﬂlcﬂLﬂumﬂ'svwmwuwﬂmﬂammamm (Ca) Mnaans ilafiwendanin
Wadussdimalimsgandu Ca amas vliszdumes Ca lussuulnadouidonanas
'i'wmﬂ?ﬁ\mﬂLﬂdaﬁ"mminﬁum‘sazmmaqni:@ﬂ vlinanszgnanas dnnaladiveden:
Tumsafiaiiud active metabolite %@ﬁaﬂtﬁumi@m%n Ca MINMAUGUDIMS Fudams
a:auaaINIvgn Lialagniaia vimin D active metabolite §iN3a3199089E4HAAAMS
QABN Ca MINMALHUDIMNS Li’jamogmszﬁﬁxmzinLﬁm”mﬁunwsazawamaqnsz@ﬂﬁLﬁu%u i
dwnalitinlsanszgnwguludssnnsilésududawaaiion Ussansiivsesalasududs
meﬁﬂﬁqﬁmﬁmsﬁnmwm%amwﬁLﬁm%uﬁ'umz@nﬁgmwit‘%mﬁnLﬁaﬁa:’mumuﬂﬁ
quasnwneuialsanszgnwyusy

Tumsdnwiadail tfiau,u'qnduﬂsxmmaamﬂuﬂéummvé’uB MG (Tu <400,
400-1,000 uas »1,000 pg/g Crnuha@dsnas T-score fiunlinanaaila B.MG
dianngu Reluiwenauasinands (ANOVA p-value 0.002 uaz 0.008 MUY
Table 14)Fdnauidaiumsdanzvlagls Chi-square test mmmﬂqnwaqﬂizmﬂsﬁﬁ
T-score <-2 w%ai:ﬁuﬁﬂqﬁqmsﬁmmLéaqiuﬂwstﬁmisﬂﬂs:@anu WUNANNYNYBY

Uszensiiil T-score < -2 (WaaNnduiiiaseiuaasB MGy (Table 16) lagamzly

ngunil B,MG> 1,000 pg/g Cr v3aszduiiiadanensanweaialawuunons ieanugn
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23M il T-score <2 Anilusagas 44.44 Tuinezne waz 58.62 luwemdjasnnningu
B,MG< 400 pg/g Cr uasiiA1 Odds 3.080 luwema waz 2.862 luwandis (Table 17)

uuda Ussnnsiwdmeiil B,MG> 1,000 pg/g Criillamaiasny T-score <=2 (il

=

3.080 winilatigufiunguiisl B,MG< 400 pgrg Cr wwdaniululszansinanden

b
"

B.MG> 1,000 pg/g Cr faziilamanu T-score <-2 (U 2.862 whilaiiauiunguii

22

B,MG< 400 pg/g Crudasliiiuimsiiawendaaalanuy flimansznudanIanszgnuas
anudmlumaialsanszgnngu Tuldszmasidnmniiinendanweamaladanudo
lumsiialsanszgnwsu

¥ v

nansdneluaniidanadosnunamsdntues Jin et al. (2004)(Jin et al.,
2004) ﬁwuiwﬂszmmﬁlﬁ%’uﬁuﬁmmmﬁauuaxﬁwm%amwwmﬁalmﬁﬂ%u%ﬁmm
Lﬁ'ﬂﬂumiLﬁmisﬂnss@ﬂw';mﬁu%u agndvsday logld B,MG> 500 pe/g Cruaz N-
acetylglucosaminidase>12 unit/g Cr {udaSaymaiinmwiiedemsinendanineaale
uazmsdnmaanandanuiwendaniweainsiala (glomerular  dysfunction)  laidl
anuFuiusiuMsiialsanszanngu

ladhieSmnziichdnlumsmuaummuaiausinaiioy uaznszgn Wuaiesi
yimthiflumsa$a vitamin D active metabolite tilalacuiinensanm dolsaansuen
usdsuaanszaniiiaund i lvangazasuradeuluszuulvadoudanliauaa thiams
azagnszaniiazasuaadaniisideluainmshonurssdeifioUnd sudunhie
mwmmmﬁ:éwmﬂa:wL“Hﬂlé’uamﬁﬂLﬂuTSﬂni:@ﬂmuiuﬁqﬂ agalsnaunaln
danan dalididaagUiwiie wszlunmansdnminuihlildmmensazaranszgn
iRy m‘sa%'mﬁaﬂisg}ﬂﬁﬁmiw‘\‘;uﬁué’wmuﬁ’u winuamsaaiianszgniula
auysalliiuna@oniulululinanaeuilanszaniiadegulmi mlinszgndauus e
Uudnunensz@nuan (osteomalacia)(Aoshima et al., 2003) Feianuuaneafiuduiy
ssouzaauaniisniildfududs anusuusamsniamnaaniala mnansassyle
Fawuhnalnmsifawndanmnwessnszgnludsznnsinadachunalnlafazannsathin
Musumsquagznw Tulsznsnguideld

Tumsdnwdaluluili 2 Sedusumsdnnlussduinai veammusdausa
nsr@nuazimfiuiitieia Wiednmnmsahaiiansign warmsazaanszanlulsanns

nauiid manszgnitialdund wailuszivesduaiinlddziamennn fdanulea

MSNAWENSIMWaILaszauasuuimsuasuulasadelstne aasnauniswenuaday

waﬁmﬁu17‘;Lﬁmﬁ'mﬁ'uwm%amwwmnszgﬂ 01 1@y maRigninnuhszauiniuiiag

lusmezangudsdidisawafazaunsonaununmsinm Tagliafivasudiy

Usznnsnguiliiieaawnsamwinsidoauluainaald
mangmﬂué’aﬁ%’mﬁ:ﬁwm’l%'tﬁmi\aﬁqm‘lmﬁim’l,unm,ﬁﬂiiﬂﬂiz@anu wazs

Jiadelsanszgnwiu asulsfiouwalanimswfeuwaswenszgnauivszduiinaasean
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ﬁammtmn@hwaamaﬂsxgﬂﬁ"ﬂ%’s:aznmm’mm“lumiu,am Tunsdimsthszislsa
Lﬁa"ﬂaqﬁumitﬁmwm%amw?uuw Jdasdnmuardadandaiaiidenylidanasen
waqmmuaﬁamaqm:@ﬂLﬁa“lﬁﬁmuﬂuﬂ'm‘gaﬂizﬂaumi@Ltaqwmw"lﬁﬁ’umstﬁ ol
‘f]aqﬁ'um'ﬁtﬁﬂ‘[ﬁﬂﬂivﬁmwsu“luﬂs:mnsﬁlﬁ%’ué’nﬁmmmﬁamasmﬁﬂs zaAnSaIn
msannTulil 2 FoeusuiiaglFddSameinmn o M aieaensay aEPBINITEN
ﬂ'lSEﬁNl,uaﬂ‘i”ﬂﬂ M UBATNYBINHUR wazmTNeuadaurasioniiue wialy
mﬂaﬂalnmimmwmﬁamwwaaﬂs:@ﬂ audsazuduaa Y

anailuiivyasuwaaiionluwang

wendamuiiafunss Qn Lsanszgnwgu dnaswulumandennnniniwans
insnndedaduaasluy mscansssd msgaidadanlunmsivssindau mldhemai
ﬂ’J"IBJLﬁEIﬂUﬂ’]‘SLﬂﬂI‘Sﬂﬂi”@ﬂll’lﬂﬂ'anﬂ?ﬂEI (Nishijo et al., 2006) msAnwlulszansg
wlmuaumauﬂmuam’nmﬂu awuifihalsedladla aulvaiduwendia(Aoshima et
al., 1988) amqlsnmﬂummnmmmuwamsﬂﬂmwmaﬂmmnmqmﬂﬁmmﬂmu
3 wunM Use mnﬂmﬂﬂﬂmmgwwﬁmua suwandiiinnudaadanisiialsanss Z@n
WuLdeniu Galy Table 10 FauaaadT-score UBINTEQAN WUTIAIT-score maqnamﬁaq
Lwﬁmaummﬂtnnaumuﬂuammuﬁﬁmmmmqma (LtTSc)  waz219277 (RtTSc)
lozwwizlunguitiiduandanlulagns (U-Cd)>10 he/g Crilfaie ReTSe -1.82 6
NINGN U-Cd <5 pg/g Cragnafidad Ay (Table 11) diadtaneihutunensanneas
N3EANAWU aeazuaelseansiie T-score <o 9 mmmmsummmmmaisﬂniwﬂﬂ
WU NLLU’JT‘HNLWZJsJ’lﬂ?JuLNBNWEJTSHﬂ’]W?JE]\iV]E]lG?LWN?IH (Table 17) Lﬂu‘ﬂmauh
Waennmsdnwiasiuuty WeNSdNIWYBINTS @mmﬂmﬂumnmﬂmuawa
LmﬂmemnaqmmaauLﬂﬂTuﬂ‘swmnimewquﬂwaﬂ ualuusznnslneidnmadail
ﬂauwumwamﬂLamummwﬂﬂnmwaqman‘smﬂmmu ‘mawtﬁumwmﬁ'aﬂumstﬁmT,'iﬂ
nszanwsulelusuag mﬂ‘ivmwamﬂmuﬂummaﬂ iy TuﬂwsLﬁlwsvaqiiﬂTuﬁlﬂiu
dudauaaiiaudadoinisaiunisnelundsauas sunands Snnanalnaduny
ﬂ'iwngmsmmﬂanﬂmsﬁnmul:itmmauszmwmemﬁawiﬂmwwamwmﬁamw
vaanszgn aunzlilumsmasuguagumwsnssnanguiise lluawan
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uﬂmﬁﬂuﬁa:auagluiwmﬂwmﬂ‘ssmﬂ'ﬁﬂEjmﬁ'mﬁfjuLﬁaﬂ"lum‘sﬁnma%’iﬁﬁ Bl
lunasinaliidermudsiamsifewenzanmsamalawuuns Senuhiinanssnuds
ﬂ’l‘iLﬁﬂIﬁﬂiuﬂix‘ﬁiﬂiﬂﬁiuLémﬁl“gﬂLQHLﬁBLﬂ%ﬂULﬁHUﬁUﬂijﬂ‘mﬂu ldun anuiadnd
soamsanudindan Tsaanuiulaiiogs i lumadulaas neliAownsamwoaia
1o uaznszgn ﬁi}ﬁ’ﬂ'ﬁtﬁiNﬂ’J’lNLéﬂﬂumilﬁﬂw&l’l%‘ﬂﬂwwmﬂ‘izﬂﬂuaﬂmﬂ‘i"ﬁumﬂﬁ‘%’u
CHDRGIG RIS wmmmﬁamwwm‘nalm:Jmmauwuﬁ"[ﬂamqnumaﬂi zon lag
wenSamwiligdasiuuaaiifonty wulslumeanouas IMANEN Teuandeanga
msdAnwlulsznnsngudu dasiinsdnviiteasunsunngmsaidanan auawavuﬂ,ﬂa
ﬁaawanwnaimﬂmwmﬁamwwaaﬂivmﬂ’l,uﬂivmﬂs'mﬂwawlmuauwmmmmm Fatiu
mmium?mumul,ihﬁvwisﬂmﬂmwaqnumﬂmuammm@maumlmw%wua AW
wily aaseulimsdusiuguawiiaananudefiasifaiy suardrioingumwiie

“aaqﬂ‘svmninauuLta.,ammii‘.iﬂmummwualuam Ak

MM ITUMIINTRUszaee

E Lﬁaﬁnuwnalﬂﬂwitﬁmiiﬂﬂs:g]nLﬁaqmﬂmiﬁuﬁauﬂmﬁau
Table 7, Figure 3

2 Lwaﬂu%ﬂﬂﬁmﬂLW:Jﬂ’J’lNLﬁEI\i?IE]\‘ImiLﬂﬂI‘iﬂﬂi anlutsennsitimsduiaunauon
MATERES
Table 1-6

3. Lﬁaﬁﬂmmmﬁuﬁuﬁszwiw vitamin D metabolism, vitamin K metabolism, Wen3
anmaadle fu anudsdlumsiialsansygn
Table 12, Figure 2 wazetiiunmsluili 2

4. Lﬁmhu,un{fﬁﬂLﬁumnmﬁ'ﬂwmmﬂﬁﬂhﬂnix@mﬁammﬁaﬂmﬂ%’amu,wu
dasiumsiialsanszgnludszmnsitdudauaadon wazaamlfnaiifionnms
%’ﬂ‘mwmmatf‘;éqmnkﬂm:@n
Table 10-17

5, LWB‘U‘S»LNH‘L@ULLF]EILNEINﬂﬁ~ﬁﬂ1u51ﬁﬂ18ﬂ64ﬂiuﬁ1ﬂiﬂﬂ?ﬂ8981UUiL3mﬁﬁﬂ15
Vuillauuaniloy
Table 8-9
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UANENAUTENINFuLEee fungumuaun lunaziidwasdudsimsudodoann
WU A1 EO%, MO% uay BA% 1uﬂEjlltﬁlﬂ\‘tflﬂr']Lﬁéﬂéjﬁﬂ’j’lﬂfiuﬂi}vﬂu (EO% 17.98 vs
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Table 18 Mean comparison of blood parameters between exposed and non-exposed men

Exposed Non-exposed t—test
Mean S.D. Mean S.D. p-value
RBC (106/111) 5.15 0.61 5.18 0.61 N.S.
Het (%) 43.88 4.84 44,19 4.07 N.S.
MCH (pg) 27.49 3.67 27.38 3.77 N.S.
PL.T (103/u1) 235.20 56.29 219.13 70.24 N.S.
WBC (103/u]) 8.16 2.10 7.81 1.91 N.S.
LY 32.01 8.60 29.82 7.57 N.S.
EQ% 7.98 5.38 6.31 5.35 0.045
NE% 51.92 10.00 56.85 9.70 <0.001
MO% 7.17 2.06 6.45 1.94 0.021
BAv% 0.93 0.76 0.57 0.56 <0.001

RBC: Red blood cell

Hct: Hematocrit

MCH: Mean Cell Hemoglobin

PLT: Platelets

WBC: White Blood Cells

LY: Lymphocyte

EO: Eosinophil
NE: Neutrophils
MO: Monocyte

BA: Basophil
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Table 19 Mean comparison of blood parameters between exposed and non-exposed women

Exposed Non-exposed t-test

Mean S.D. Mean S.D. p-value
RBC (10°/ul) 4.74 0.56 4.80 0.55 N.S.
Het (%) 40.63 4.07 40.19 3.40 N.S.
MCH (pg) 27.66 3.09 26.79 3.46 0.025
PLT (10°/ul)  258.28 69.02  246.80 59.50 N.S.
WBC (10°/ul) 7.53 1.89 7.29 2.13 N.S.
LY% 34.21 7.35 34.91 8.25 N.S.
EQ% 4.55 4.02 4.86 5.07 N.S.
NE% 53.71 9.08 53.87 9.78 N.S.
MO% 6.66 1.99 5.64 1.61 <0.001
BA9% 0.86 0.87 0.70 0.60 N.S.

RBC: Red blood cell

Hct: Hematocrit

MCH: Mean Cell Hemoglobin

PLT: Platelets

WBC: White Blood Cells

LY: Lymphocyte

EO: Eosinophil
NE: Neutrophils
MO: Monocyte

BA: Basophil
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Waltansiaanduiusseuindiwdsiimsinunlasls pearson  correlation

wu luwens U-Cd - SeanduwusiBeuiniu Age  (r=0.244 p<0.01), B,MG
(r=0.212 p<0.05),

(r=-0.223 p<0.01) FudeIAY B,MG Aiflarandu

p<0.01) (Table 20)

(WAVENWUI U-Cd

ALP(r=0.248 p<0.01)

ALP (r=0.517 p<0.01)

UWazHAIEVaNWUSLIZ9aUNY RITSe

a2

UazNAIFNANNUS T8 UNY RITSe

WUSLENBUNU RITSc

derandnwusidauiniu B,MG(r=0.495

(r=-0.181

(r=-0.296

p<0.01),
p<0.01)

wwdieniu B,MG Adidanduiusideauiy RiTSe (r=-0.187 p<0.01) (Table 20)

Table 20 Correlation matrix between age, BMI, urinary cadmium, BEMG, alkaline

phosphatase, serum calcium and bone T-score in men (n=158) and women (n=258)

Age BMI U-Cd B,MG ALP $-Ca R(TSc
Men
Age ~.314(**)  .244(*F) .2010*) 0.141 0.054  -.441(**)
BMI -.314(**) =215 N N 209(7) -0.089 -0.087 RBA[wy
U-cd 244(**)  -.212(*) ALTE A£2040C%) \Z30%(**)  -.223(*)
3,MG 201(*)  -.209(*)  .517(**) 158(*) 0.136  -.296(**)
ALP 0.141 -0.089  .204(**) 158(*) 0.028  -.246(**)
3-Ca 0.054 -0.087  .307(**) 0.136 0.028 0.033
AUTSe  -.441(**)  .324(**) -.223(**) -.296(**) -.246(**) 0.033
Nomen
\ge -.428(**) AN 2556 ) V7 221 0%) 138(*)  -.523(**)
M -.428(**) -0.102—=181(*) () ~151¢*) -0.029 AB5(**)
J-Cd 131(%) -0.102 A495(C*%)  .190(**)  .206(**)  -.181(**)
3, MG 255(**)  -.161(*)  .495(**) .248(**) 0.032  -.187(**)
\LP 221(**)  -151(*)  .190(**)  .248(**) 193(**)  -.207(**)
-Ca .138(%) -0.029  .206(**) 0.032  .193(**) -.131(*)
TSe  =.523(**)  .485(**) -.181(**) -.187(**) -.207(**) -.131(%)

* Pearson correlation coefficient significant p<0.05

** Pearson correlation coefficient significant p<0.01
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Increased serum heme oxygenase-1 in silicosis-suspected subjects from
limestone crusher factories.

@MW lu5815 Health Research
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Low anti-tubercular drug levels in newly tuberculosis infected normal
hosts

AWNWLUISES Asian Biomedicine

unasnu nsuaIuAulsA NSENTNIEISUE

High Cadmium Exposure in Mae Sot’s Population is Associated with
High Anemia Prevalence

ﬁﬁuw"‘lmwim‘s Thai Journal of Toxicology. 2011;26(1):29-43.
wnaanu dninnuanznsINMIMsaaudnuuiana
Cadmium-Exposed Population in Mae Sot District, Tak Province: 4
Bone Mineral Density in Persons with High Cadmium Exposure
ANnWlu19805 T Med Assoc Thai. 2010; 93(12): 1451-1457
Lma'mu Kanazawa Medical University, Ishikawa, Japan

Bone resorption acceleration and calcium reabsorption impairment in a
Thai population with high cadmium exposure.

AWNWLUNTENS Toxicology Mechanisms and Methods. (2010) 20(1):7-

Lmému Kanazawa Medical University, Ishikawa, Japan

Detection of Urinary Kidney Injury Molecule-1 in a Chronic Cadmium
Exposed Population, Mae Sot District, Tak Province

NuWluaNS Thai Journal of Toxicology. 2009; 24(2):72-80
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K, Swaddiwudhipong W, Nogawa K, et al. Risk assessment
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Thailand. BMC Public Health. 2014; 14(1): 702.

Nambunmee K. Osteotoxicity in the inhabitants of a
cadmium polluted area. Health Research. 2014; 28(3):
211-217

Nambunmee K , Danphaiboon A, Khantipongse J.
Increased serum heme oxygenase-1 in silicosis—suspected
subjects from limestone crusher factories. Health Research.
2014; 28(1):47-52
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tuberculosis infected normal hosts. Asian Biomedicine.

1 2013;7(3):407-410.

Limpatanachote P, Swaddiwudhipong W, Nishijo M,
Honda R, Mahasakpan P, Nambunmee K, Ruangyuttikarn

W. Cadmium-Exposed Population in Mae Sot District, Tak
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Province: 4 Bone Mineral Density in Persons with High
Cadmium Exposure. J Med Assoc Thai. 2010; 93(12):
1451-1457.

March 2010 Nambunmee K, Honda R, Nishijo M, Swaddiwudhipong
W, Nakagawa H, Ruangyuttikarn W.
HIGH CADMIUM EXPOSURE IN MAE SOT’S
POPULATION IS ASSOCIATED WITH HIGH ANEMIA
PREVALENCE. Thai Journal of Toxicology 2010.

Jan 2010 Nambunmee K, Honda R, Nishijo M, Swaddiwudhipong

W, Nakagawa H, Ruangyuttikarn W.
Bone resorption acceleration and calcium reabsorption
impairment in a Théi population with high cadmium
exposure. Toxicology Mechanisms and Methods. 2010:7-
13.
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Review Article

OSTEOTOXICITY IN THE INHABITANTS OF
A CADMIUM POLLUTED AREA

Kowit Nambunmee”

Major of Public Health, School of Health Science, Mae Fah Luang University, Chiang Rai 57100, Thailand

ABSTRACT: Cadmium (Cd) is a toxic metal which causes osteotoxicity including
osteopenia, osteoporosis and osteomalacia. Itai-itai patients were the best known typical
victims of Cd intoxication in Jinzu river basin showing osteomalacia, severe bone pain, and
high risk of bone fracture. These patients had been declared as having the most severe
osteotoxicity caused by Cd exposure. With the growing use of Cd in industry, more
populations at risk of Cd osteotoxicity have been identified. A model which explains the
mechanism of how Cd affects the bone will have an application for the management and
prevention of Cd osteotoxicity. This paper proposes a model to explain Cd osteotoxicity
which is classified into direct and indirect effect. The direct effect relates to an imbalance
between bone tissue synthesis by osteoblasts and bone resorption by osteoclasts. Cd
induces osteoblast apoptosis, and decreases osteoblast activity disturbing bone tissue
synthesis while it enhances bone resorption by osteoclasts causing low bone mass. The
indirect effect relates to decreased vitamin D active metabolite production in the kidney,
decreased calcium (Ca) absorption from gastrointestinal tract, and increased wasting of Ca
into urine by proximal tubular dysfunction. The long term effects of bone cells disturbance
and proximal tubular dysfunction cause an imbalance of bone remodeling with enhanced
bone resorption and abnormal bone tissue synthesis characteristic of Cd osteotoxicity. The
model of Cd osteotoxicity justifies the supplement of vitamin D active metabolite and Ca
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for the treatment and protection against severe bone pathology.

Keywords: Cadmium, Osteotoxicity, Proximal tubular dysfunction, Itai-itai, Bone

metabolism, Calcium wasting

INTRODUCTION

Cadmium (Cd) is a toxic metal which is a by-
product from zinc mining and industrial processes.
If Cd waste is discharged into the public water
irrigation system it can pollute agricultural and
living areas, accumulate into the soil and the crops,
especially rice and tobacco. The consumption of
contaminated crops and tobacco are the main
source of Cd exposure among the inhabitants of a
Cd polluted area. The absorbtion rate of Cd via
~ gastrointestinal (GI) tract is 5-8 % whereas the
absorbtion rate of Cd via respiratory tract is higher
at 10-50% [1]. Cd polluted areas have been
identified in Belgium, Sweden, Japan, China and
Thailand in which high level of Cd contamination
in soil, rice, tobacco and vegetable were reported
[2, 3]. The Cd in soil, and rice in these polluted
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areas were higher than the recommended level to
prevent potential Cd-induced detrimental health
impact (<3.0 mg/kg for soil and <0.2 mg/kg for rice

grain [4]).

RISK FACTORS OF Cd EXPOSURE

Factors that increase Cd exposure are smoking,
low body storage of iron (Fe), zinc (Zn) and Ca,
and pregnancy (due to increased Fe absorbtion) [2,
3, 5]. Smokers have been found to have higher Cd
burden than non-smokers. It has been estimated
that 1-2 pg Cd per cigarette is inhaled [5].
Therefore, less smoking in a Cd exposed
community would help to reduce the exposure by
causing less passive smoking [6].

Dietary Cd is absorbed in the GI tract by a
divalent metal transporter (DMT), also a transporter
of Fe, Zn, and Ca. Low body storage of these
essential metals (Fe, Zn, Ca) stimulates DMT which
in turn increases dietary Cd absorbtion [2, 5]

~ Nambunmee K. Osteotoxicity in the inhabitants of a cadmium 'pdllﬂted area. ] Health Res,
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During pregnancy the DMT activity increase to
facilitate Fe absorption; with increased activity of
DMT more Cd is absorbed. Multiple pregnancies
was believed to be a contributing factor in the
development of Itai-itai disease [6].

PATHOPHYSIOLOGY

The Cd exposure is related to renal tubular
dysfunction, anemia, diabetes, hypertension, gall
bladder stone, prostate cancer, lung cancer, and
bone disease [7, 8]. Cd is accumulated in the liver
and kidney with an elimination half-life of 10-30
years [7]. Cd concentration in urine is proportional
to its concentration in the kidney and is a useful
exposure biomarker. Urinary Cd level above 2.5
ug/ creatinine (Cr) is associated to an excess
prevalence of renal tubular damage of 4% and the
level above 1 pg/ Cr is associated to an increase of
osteoporosis risk [1, 7]. Renal tubular dysfunction
and bone diseases are the specific characteristic of
Cd intoxication. The most severe Cd intoxication
victims are itai-itai patients who had high Cd body
burden, severe proximal tubular dysfunction and
multiple pseudo-fractures with severe bone pain

[9].

Itai-Itai patients

The endemic of Itai-itai was found in Jinzu
river basin of Toyama prefecture in the 1920s [10 ].
Their Cd excretion levels ranged 10-30 pg/g Cr
[11] with increased urinary excretion of total
protein, low molecular weight protein, amino-N
proline, glucose and calcium (Ca). Their bone
radiological findings showed Looser’s zonmes; a
narrow radiolucency which transects one or both
cortical margins of a bone, and is a definite
indication of osteomalacia [12]. The proposed
mechanism to explain the osteomalacia among
these patients was Cd induced renal tubular
osteomalacia [10]. The kidneys are the production
house of vitamin D active metabolite and Ca
reabsorption site. Once renal tubular dysfunction
appears hydroxylation in the kidney decreases
which reduces the production of vitamin D active
metabolites [13, 14]. With the progression of renal
tubular dysfunction vitamin D active metabolite
production becomes more impaired, parathyroid
hormone (PTH) level increases, the absorption of
Ca from GI tract decreases, Ca excretion into urine
increases resulting in increased bone resorption and
finally bone damage [14, 15].

However, the above osteotoxicity mechanism
in Itai-itai patients could not explain all the
phenomena seen in other Cd exposed people.
Honda et al. found decreased bone mineral density
in exposed Japanese women without signs of renal
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dysfunction [16]. Engstrém et al. [17] proposed
that the Cd induced bone damage was not related to
inactivation of vitamin D active metabolites . On
the other hand, Jin et al. [18] found increased
prevalence of osteoporosis in renal tubular
dysfunction group. These informations demonstrated
the complexity of Cd induced osteotoxicity which
requires further explanation.

This paper proposes a mechanism of
osteotoxicity which is classified into direct and
indirect mechanism. The direct mechanism involves
a disturbance of bone cells causing increased bone
resorption, decreased bone formation and decreased
calcification. The indirect mechanism involves
renal dysfunction which is related to the vitamin D
metabolism and wasting of calcium (Ca) into urine.

BONE METABOLISM

Bone is a resource of Ca in human body which
is controlled by PTH, vitamin D and calcitonin [19
. 20]. Blood Ca is maintained by the balance of the
absorption of Ca from the intestine, the excretion of
Ca in the urine and the calcification and
decalcification of bone [21]. PTH increases serum
Ca by increasing renal tubular reabsorption of Ca
and bone resorption. Vitamin D increases serum Ca
by increasing intestinal absorption of Ca [22]. The
most effective form of Vitamin D is 1a,25(0H),D
which is produced by kidney cells from 7-
dehydrocholesterol in the skin and the dietary
obtained vitamin D. The hydroxylation of vitamin
D in the kidney produces 1a,25(0OH),D which
increases the absorption of Ca from GI tract [23].

At a molecular level, the bone remodeling is a
function of osteoblast and osteoclast cells. The
activities of osteoblasts and osteoclasts are strictly
balanced by extracellular signals to prevent the loss
of bone mineral and bone mass [24, 25]. The
osteoblast synthesizes bone matrix and deposits Ca
to the bone matrix, a process called calcification,
while the osteoclast resorbs bone by releasing Ca
into the blood circulation called decalcification.
Serum Ca is the main signal to control the
functions of these cells. Long term Ca wasting and
high degree of bone resorption causes bone damage
[21, 26]. Cd increases both bone resorption and Ca
wasting which are the risks of bone disease.

Cd INDUCED BONE DAMAGE VIA RENAL
TUBULAR DYSFUNCTION, THE INDIRECT
EFFECT

Kidney is a bone metabolism related organ. It
regulates the Ca absorption from urine and the
production of vitamin D active metabolite
(10,25(0OH),D). Renal dysfunction has been found

http:/fwww. jhealthres.org



to be a main cause of bone damage in Cd exposure.
The prevalence of osteoporosis, a low bone mass
and micro-architectural deterioration of bone tissue
with consequent increase in bone fragility and
fracture risks, was increased in proportion to the
degree of renal tubular damage. In Cd exposed
Chinese, osteoporosis prevalence in Cd level 10-20
ng/g Cr was 6.20 % compared to 2.41 % in Cd
level <2.0 pg/g Cr group [18]. The prevalence of
osteoporosis in exposed females with tubular
dysfunction was 2.81 times higher than those
without tubular damage [27]. In addition, Aoshima
et al. [28] reported that exposed women with
urinary Cd means 17.2 pg/g Cr (range 5.7-37.7
ng/g Cr) showed renal dysfunction and impaired
osteoid mineralization which correlated with the
development of osteomalacia.

The degree of bone remodeling among Cd
exposed inhabitants was also related to renal
tubular dysfunction. The results of study by
Nambunmee et al. [29] indicated a positive
correlation between bone markers (serum
osteocalcin and urinary N-terminal cross link of
type 1 collagen (NTx)) and proximal tubular
dysfunction markers (urinary B,-microglobulin and
fractional excretion of calcium). Horiguchi et al,
also reported a significant increase of bone
resorption marker (NTx) in exposed group (>3.5
ng/g Cr) when compared with reference group
(<2.5 pg/g Cr), and renal tubular dysfunction was
observed in exposed population [30]. They
suggested that Cd induced bone mineral loss was
related to renal tubular dysfunction.

When a vitamin D metabolizing enzyme
system in the proximal tubules is disturbed this
causes a decrease in vitamin D active metabolite,
1a,25(OH),D, production. Several studies of
Ia,25(0OH),D and PTH in Cd exposed inhabitants
with renal dysfunction showed the decreased
1a,25(0OH),D levels were closely correlated to
increased PTH and B,-MG levels [14, 31-35].

Tsuritani et al. [36] found that renal damage
due to Cd exposure led to a decrease in the serum
1a,25(OH),D level and an increase in serum PTH
which is in accordance with the study of Nogawa
et al. [34] who showed that renal dysfunction was
related to increased serum PTH and Cd-induced
bone damage.

The above evidences support a mechanism of
proximal tubular dysfunction as the cause of Cd
osteotoxicity. The proximal tubule is the major site
for essential nutrient reabsorption and it is the site
of Vitamin D active metabolite production. Once
Cd accumulated in the kidney reaches the threshold
level to induce proximal tubular dysfunction, a
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decrease of serum vitamin D active metabolite and
an increase of Ca wasting was found. The decrease
of serum Vitamin D active metabolite causes the
decreased reabsorption Ca from GI tract which in
turn increases the secretion of PTH. The PTH
activates osteoclasts to resorb bone, releasing Ca
into blood circulation. Another explanation is the
wasting of Ca into urine decreases serum Ca which
in turn increases the bone resorption. A long term
low vitamin D active metabolite and increased Ca
wasting result in the bone being continuously
resorbed which causes decreased bone mineral
density and osteoporosis.

DIRECT EFFECTS OF Cd ON BONE

In addition to the evidence showing a relation
between renal tubular dysfunction and bone
pathology in Chinese and Japanese subjects, other
studies also showed the clue that Cd may directly
disturb bone metabolism. Wallin et al. [37]
reported the negative association between bone
mineral density and Cd level in Swedish subjects
with kidney cortex Cd level at 22.9 pg/g wet
weight (ww) which is lower than the level required
to show renal tubular dysfunction at 50 ne/g ww.
Akesson et al. [38] determined the effect of low
exposure of Cd (Urinary Cd mean 0.52 pg/l) on
bone health and they found a negative relation
between urinary Cd and bone mineral density.
They proposed that Cd decreased bone mineral
density directly by causing the bone cells to
increase bone resorption, which was shown by
increased level of bone resorption marker, and
urinary wasting of Ca.

The association between Cd body burden and
increased risk of osteoporosis has also been
reported in occupational exposure. The subjects
with urinary Cd >1.88 pg/g Cr had an osteoporosis
risk 9.9 times higher than the group with urinary
Cd<0.51 pg/g Cr in whom renal tubular
dysfunction was not observed [39].

A direct effect of Cd on bone metabolism
showing bone remodeling biomarkers has been
demonstrated. Abnormal synthesis of bone tissue
was indicated by an increase in bone formation
markers, serum osteocalcin [28, 31, 32], and bone

alkaline phosphate [40]. Bone resorption-
acceleration indicated by high level of
deoxypyridioline (DPD), N-terminal and C-

terminal crosslink of type I collagen (NTx and
CTx) was evident even in low Cd exposed
individuals [38, 41, 42]. In addition, the bone
resorption acceleration and abnormal bone tissue
synthesis found in Cd exposure was shown to be
independent of kidney dysfunction [43].

J Health Res ®vol.28 no.3 June 2014
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Figure 1 Proposed Cd osteotoxicity mechanism

This phenomenon could be explained by a
molecular mechanism in which Cd is transported
into bone cells and disturbs their functions [44, 45].
Lévesque et al. [46] reported that Cd accumulated
in human osteoblasts in a dose-dependent manner
and the calculated LCs, value of CdCl, was 22+2
uM. Cd also induces apoptosis via an increase in
cytochrome C release from mitochondria and
caspase 3 in osteoblast cell [47-49]. Cd can disturb
signal transduction in osteosarcoma cell causing a
decrease of collagen synthesis [50] in addition to
accelerating differentiation of new osteoclasts and
activates the activity of mature osteoclasts inducing
bone resorption [51].

PROPOSED Cd OSTEOTOXICITY MECHANISM

The mechanism to explain Cd osteotoxicity is
shown in Figure 1. After Cd is absorbed into the
human body, it accumulates in the kidney and
bone. The direct effect of Cd on bone cells is
related to the functions of osteoclasts and
osteoblasts. Cd induces apoptosis of osteoblasts
and decreases its activity which in turn decreases
collagen synthesis and bone calcification. Cd
activates the function of osteoclasts by increasing
bone resorption and releasing Ca to blood
circulation. The long term decreased osteoblast
activity and increased osteoclast activity causes
bone metabolism imbalance and decreases bone
mineral density.

The indirect effect is explained by the
disturbance of proximal tubules of kidney. The
proximal tubule is ‘the major site for essential
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nutrient reabsorption and Vitamin D active
metabolite production. After proximal tubules are
destroyed by Cd, the hydroxylation of vitamin D
and vitamin D active metabolite production
decrease. As a result the Ca absorption from GI
tract decreases causing low blood Ca and increased
PTH production. The PTH enhances bone
resorption to increase blood Ca which in tum
causes decreased bone Ca.

Another effect of proximal tubule on bone
health is that it has a function to reabsorp Ca from
urine. With proximal tubular dysfunction by Cd
toxicity, the reabsorption of Ca is decreased which
in turn decreases blood Ca. The decreased blood Ca
is the signal to enhance bone resorption. Long term
bone resorption and loss of Ca to urine causes
decreased bone mineral mass and eventually bone
pathology such as osteopenia, osteoporosis and
osteomalacia.

The clarification of Cd osteotoxicity will be
advantageous for health management in Cd
exposed inhabitants and prevent the severity of
osteotoxicity, for example, in Itai-itai patients.
These patients showed low level of serum vitamin
D active metabolite and severe proximal tubular
dysfunction of the indirect mechanism. The
treatment with vitamin D active metabolite
increased the bone density and relieved
osteotoxicity severity [9, 12, 13]. A full
explanation of Cd osteotoxicity mechanism is
necessary as the exposure of Cd has been reported
worldwide and the exposed population has
increased. Other factors shown to be related to Cd
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osteotoxicity are Cd exposure level, population
ethnics, sex, nutrition status, children number,
sunlight exposure and occupation. Therefore,
further studies need to take these parameters into
account to clarify the Cd osteotoxicity.

CONCLUSION

Because of its long biological half life in the
human body, Cd can cause a wide range of chronic
diseases as mentioned above. The bone disease is a
typical characteristic of Cd exposure which is a
significant health problem worldwide. It could be
explained by direct and indirect mechanisms after
long term of exposure. The direct mechanism is
related to the disturbance of osteoblast and
osteoclast  functions whereas the indirect
mechanism is explained by the wasting of Ca,
decreased vitamin D active metabolite production
and decreased Ca absorption from GI tract.

The Ca store and vitamin D levels are the key
prevention factors for bone health. A sufficient
body store of Ca will be advantageous to prevent
bone loss by Ca wasting. An application of the
proposed mechanism can be used in clinical care of
high risk group who show low level of vitamin D.
A vitamin D supplement will help to prevent bone
loss caused by decreased vitamin D metabolism in
kidney and this application has already been
applied in Itai-itai patients whose serum vitamin D
active metabolite was very low. Vitamin D active
metabolite supplement in Itai-itat patients had been
shown to reduce bone mass loss and improve
osteomalacia [9]. In addition, Cd accumulation at
high level enhances proximal tubular dysfunction
which disturbs vitamin D metabolism and increases
Ca wasting. If the exposure continues the incidence
of bone discase among the inhabitants of Cd
polluted area will increase. Food Cd level
determination in polluted area should be an
important indicator of this toxic metal trail of
distribution and its entry into the food chain. The
nutritional status of the population living in Cd
polluted areas, especially of pregnant women,
should be determined to ensure that their Fe, Zn,
and Ca stored levels are enough to sustain the
homeostasis effects of DMT and therefore reduce
Cd absorption from GI tract.

With rapid industrial growth, the contamination
of Cd is becoming a significant public health
problem which implies the risk of bone diseases. A
successful control of industrial Cd contamination is
essential for the prevention of Cd entry into the
food chain leading to Cd induced bone diseases.
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