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(Kerstetter et al., 1998). s+, A= A F5FA, AdoH, WK

A My ol AR HAA oA (Lloyd et al, 1991)3 #HA%F oA (Tesar et al,

1992; Tylavsky et al, 1988)% tid oz 3 dAFoes A3 Rty +H

E=7b Felgk AeolE Heolx Euta Bugioen, dAds dHem LOV
Hl gk el A =

Gl

(Lacto-ovo-vegetarian) 3 79 ZTHE

7F BAH A &gk th(Marsh et al., 1983).
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o Ag =WREe dAdol 08, oletd FAote] A9+ 02~04% Hia HAo
(Slemenda et al.,, 1991; Pocock et al., 1987). F ] = X=(peak bone density) ¥
ooty & g5 W, & wA Lo A gAAR FHE I

Fre wAge] w3 FAAolgtE Ravt dh(Kelly et al, 1993).

fik

Krall, 1993). =¥ xe §14 292l 219 Addde #3 Hxeo =i 19944
Morrison ¢ 98] 23x 59t Morrison & B EY D 84 (VDR) & A4
Bsml Y3 A (polymorphism)¥ Fd % Aloleo] F3k d#do] 9o, % WO

o] 75%7F FA14 29 93 9wt st (Morrison, 1994, 1997). o]

BauxE ¢4 708 A (single nucleotide polymorphism; SNP)e. 2 <l ala]



A WEyl DE FurbdA F8d zERow Zo A 7)Eg
(mineralization), ol A9 ZAE&S4, e 2 A4d9 A (homeostasis) Z 4,
FdA g2 Buxdd #agt. HEW D 95l A 2o o&] g
AEAY AArE S8kl AFHSHA e P g A e g E S S8k
&g 9 Ebdl, 1,25(0H); HIEFY D= dgkd & Axugd &xsts HER D +8&

A(VDR)E B39 283 h(Feldman, 1996). VDR 3 A= A 128 A A ¢
ql3~ql4dl &A1, 9719 AE(exon)eZ FAEHS 60~70 kb9 DNA =7 E
7R than el A 9l th(Feldman, 1996). VDR fx#ke] 2l 89 <1 E £ (intron) <]
¢ A 9 d<£(exon) oA Bsml, Apal, 181 Tagl ©F&E Aol &4 71 413
A, VDR fxxel Al 29 AERE E3het= W A #-(translation
initiation site)®] Fokl tt&d o] &H A A = A vh(Arai, 1997; Harris, 1997, Gross,
1996). itk VDR v @43 9o ddde dg B A7t vdd =4
FeleA Aol govy dAgAnttt Bt xolE K asta itk (Salamone,
1996; Peacock, 1995; Fleet, 1995; Garnero, 1995). & o] A3 ¥ % #He| wEe
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o
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Z3 FAad wz 24 Zolrt I AR A At (Dvornyk et al, 2003;
Ralston, 1997). Dvornyk %(2004)2 405 7} 2458 18734 ¢ wel &<l o} Ao}
e didew nHwy ZoEFd #AH FH G2 107094 41719 SNPsS &4

3 A¥, el 598 18709 Ff(shared) SNPs = 37], #<l3} ofx]ofgl & 22
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ER §4dxE 8749 d&E(exon)o® T4"E < 140 kb Aot}
(Ponglikitmongkol, 1998). Poull®} Xbal A| g4 4 o] th& A (restriction fragment
length polymorphism; RFLP)2 EF A 1 QAEE(intron) Wl A3z A,
Poull RFLP= Yaich 5(1992)e ¢l8te] 71 do]l waxen oE 204 <F
04kb Eolzl Al 1 AEE U A&t CAGCTGS] Poull ASEA Ao 93
7F CAGCCG= & /M9 w2 B =7 Nddozn BAst= g dolrh. Xzal
RFLPE &715(1998)e] 9lste]l @7l <de] waxed ¢elxl Poull RFLPS -
A=ZFH < 50 bp Bzl e At A 2 dESZHE oF 035 kb o
A1 FEE Yol X33, TCTAGAZF TCTGGAR 3o 7| de] Aol &
Belo]l ura Atk

19414 Albright7} <4
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ER 34 d&@da sl @3 A= Kobayashi 5(1996)el] ©] s}

Hxugon, AEF S ddeR dr2ERA Fdxe IR =
Folg duAAE P ga ®mastdlv. a2y O ofF e AAdS Ade
= 3 t& <9 (Han, 1997) 4 = aAA AT AT &9
FHEAE Fe ¢ flva Bauste] o A ddrt dAsA @k 4, 3070
o dE5ES TFI ER 84 @A # HedAd A Xsale] XX 54
A3 A (homozygotes) & 7FA & AHE9 A9 x W HFA A (allele) & 7HA = AF#

ol W =EE7 dHer wokon, wekd ZER A 9ol Faddva

N

B 3189 3 (Toannidis, 2002), Bkl 2=¢gd W P& dide= 3 Lorentzon
5(1999)9 A A o xx AT S e dAAE] Xx FAAD S
zZhe WA HE 52 2EEE Bt T RN AR dvtd A3 E
Btk 3 ER A9 Poull ¥ AE ¥ ZE = Adfd AT 9t
(200002 18299 T S o ® g AFA PP FHAFES zte o
sl Pp RIS Ze gidxEd v 52 ¥HEE Bl Baug A
7 e loannidis(2002)E ER FAX9 Poull -34S adEEY 24983 of
T ZaEaAE gloha Baskglh

HE A2 08 FEGAASAA T8RS 35 AT A%, 28
o e APgH o #AdE P AL Morrison ol o L
Hxe dAolgzm F Aol ATk AHEAE | gbe @ del AAR =
5o T Fog VAE =AY AFE AEAE A2 oHY. dusd

el 7hA a<lEo] #ald]

8]

&

959 313 "ol(genetic transmission)dl

(Takumi, 2004). 44 Q92%E, d& 9 Z% 4 F(calcium intake), SA% &
= (physical activity), 281 Fd o= VDR F 4 A3 (genotypes)el] EHdHFE

288 7 k. 53], VDR FHdAE Y s g3 19 43 & (interaction)<
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Figure 1. Research Framework
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601 men
FFQ, BUA, blood sampling

Excluded 171 men

- Uncompleted FFQ

- No BUA test

- Poor condition of blood sample

< 430 men >

Excluded 170 men
- Any bone-related disease
- Receiving pharmacotherapy

< 27 - 80 aged 266 men >

Apal/ Tagl polymorphism \in the VDR gene
Xbal, Pvull polymorphism \in the ER gene

semivegetarian
(n=182)

strict vegetarian
(n=84)

Figure 2. Participant Selection flow
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BUAE 34 253 gAxs YedH, @9+ dB/MHzE AF&3t. BUAE
T2 234 E o83 W WEE HASY. o] FH2 0.2~08 MHz F3F
H

A WA Adadr. 19949 A A RAY]FH(WHO)+= BUAS T-score® Ftha

3.3.4 DNA %9

ol7te] dAogHE DNASY 28+ Sambrook (1989 <&f 7|43k ¥
og F Y. A @A dAde L2533 FALI|E o] &dta] A3 S,

o] &S EDTA tubeol ¥o] oF 5000rpme X2 208 S AR sta] &
G AT EE 2y g, 2 Atold e ke < @3 T Z(buffy coat)
S B35 DNA B9 E F3d w71x 70°C deep freezero] A &A3&siti. DNA
285 g8 ddFEol 02% NaCl? 5% NaCl 944 Waol Hgste Ad
2 AAS ged, dAargs] &= (nucleic lysis buffer; 10 mM Tris HCI, pH
8.0; 1 M EDTA, pH 80; 400 mM NaCl; 0.5% SDS)< A& & thge, proteinase
K (100 ug/m)E #H7be F-o 55°C dry ovendl Al 3A1%F <k X3Sl o 7]
phenols EZHozn £33 5000rpmeE 58 =< ARSI Fo A=
(supernatant) & F$ thg, o] 4Z e 1:1¢] phenol/chloroforme T#Ho2 TF
stel thA] 5,000rpme & 5% b AAEE AT o #HAES nH Fo A E
o] 2w H ¥ s d3F= absolute ethanols I 7Fste] DNAE F&3 1, ol 70%
ethanold] A Al & 8k 1S 55°C dry ovenol A 1A 7FE<F Wx8F ¢ TE ¢=A
(10 mM Tris HCIL, pH 80; 1 mM EDTA, pH 80)2 =& &a|AA, A& w714
20°C Yol ®tsts
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Za s A (polymerase chain reaction, PCR)< Saiki 5(19838)°] 7}
HE ofF WEAA Fastddtt. dEs B oa] g DNA <F 150
ngdl 10pmol &%= primer®, 200 uM 5%=¢ dNTP, 10 mM Tris HCI(pH 8.3),
0.01% gelatin, 50 mM KCI, 1.5 mM MgClLE #H7lsld & 50 ul9] WsdS
A zg thgo PCR W8S Sttt vlEtwl D F&A 29 Apal 3 Tadl
g3 e HEs7] Y93 primer B sense primer,
5-CAGAGCATGGACAGGGAGCAAG-3'9} anti-sense primer,
5-GCAACTCCTCATGGCTGAGGTCTC-3'& o] &3ttt o2 A 1| 3

& PCR cyclerdl Al 94°Cell Al 30%, 59°Cel A 30%, 1@l il 72°Cell Al 1%¢] &4
5 1 F712 g F 3057 &< &S AHAZ g e SS S
S

NA2EZA &4 FH4AY Xbal E Poull G384 S HAE37] 93 primer
& sense primer, 5 -GACCAGACCGACAATGTAAC-3'¢} anti-sense primer,
5-CTTGTCGTCGCTGCTGG-3'& ol &stAtt. ol &EA +Hg vh& 42 PCR
cyclerel /| 94°Cell A 18, 57°Cell A 18, 28] ar 72°CollA] 18 30%9 GAES

1 #7112 & F 3557 5 Bee AFAZ v BeE wes el

d

3.36 73143 44

PCR #Fgo] <A

i)

ol Hkg4tE F, 12ul& FHAshke]l A 49l Apal,

Tagl, Xpal, 71813 PpullS A8 37°

)

C incubatorell A 18A17F &<t WHEA]
o, 1 A3E 2% agarose geld A A7]F9E 3 Fof, ethidium bromideE ©] &
sl 3 DNA @& A3 thed, UV transilluminatordtoll Al 2 A&
71 Z At
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M

Apal, Taglel da® F917F ¢l 3 242 A, T dd {4, ddg ¥
A Ae a t HEFAARE St FHE DNA 97]37]% 740bp o A=,
Apal Agraaz As o doo] H= sFHFS 4 F(aa) 2116pet 529bp]
2Edol ey Heko] ¢ Hi F$(AA)E 740bp 1EE 2R YEa o] g
gtel A $-(Aa) 740bpst 529pp 2 211bpel 3%-Ho] yeElutth(Figure 3-A). Tagl
Agagiz A Fd doo] H= sFHFS At 290bpet 2456p B
205bpe] 3Edol YEyY dAde] ¢F Hi= BS(TT)E 245bpst 495bp 284 =1k
et old g HA(Tt) 205bp, 245bp, 290bp, 4956pe] 4&F4do] e TH

(Figure 3-B).

441

Poull, Xbal Agas= Aasas o dodd 797 gle A& 474 P, X
HHFAA, dadd F97 = AS p, x HEFAARZ A Poull AFFEL
2 Agd o dddo] He= FFHES 45 (pp) 850bpet 4506pe] 2id o] e

3

[e)
F

vr Aol ¢ & A9(PP)E 1300bp 1EH 2T vehga o P e
(Pp) 1300bp, 850bp, 450bpe] 34 el e th(Figure 4-A). Xsal AlgdFa iz A
g3k o ddo] ¥ FFHFEE A5(xx) 900bpet 400bpe] 2%do] L ELH
doko] oF HiE AXX)E 1300bp 1EEE veya oldHge 4$(Xx)

13006p, 900bp, 400b6pe] 3E4do] YElWthH(Figure 4-B).
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Figure 3. Two genetic polymorphisms in the vitamin D receptor gene. A) An
Apal polymorphism. Lane 1~3, aa genotypes; lane 4, Aa genotype; lane 5, AA
genotype; lane W, molecular size marker. B) A Tagl polymorphism. Lane M,
molecular size marker; lane 1~3 and 5, TT genotypes; lane 4, Tt genotype.

Xbal

B)

1300
on0
400

Figure 4. Two genetic polymorphisms in the estrogen receptor gene. A) A Pvull
polymorphism. Lane M, molecular gize marker; lane 1~2, and 4, Pp genotypes; lane
3. PP genotype; lane 5, pp genotype. B) An XbalI polymorphism. Lane M, molecular
size marker; lane 1 and 4, 3¢ genotypes; lane 2 and 3, XX genotypes; lane 5, XX
senotype.
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3.4 54 ¥4

VDR A6 #A48E Apalst Tagd 2 ER A6 EA8E Xpalsd
Poull el Mg fAA4E B4 Adznd gPsad NEs F4d9
of @Al oa et fARGelt gy fad MR gd w7 Ans
o W chi-squared] HHA AWl o8 BAGGon, B A BEH

A8 B2 3 Hardy-Weinberg B3 o 2= chi-square®] A4 AAHY

&4 s Yl A< ol dHF = (heterozygosity) B @ dH =
(polymorphism information content) #k< Bostein & (1980)e] <3+ ¥H

of Arsdt. VDR #F3d4ek ER FdAW @ del we 4 fd4ddA

S o] &3}
BUA, SOS, Stiffness, Z# % oA A" 59 vl = t-test, ANOVA,
ANCOVA, Fisher?] least significant difference post hoc #AAFS o] &3t FoA
S #A4EAT. F RFLP e <4 B8 A5 2 deds A5 A #He
Hill(1968)3} Lewontin(1964)2] Wy o &2 A ALl

D

SAA Felde p=005 FEodA #AFaAen, e FAH 42 SAS

version 8.1 T2 1WE o] &3ty FalsH ).
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A 4 A+23%

41 ATYEAES] AR 54

T 2661 A7 EARES] dury 54 a3 Zok(Table 1). & A5 o
AAEe H vol= 5094, B &2 168.3cm ©| i, Hit A F2 63kge =
ZAETE it BMIE 224kg/m’olglen] of £ $evhel 50~594 w9l
i BMI 29 239kg/m’el] Hlakdl e #o|Qrh(EA AL, 2002). 1L}
AA NEA F 1768 (66%) F=7F 42+ BMI ¥ 9191 20~24kg/m” 73] &3 e
w, vukel AR 278 (0.7%)9 E 3o
Zrgr AHAH A= AA Hito] 55Tmg/dayeE ZAME A=, o FA =

FEEAHEAFA T, 2003)4 7<= AdRle] Hir Zd AP
556mg/day st ¥%:d AEE Bouy, 20009% =9l Zg A% =700
=

mg/day)ell = @o] F5% Jow ZALFATH(E TG ES S, 2000). FH, A4

N

THHAAEY Z4 A FS AZ44 3+ ow calcium intake group), &7z 44
# 7 (middle calcium intake group), 2@ Z4F 7 (high calcium intake
group) 22 vir Ay, dA ddzbe] 43% A&7 Sl 400mg v Rke] vre 7
# AAEs B

AA AFodare] FelvA A3 #FS 1532kcal/dayZ ZAFH A= 504 o4
I Al AR 2300kcal/daydl] H & AR REES Aoz Ve TS
FEsks], 2000). AT HARS 69% HZ=7F 1000~2000kcal/day Aol ¥ oY
AAZFe 2o 1000kcal/day vlwhe] dUAHHES Hol= A= 12%
L H 3l

A

N
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Table 1. Characteristics of the total subjects

Parameters Range n(%)
Agelyear) 20~29 3(1.1)
30~39 61(22.9)
40~ 49 51(19.2)
50 ~59 75(28.2)
60~69 58(21.8)
> 70 18(6.8)
Mean age 50.9 + 12.0 266(100)
BMI(kg/m®) <20 38(14.3)
20~24 176(66.2)
25~30 50(18.8)
> 30 2(0.7)
Mean BMI 22.4 £ 2.7 266(100)
Calcium Intake(mg/day) < 400 15(43.2)
400~800 99(37.2)
> 800 52(19.6)
Mean calcium intake 557.4 + 396.6 266(100)
Energy Intake(kcal/day) < 1000 33(12.4)
1000~ 2000 183(68.8)
> 2000 50(18.8)
Mean energy intake 1531.5 £ 571.9 266(100)

BMI=body mass index

M
b

ATFHYAE] FAE

A AP dAEe] EUE $EE 0gd 2rHTable 2). S04
BUAZS R4 Bitel 63dB/MHzz Z49dom, A A7) gxel 55% A%

o
e
ol
ro

7} 60~70dB/MHze F-7tell &th. WHOC A Ast 7o) ostd #& gt

olg} &1 1.0 x=AA

o 25 xTHA Atoldl A= A9 =4 (osteopenia)el B FET) o]y el
&

A AA e 9% AE7t FEEeolAd

4] BUA B oA 25 A4 vl 49 =ohs

olN

o

N
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a, 41% Axe F49, 283 50% A= A FUE FAE BT 39
A E4s Hir SOS # 1648m/secE HAHHF o, BUASY SOS#HoZHEH 2
E g% E EAS Stiffness Index ke A= 8332 % ZALH I Stiffness
Indexi=  Stiffness=0.67xBUA+0.28xS0S-420 <] Alxb2el <& 7439t (van
Dacle et al., 1994).

F =l A gk BUA 2 20~294 d®dtelA 675 £ 88dB/MHz= 7+

kow olF Aol Zrte] wEk HA
table 1). 30thell Al A3 BUA X9 ZAE B on, 40to A 60t 71A = <hqt

B\
o2l

Hir

ZadteE Ao® ZAE Qo appendix

o

g7 #asttirl 700 kel mHEelA A @d BUAS a7 Faia
By

Table 2. Distribution of the BUA, SOS, and Stiffness

Parameters Range n(%)
BUA(dB/MHz) < 60 95(35.7)
60~70 147(55.3)
> 70 24(9.0)
Mean BUA 62.5 + 5.5 266(100)
BUA T-score <-25 25(9.4)
-2.5 ~ -1 109(41.0)
> -1 132(49.6)
Mean BUA T-score -1.4 £ 0.9 266(100)
SOS(m/sec) < 1600 36(13.5)
1600~1700 198(74.5)
> 1700 32(12.0)
Mean SOS 1647.9 + 43.5 266(100)
Stiffness™ <70 44(16.5)
70~79 67(25.2)
80~89 84(31.6)
> 90 71(26.7)
Mean Stiffness 83.3 + 13.1 266(100)

BUA=broadband ultrasound attenuation, SOS=speed of sound, *Stiffness=0.67 xBUA+0.28xS0S-420
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4.3 VDR §Ax9<9 ER §AA t3A

Azl dd VDR $4d2 2 ER S04 ddAde da &
A2 2 NEFAA RE2E ZAEIATH(Table 3). AA F328 S 1174 (4.4%)°l
AAE L 997 (39.8%) A 7

of
)
[op}
3
of
1o
e
-
=

Q
Q
o
)
x
oft
rlo
W
©
i)
o
ol
o0
X
S
>
o
i
i,
o %
)
o
i
rlo
ML
=]
i
T
o,
=
Al

=
O TT FAAE2 2278(908%)2 7 =2 X & veddern, Tt 43
&

Fe 2278 (8.8%)°] A L FAAE L 1804%) A HEH 7HE 22 N=s

-
Ho

Btk E3 XX FA4E 3912%)eR 7 ¥ MEE YEha

& 599 (24.4%), 183 xx FAAF S 1809 (74.4%)2 2 7H =
UER ST PP 2 E 99 (11.6%)e.2 71d @& WEE B, Pp 34
g2 1188 U72%)e2 Mg e HEE, a8la pp FAAE S 1039 (41.2%) 9]

WS el it

FAA4Y NEZRY dAFAA MRS AL A%, B A7 dadse o
Heda WEsl A gEs A4 49 21%9) el a UK A WEE 76%
2 a FRARe MEk ud ¥ Ee Aos vewd =3 T dAsas 1

E(95%)= t HHFAAS] =GR R Eokal, X iy Fdae] ®HlR=(13%) 5
© x HEFAAe] ME@®7%)7F LEi P A WEE5%)ETE p Y
FA2 W= (65%)7F = A VERS T

AFZ8 FAAE EE7F Hardy-Weinberg 3 3 ol

o)
o~
EQL'
ro
By
Gl
N

>~
>

Ol
i)
N
do
:cl>1£

A chi-square® #Hg= AAES 33 Ay #FH FA4AAFE EF= Hardy-

Weinberg B8 o2 58 Hlojux] Fkh(p>0.05).
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Table 3. Genotype and allele frequencies at the VDR and ER polymorphic sites

RFLP Genotype n(%) Allele n(%) X%/ P-value
Apal AA 11(4.4) A 121(24.3) 2_
x=1.63
Aa 99(39.8) a 377(75.7) ~
aa 139(55.8) Total 498(100.0) P=0.20
Total 249(100.0)
Tagl T 227(90.8) T 476(95.2)
Tt 22(8.8) t 24(4.8) x’=0.34
tt 1(0.4) Total 500(100.0) P=0.56
Total 250(100.0)
Xbal XX 3(1.2) X 65(13.4)
Xx 59(24.4) X 419(86.6) x?=0.57
XX 180(74.4) Total 484(100.0) P=0.45
Total 242(100.0)
Pvidl PP 29(11.6) P 176(35.2)
Pp 118(47.2) o 324(64.8) x?=0.30
pp 103(41.2) Total 500(100.0) P=0.58
Total 250(100.0)

14 $AR G4 2ax

~

o
HE

A3 &

pul

O

Table 491 A= A A7ddAE] da) A= L
B3 Ay FA42 ddAdd wel BUA, SOS, 283l Stiffness gkel X EA44 #
Aol AZEYAH(p<0.05). Fisherd Least significant difference(LSD) AF$ A
ol o3 Zzhe] fFHAAEe s BAS A9, xx FAAES Zd= AEHES
Xx FAAES 2= AgEd b8 BAHe® {93 =2 BUA, SOS, 1

2]
31 Stiffness #= YEFUAT xx 348 oz =2 FHE FX&E B o
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} EAHeE FostA =& BUARS UHEtUdew, PP FHAd e AtdE =
Felg AfolE HolA Fokrh SOS #H I Stiffness 7ol AolM = Pp FHAF S
Zt= AbgEel PP R Aoy pp FAdAE S 2he tdAECd v SAHeR
FoaA we #es Jetuidh. 18y PP 1A E 7 pp FAAE S 2t ALY
E At M= fFelgh AtolE Hol A skt

#4523 S& minor allele dominant model® 7} 3, xx & pp &2 H A

=

o

(homozygotes)E zt+= AAELS X == P AR (alleles) S 2= A}
Ha EAZ o2 Fo384 =& BUA, SOS, 18 3L Stiffness < BIth. &, xx
FAAE S 2t ddAES X didFdaAs 2 Argsdd va sA4e= F
oAl ¥ BUA(p<0.001), SOS(p<0.001), L83 Stiffness (p<0.001) #< +Er
Walek, 28 pp FAAES 2t dEdAES P dFAAE 2he AbgEd A
g EAdoR FosAl = BUA(MP<0.05), SOS(p<0.001), il Stiffness
(p<0.001) <& Yehder. w9 Apal® Tagl @ A4S BUA, SOS, 181
Stiffness #rell A EAH oz §938 AaAAol gt

A EE F4 (linkage disequilibrium analysis)S Al &3 39S wl Apal

)
rtﬁ

W Tagl +87d % Xbalek Poull thg7d Atolel f1#del = Ao eyt
Z Apal®} Tagl 7+e] 34 4= (coefficient of linkage disequilibrium, A)E 0.51(x”
=124.85, P<0.0001)°l o™, Xpal# Poull 748l A#AFE 0.38(x7=693.12, P<
0.0001)°] A .
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Table 4. VDR and ER polymorphisms in relation to BUA, SOS, and Stiffness

in total

BUA S0S Stiffness™
RFLP Genotype n
Mean+SD P Mean+SD P Mean+SD P
Apal AA 11 63.73+6.02 1668.55+44.21 89.89+12.74
Aa 99 62.07+5.31  0.32 1644.29+43.43  0.18 81.99+13.26  0.14
aa 139  63.13+5.64 1647.56+42.36 83.62+12.63
Tagi TT 227 62.65+5.38 1647.04+40.88 83.15+12.46
Tt 22  61.19+5.32  0.16 1655.77+58.33  0.63 84.61+17.33  0.81
tt 1 67.80+0.00 1653.00+0.00 88.27+0.00
Xbal XX 3 62.10+5.63 1649.33+20.43 83.42+9.47
XX 59 59.87+5.16 <0.007 1613.93+30.71 <0.001  72.02+9.34  <0.001
XX 180 63.50+5.40" 1658.36+41.92* 86.89+12.24"
Pyl PP 29  63.11+6.54 1670.45+50.67" 90.01+15.271
Pp 118  61.53+4.97 0.02 1625.84435.84 <0.001  76.46+10.85 <0.001
pp 103  63.58+5.61" 1668.21+37.10" 89.70+10.811

BUA broadband ultrasound attenuation, SOS=speed of sound,
: p<0.05 (vs. Xx group) from LSD test, ™

4.5 VDR

Table 594 +=

group), 400~ 800mg¢<!
e o

= ]_/\

800mg H.Tt} @& A}

FA4 P4 we 2

AR AT A

A A o) 400mg nukel AlHEES A d4

TEagth 28§ VDR &
o BXE AHREgT.

N

Az uzss

w4 HA T

*Stiffness=0.67 x BUA+0.28 X SOS-420
p<0.05 (vs. Pp group) from LSD test

i

v
= -

ZHy AF e wE A 2FoE UFy.

A # ++(low calcium intake

54 3 o (middle calcium intake group),

Aol e 4 1§ BE AAYH FUs

A 7 (>800mg/day)dll &3 A=At

Sl A Apal®l aa FHAAE



O

S e AEEC Aa AL S e AbdEel vE BUA ghol #elstAl =

S Ag = gld=d ¥k (appendix table 2), ZAH AHEFES A 1FSE UE
Hole nZEHHATANA Apale aa FHAZ S 2 AR EC AA FHAAFE S

Zt= Abg e vlEl ZEe dAEe] FosA @A YERS T (p<0.05, appendix
table 3). FA 23S minor allele dominant model® 7}83tH, aa F4A3E S 2t
= AHES A UHFSARE ZE AFEd viE ZE HFH L] FostA WA

ZAE A 5 (p<0.05).

Table 5. Distribution of BUA, SOS, and Stiffness of the VDR polymorphisms
according to the calcium intake

Calcium Geno- ; *
RELP  ntake iype BUA SOS Stiffness
(mg/day)  (n) Mean+SD P Mean+SD P Mean+SD P
Apal Low AA(B)  64.33+7.39 1678.33+38.68 93.03+12.09
(<400)  Aa(44)  63.25+4.44  0.42 1646.45+46.00  0.29 83.38+13.38  0.26
aa(59)  62.18+5.22 1649.80+47.23 83.61+14.18
Middle  AA(2)  61.90+8.34 1655.50+3.53 85.01+4.60
(400~800) Aa(40)  61.80+5.80  0.37 1645.43439.59  0.92 82.13+12.65 0.79
aa(50)  63.52+5.72 1646.96+36.16 83.71+£10.97
High AA(3)  63.73%2.30 1657.67+73.41 86.85+19.19
(>800) Aa(15)  59.35+5.49  0.03 1634.93+47.18  0.68 77.55+14.37  0.31
aa(30) 64.34+6.15% 1644.17+42.96 83.47+12.39
Tagi Low  TT(102) 62.30+4.96 1651.95+44.06 84.29+13.22
(<400)  Tt(8) 64.91+£3.69  0.15 1650.25+75.24  0.92 85.56+21.71  0.80
tt(0) . . :
Middle TT(83)  62.93+5.74 1644.86+34.82 82.73+11.07
(400~800) Tt(11)  59.35+4.78  0.09 1647.91+46.99  0.94 81.18+14.61  0.81
tt(1) 67.80+0.00 1653.0040.00 88.27+0.00
High  TT(42)  62.95+5.70 1639.43+43.29 81.22+13.11
(>800)  Tt(3) 57.97+6.73  0.15 1699.33+39.51  0.02  94.65+14.72  0.09
tt(0) . . :

BUA=broadband ultrasound attenuation, SOS=speed of sound, *Stiffness=0.67xBUA+0.28xS0S-420
1 p<0.05 (vs. Aa group) from LSD test
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46 ANFEE AFNIRAE] 5A

461 AW ATFHIAES AWy 54

T 2669 A7 dEAES A Fd oy BRIS o, dAdHAFIH
(strict vegetarian)= 84dollew, $H9 ATdS #HE A4 F 9 A (lacto-ovo
vegetarian)¢t 7]y AA S 15 13 v H=g o
2] F o] 2} (semivegetarian) 2 B FFglom & 1821 ] 9l o).
Ay G ATFaEAEe] AAH 54e Ay Eu(Table 6), Hol<h A&l
M A A F o A2 (50.74], 167.4cm)3 F-E A A =9 2 15 (5114, 168.7
m)3t Zpol= gllth Aol dofM = A A 5
o121 (B4kg)ol F8HA E Ak tH(p<0.05). BMI 3% -3 A 2] 5= 9] 2} 15 (21.9
EAMew FostA Eokort
(p<0.05), $-2lhel 50~594 Aol FiF BMI 29 239kg/m’dl Hlatwl ¥ 1

$HE hIAE

24

A

=]
-7

rlo

A5 (Blkg) L F A4 F
kg/m%)el Hla] A4 79 471 F (225kg/mD)e]

B ORT RS AoAth(RAEAN, 2002). 2UE FHA < BUA, SOS, Stiffness
grell M= F F el Fo g Aol s BolA kokvh. Aa A el oA
= A A A T AL (486mg/day)dll Wl H- A A 9 A 1 E (590mg/day) 2] A
Aol FelatA w2 Aewm UEuth(p<0.05). 1Ey A - dLEEAH(EA
B2 5, 2003)e] ost¥ g gdle] Et A HFHEFS FAE 556mg/day® &
Atee] BEAAFARTF B Zd AFH F0E0mg/day)S g gl B A
5 ddoy, @A T2 15F(486mg/day)S B Ak m XA Rehe vhe
HALES B3, F 1§ BF 20009 % <l Zg I LF(700me/day) el =
=

ZA QU8 3], 2000). A UA A H Fel| QoA =
S, FEANFoARES AN FAARE H& AT AHEFA S, 28
Z AF Fol FostA =A ZAHASAE E4En FEESFF2 BUA, SOS,

Stiffness #ES F ZFdA F23% 2ol7t gl
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Table 6. Characteristics of the strict vegetarian and semivegetarian subjects

Parameters Strict vegetarian Semivegetarian P-value
N 84 182

Age(year) 50.7 + 115 51.1 £ 12.3 0.82
Height(cm) 167.4 £ 5.6 168.7 £ 6.3 0.1
Weight(kg) 61.3 + 8.1 64.3 + 84 0.01
BMI(kg/m?) 219 £ 2.8 225+ 25 0.05
BUA(dB/MHz) 62.8 + 5.8 62.4 + 5.3 0.65
BUA T-score -1.49 £ 1.01 -1.36 £ 0.96 0.31
SOS(m/sec) 1647.9 + 449 1647.9 £+ 43.0 0.99
Stiffness* 83.5 + 13.3 83.2 + 12.9 0.89
Calcium Intake(mg/day) 485.8 + 326.6 590.4 + 421.8 0.04
Energy Intake(kcal/day) 1513.3 + 439.9 1540.0 + 624.5 0.72

BMI=body mass index, BUA=broadband ultrasound attenuation, SOS=speed of sound
*Stiffness=0.67 x BUA+0.28xSOS-420

162 AAFFW ATAIAEY F44 GIYH 2=

<A A 2] 5= 9] R (strict vegetarian) L&F ] W3k Table 7ol = A TF A
upgl SOS # ¥ Stiffness #elld S48 Fo4o] 1% 5300 (p<0.001). Fisher?

LSD A5 A4l oa Z47e faAded ne avs 24F 23, xx 949

tlo

2 AFES Xx FAARS 2E AgEd v SAHos gl Ee
SOS# ¥ Stiffness < UERHAT xx #3448 tgow = 7}
Stiffness #< HS AR ELS XX FARF S z2te ASEUAT EAHo R

ol

Yo
> B

rlo
w
@)
n

Fodt ztolE HolAE &gt Poull GdA S TASE 2449 fdE

14 SOS 7k Stiffness kel S1oIAE Pp HAA4ES 25 Agsel PP HH%
Foluh pp FHAAFE Ze fdEe v SAHeE fFosA Ee des v
Bt 8y PP A A pp AR S e AFEE AboldlA = felgt
2pol & Holx Egtth, = F A RS minor allele dominant model® 7}4 34,

xx FA4Re 2 QAAES X NUadAT 25 Agsd maE EAdow



FolatA =S BUA(DP<0.05), SOS(p<0.001), & 3 Stiffness(p<0.001) < ek
Wtk 283 pp FHAAFEES 2t ddAES P A FAAE 2t Abgsdd v
& EAHez FosA =S SOS(p<0.01)¢ Stiffness(p<0.001) S e AT
WA Apaldt Tagl ©+E 4 BUA, SOS, @il Stiffness koA EAFH o=
T3 Aol Al

1

F4t A A 5= 9] A (semivegetarian) T1iFo dl$k Table 8lA & FHA oF
ugl BUA #3 SOS g, =2la Stiffness ghelld A% Fo4o #AEdAd
(p<0.01). Fisher®] LSD Ab$ A <& Zzte] fHxde] axs 243 4
W oxx FAAFEE e AFES Xx FAAF S 2 AEE vE SAHow
FolatA =& BUAFL, SOSg, 28 a Stiffness #<S WeEFWITY. Poull &4
S FAS e A7 fHAFe disiA BUA, SOS, 18 i Stiffness #kell Aol A
AbgtEol PP FHAR oY pp FAAE S Ze dEdAE
o wa EAHoR FeolsA e Fe vt &, &

dominant model2 7FAH3H, xx FHAAE S Z2E QA ES X UHEFHAE 2

£ Pp #AA4EE 2

fr

r_>.i

23S minor allele

= AgEd v SAFeR fosA ®<S BUA(P<0.001), SOS(p<0.001), L2
il Stiffness(p<0.001) #< YeEtWAY. 283 pp 547

dHFAAE zZe AtgEd HE FAAe® fFostA =& BUA(pP<0.09),
SOS(p<0.001), 18 i Stiffness (p<0.001) < VeIt v+ Apal®t Tagl
P g BUA, SOS, 183l Stiffness #tollAl SAIA 2= frog Aol g1l
o},

f.oFaldl, VDR®] Apal, Tagl %AA4tr874d S BUA, SOS, i Stiffness #k
M EAHeR frelg A¥del §llal, ERCl Adal, Pyull F+dA934L

F

BUA, SOS, 18]1 Stiffness @A Fog Aol Ao, olzst &4
AN AT FRAQAFe e QG FHAglol A dET
(Figure 5, 6).

rlo
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Table 7. VDR and ER polymorphisms in relation to BUA, SOS, and Stiffness

in strict vegetarian

. *
RFLP Genotype n BUA SOS Stiffness
Mean+SD P Mean+SD P Mean+SD P
Apal AA 2 69.45+11.24 1712.00+42.43 105.90+4.35
Aa 37  62.25+4.79  0.39 1645.51+£45.09  0.15 82.45+13.66  0.09
aa 41 63.25+6.36 1646.66+45.23 83.44+13.05
Tagl T 72 62.6045.81 1647.83+41.97 83.33+12.74
Tt 6 63.65+4.37  0.97 1668.33+70.87  0.28 89.78+20.81  0.31
tt
Xbal XX 1 55.6040.00 1626.00+0.00 72.5340.00
XX 18 60.08+6.23  0.05 1611.11432.34  <0.001  71.36+8.98 <0.001
XX 60  63.66+5.58 1658.65+42.12* 87.08+12.17*
Pl PP 12 60.77+6.47 1667.83+51.19" 87.71+15.95"
Pp 33  62.61£5.65  0.50 1623.91435.04  <0.001  76.64+10.52 <0.001
pp 35  63.62+5.84 1667.06+40.54" 89.40+11.81"

BUA=broadband ultrasound attenuation, SOS=speed of sound, *Stiffness=0.67 xBUA+0.28xS0S-420
1 p<0.05 (vs. Xx group) from LSD test, " p<0.05 (vs. Pp group) from LSD test

Table 8. VDR and ER polymorphisms in relation to BUA, SOS, and Stiffness

in semivegetarian

. *
RFLP Genotype n BUA SOS Stiffness
Mean+SD P Mean+SD P Mean+SD P
Apal AA 9 62.46+4.41 1658.89+40.51 86.33+11.06
Aa 62  61.9745.63  0.45 1643.56+42.77  0.53 81.72+13.12  0.46
aa 98  63.08+5.35 1647.94+41.34 83.69+12.52
Tagl T 155  62.68+5.19 1646.67+40.49 83.07+12.36
Tt 16 60.26+5.47  0.09 1651.06+54.79  0.91 82.67+16.17  0.92
tt 1 67.8040.00 1653.0040.00 88.27+0.00
Xbal XX 2 65.35+0.21 1661.00+4.24 88.87+1.34
XX 41 59.78+4.69  0.001 1615.17430.30  <0.007  72.30+£9.59  <0.001
XX 120 63.42+5.32° 1658.21+41.99* 86.79+12.32"
Pyl PP 17 64.76+6.26' 1672.29451.79" 91.64+15.05"
Pp 85 61.11+£4.66 0.003  1626.59+36.32  <0.001 76.39+11.03  <0.001
pp 68  63.56+5.54" 1668.81435.51" 89.85+10.34"

BUA=broadband ultrasound attenuation, SOS=speed of sound, *Stiffness=0.67xBUA+0.28xS0S-420
1 p<0.05 (vs. Xx group) from LSD test, " p<0.05 (vs. Pp group) from LSD test
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Figure 5. The effect of Apal, Tagl genotype on stiffness

strictvegetarian  sksk sk koksk kksk
semivegetarian

*H%k P<0.001

Figure 6. The effect of X2al, Pvull genotype on stiffness
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Table 9. Distribution of single genotype of the VDR and ER polymorphisms
according to BUA T-score

Normal BMD Osteopenia—Osteoporosis 2 o_
RFLP  Genotype (n=132) (n=134) X/ P-value
Apal AA 4(36.4%) 7(63.6%)
X?=5.02,
Aa 44(44.4%) 55(55.6%)
P=0.08
aa 80(57.6%) 59(42.4%)
Taqgl T 118(52.0%) 109(48.0%)
x?=2.98,
Tt 8(36.4%) 14(63.6%)
P=0.22
tt 0(0.0%) 1(100.0%)
Xbal XX 2(66.7%) 1(33.3%)
x?=0.76,
Xx 27(45.8%) 32(54.2%)
P=0.68
XX 91(50.6%) 89(49.4%)
Pvul PP 11(37.9%) 18(62.1%)
X*=1.99,
Pp 62(52.5%) 56(47.5%)
P=0.37
pp 51(49.5%) 52(50.5%)
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(1999)¢]

46.7%, Aa 48.9%, AA 4.4%, tt 0%, Tt 8.9%, TT 91.1% <% FAF

A A 8 (2003)2] =ol A FALE aa 55.1%, Aa
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=
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olygl wm=dro® A <Edoh(Krall, 1993; Pocock, 1987).
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S EEESC R
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HARES] T dARAA MRG0T t dAFARe] HMEERRT Egon,

Qo & AT dAFAA WE 97%, ¢ HAFAR

o WE: 3%)sh FAROE, MAES hFOR F AT hAFAA WNE: 61%,

t AR M 30%)9h thEA 2AFH S (Frank et al, 1993). ©|F 53
9

FAA NEe] glejA 2F 7 o] (ethnic difference)’t S AT 5= <)

gt st FAAS UdeRE 2AME 2 dA7AYd mEE, XX fFHAAE =
© 1.2%, Xx 24.4%, xx 74.4%, PP 11.6%, Pp 47.2%, pp 41.2% = eyt o=
g ode gaer zAE #§71519989)¢ AFAdelA dEd WEe XX
5.7%, Xx 30.2%, xx 64.1%, PP 14.3%, Pp 51.5%, pp 34.2%< A9 s A3t

E B Y 7 A Zol(sex difference):= Hol A gk}

A chi-square®] A= HAES s di, dFE FHAAF L¥E+= Hardy-

i i
g F v BEQS dEha vk Hardy-Weinberg 22 3 42 +

2RH 329 £
o 2YE FAG FAAFEe EE7F Hardy-Weinberg BE o2 HEH Hojd 3§
A= Adgade] ThsAde oAddA dr. 2 dFdAe FAAE 2t
Hardy-Weinberg B @25 HlojuA] etr] wiel ol& vddsol o<l

dekel Uat mAve 542 83 9gd AnE nov
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03 ARE g mE §33 98 AHEAE

VDR 329 Apal t8de F 9, ol & A 3% (heterozygosity) 7kel 0.3679
ol1, 8 H B X (polymorphism information content, PIC) ko] 0.30020] %1 ow,
Tagl B+@ e Aol oldHJF= ol 0116713, PIC kel 0.1167= Ep,
Apal B84 ASel PIC #ol 0255 z#stal mad e §44 I
(genetic diversity)S UJEFA Hbde] Tagl @A el ASd = oo wxxA R34
7] R §14 tdde] HAwErh vax e Ao vEyth ER AR
Xoal tt@de] A, oldHFE el 0.2325¢]3, PIC #ke] 0.2055°] e,
Poull 3849 AS$e= oldAd % Fho] 045620 1, PIC kel 0.3521% el
Poull Th&g e Ao PIC ghel 0255 Zwale] s =

¢
iy
ui

0,
ox
o

k
LERH v Xzal ttE ] A 34 gdde] AEVF AlaA ge Al
o ® UEy

w2t VDR F77k9] Tagl 343 ER FdA9 Xsal ttdde d9d=
PGB (PIC) kel 0.257Rbe] e detde]l 34 vdd A=t mfg w7
giell o5 v Adol oW 5E-E Aoy} P Folg AdAALE Ut
AR Fgr g S FA4AA FA(genetic marker)E o] &3l7|o = FE 7t uf

9

ot Wk, VDR FAd3e Apal ©+E/d 3 ER e Poull

F e FAAEE HH Aem
APk, a8y FAASS X983 avasT 9¢e] VDR ¥ ER #4xF ¢

ol et SAHeE Folg Aolzk gl oleld A= oE thF A

FAGToIY 20EFTY dFolu el HAZ FHdA FAVF ofd S YER
L Atk

3 AME7E EA(linkage disequilibrium analysis) S A BsS o Apal
W Tagl 9378 B Xbal3t Poull &7 Atelo] A¥dol = Aoz yeutth

Z Apal®} Tagl 7+e] 34 4= (coefficient of linkage disequilibrium, A)E= 0.51(x”
=124.85, P<0.0001)elR o, Xbaldt Poull 7Fe] AAAF= 0.38(){2:693.12, P<
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(Kinyamu et al., 1997). 7 ¢ & dFEd A= VDR F3A tddFdo =L
gednta Ex

3l tH(Krall et al, 1995; Ferrari et al, 1998). 2 A & Dawson-Hughes %(1995)

o mAl= 7o AVle HES S avEHE 2w T

2 3ZEA # (high calcium intake) Aol A= FH %7 VDR A2 o3 Ao
olgt Aol & WolA = Wk AL
FAaARGel vateo] FHolA Zao FUF F4AH
tha At o m5E FFal R 4 vy A9 -y dvin 2 A F
Fo Aol Aol7k A= VDR #FAA tddR =w= 39 HAzadd
(interrelationship)l A A Fxivlt A2 o8 AdE ZEANIE Aoz AZRE

& 9l
AN43W ATRLRAES 545 2w

T 2669 AT dAAES AAFIY w B
(strict vegetarian)= 84Mollew, £H9 ATdS #HE A4 F 9 A (lacto-ovo
vegetarian)et 71y A S 159 18 w9 He=g3
2] 9] 2} (semivegetarian) & - FEH Yo & 1821 ol o}

BB 2 o At (64.3kg, 22.5kg/m7)ell &3 oA AEo] A A F e A
(61.3kg, 21.9kg/m™M)ell %3 thdaSe] wa A5 (p<0.0D)3 A 2 FA 4 (p<0.05)7}
BT goldd = zAEGOU, o £A= WHOMA Ad 3}4%BMI 250
kg/m” ©12) 71&dl oatW AAFAR wolw, 2001d FUAZ - FERAHEA
EARL2002)1 A AR 504 #= g9l FAel @i AAEASF 239ke/m”
HOE i vk

A A F 2ol vl FERAAFALS] Hd g HFAZel FosHA

S A2 UEut(p<0.04). v w3 - QEEAH(RA AT, 2003)°
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TOOE RT O20004% #%Q #d LW FH(T00me/day)el = @ol FHF A
o= 2AHAH@FTYFS, 2000, Felvhet FEHA LA GHH DS
g ARI/ Ae 9Fa Fo el 53 @F w9 BF BHE AAFL
400~500mg/day @=(oldst &, 2000; F+3 &, 1998)% YEH o =919
448 AFoR ¥ ou AR gk nFAE Wy w9le AT

1200mg/day e & AHAgatar Slvh. of e} #Zo] m<ld oA Zae FE3 A3

g AAFEE AFEdAEe F14 G4 2d = A= VDR Apal,
Tagl F+3AGEH2 BUA, SOS, 181 Stiffness #tllA &AHS=2 {93
#del gldal, ERO X2al, Poull 340842 BUA, SOS, L#] il Stiffness
grell A el g Aol Aoy, olHe P A AT Y F A A 5o 9}
2o AAFEA daglol dFEA vt wEka A2 gl A VDR f

o 3

[e]

1o
ol

tlo
it

A4 W ER §14 G249 2REAde] Augde A4
A

A e Ao

Zg9E ol&dlH =RES AT Il A (FEA, 200000 s, & <
T HddAE<l 51A9F vl =gk 50~594 1E° A9 BUA #2 70.53dB/MHz

2 FAH[AY. E g2 32 23W 5019990 AAE dFH 2o FH7]

J
0

QUS® FZelM 4 3 4o BUA £ HW, 50~544 1§ 5499
H# BUA e 783dB/MHzozw Z=AHu, B Apfo s shatx)a g9
BUA #e] 63.0dB/MHz & ZAbso], dadg-e] Akl Tge His) e =
1% FA& B FA

AT dAARE] A ASAEC] T2 29RE % oS daaA
7F JdeAE Lol 3 Pearson 4# A4S 9 A7, BUA #*(@=-018,
p<0.01)3} BUA T-score(r=-0.23, p<0.001)=

rr
e
ot
i
o
10,
o
dlo
o,
et
)
)
)
il
T
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EFUITh ol 233 S(1999)9] HAAS G A% Pearson @A G
Hror AL Ay vEddg. 2 9 g8 HEE dadeE FEEe Fod 4
qE HolA ekt

VDR % ER f479 td4de FAs: 274e faddd ne 2u33

)

B2 <dolwy] 93] WHO A A3 7|59 wel BUA T-score ] -1~
-25 ¢ FAEFZTH -25 nwkel FgFSo, 28l BUA T-score #°] -1 H
g Z ddAES Ao F73 49, 44 EET 1324 (49.6%), =A 8t

S 1099 (41.0%), 181 v SaS 258 (94%)0 = 2AE A=, o= &

T(45.4%), 183 FGEFST(5.9%) FAS daEs B

FRaTES TS ST 9% VDR 2 ER f#x thgAde uwpe}
FAASE o ztol7k USlth olel &l Frost §(2000)2 Zth
Hekst= T-score g @A -2594 -18%& +HT A& Atsta Ao, =

of
ofN
f
4z
Gl

A WHONA Aot e a5 oA Fk(threshold)e DEXA(Dual

Energy X-ray Absorptiometry) 7171& 7|22 IAHE Folw BUA 71719 &

i

ox,
o
o

A A EE Vel Hastvdan AWsta Atk Frost (200002 A&

o
it

Az At A wHE 3714 BUA 7152 17FA DEXA 7]71& AM&38te]l &t

ot
olN
™

-

Gs & B A3 654 ol ode] Hit T-score #to] DEXA®R =43
1759 2, BUA Z7d7]e 9std -1.282 ZAEUAT ogha] BUAR 54
A -2571Fe A&stH 2uEFE AV 2%E ZAHIJSY -187FS
{83 FT3 S/ 17% 2 5oyt R,

o

it oon
(@)

7

iy

VDR SHAEz FHE9e d#del #I} B2 dAFEO Ed,
Matsuyama 5(1995)2 Bsml & A9 pb FHAE (Tagd A TT A=A
) z2te ddAEe] 25 Bb = BB FdAE S 2tE AMgE vE 22 %

¢ =77 AN goldvttn B a3t Kurabayashi 5(1999)

rlo
foi
it
g
=
o
iz
o

_48_



§ Tagl 849 TT F4AES 2te ddzAsdA 2Exe 77t

o Figra Rudtel VDR F44 thd/do] dwe Addide] vk Wit

o} 9 Kung 5(1998)2 30 o4& didea VDR

of ¥ AelA VDR §aA4G7 Az Alolo] omd Awdw @
gom, A Fxolgdo A VDR Fd4 dde =

& FHA ARV oyt A& uEth g, Riges(1995)= VDR A3

e de AFFEECA Felo]l UdEur, Yo7 4% VDR Fd4e] @A

== Abolo] Ad/do] FAadral &l

rlo

:i

2 dFd A= VDR 34 @47 28 E Alold ojug dddE wiy
A gkok=dl, ol A= W&V F(1999)°] AFNAME #HA
°] VDR a7 & g3t s Afold opfdl Audo] HAHA Fdthes B
Ay T AdS dde® AAE Kung 5(1998)e] Aol FARSSATE Wk
g AF F oAddA VDR 84 @A 53 dde dxEe 2% F
HAT 5(2002)9] Aol dEAES dom 3 AT
A VDR FHAe] v@dde] avtd s AAste A4 AAea B
Matsuyama & (1995)% Kurabayashi &(1999)9] 23 <}= et VDR v
o2z Addel W AFAFHTE =] gAY vk sk VDR v34d
o] ZHEEE JdFst=d Fad A e 9w = ofYrth ©@x VDR thE Aol &

Dol wA= Gl B4R a2 AA s 5 A Aol

0:

St A A

o

2 dFdlAe ERS Xzal, Poull 32 ©@A4e BUA, SOS, 18
Stiffness #tell A Aoz Folg A#dol AUt Fishere] LSD AFF H A
os) ztztel fHAge Fas EA3 Ay, xx FAALS ke ARES Xx
FAAFIY XX FHAAFE Ze A#EEd wE feodA S BUA, SOS,
Stiffness # < YEld dtHe Xx FAAE S 2= AMFHEY XX A48 S 2

AR E el SAIH R 73 AolE UEhlA FhH o= 30709 A

r1r

mlo



%3 ER Fdx vdAdd #AI WEtEYeA  Xsalel XX 5AHEA
(homozygotes) & 7FA &= AtgE9 A5 x g FHAAE 7HAE AbgEd vla =
ezl Aoz ston, malta FAZ Q3 f1go] gadygs dsts A4
H A &Y (loannidis, 2002), =<5 Wl Y Ad S o= F Lorentzon & (1999)

of ArelA xx FAAGES e HdAE] Xx FAAL S 2 dHEAEd v

rE

o,
o
24
o
it
T
o,
=
B
&
x2
v
-0,
v
ol
b
&
i
—
0
R
ol
o 1o
of)
Hl
s
oX,
o
=
0%
o
fru
_?1_44

st AAATHEAE dAF e 5 A5, 704 mRE RS A=
Zte AL Ed HlE AHSE
FolatA =S BUA(DP<0.001), SOS(p<0.001), 2 il Stiffness(p<0.001) #<
Btk 183 pp FAAE S 2E dAAES P ddEGdzE e AdEEd
g BAHe® §987 E& BUA(P<0.01), SOS(p<0.001), 2@l Stiffness
(p<0.00D) & Yetdideh. e 704 ol A EdME xx FAAES %
T AgEY X d¥fHAAE e AgEdd wE BAdeR fosA xS
SOS(p<0.05)¢k Stiffness(p<0.05) #*S HEFHAAR Poull B&ES Fdsk= 7
Ztel fFAAFE Ateld s EAHSR Fod AolE RolA & kth(appendix
table 4).
ER $47 g4y Fdze #3 2 A3 Axs ofxol §4& e
g Ongphiphadhanakul 5(1998)¢] <19 Long (2004)¢] Ad&A+E<lA ER
T2 @ el FEwet folg d9gds Helvke Aot Al Mattias

51999 W<l F4dS dHew 3 AFAME ER FHA tg@ddel d2 94
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2
(Salamone, 1996; Peacock, 1995; Fleet, 1995; Garnero, 1995).
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oofAelgle didem 3 dAgEdAxE dyd dades e dEd
(Hayakawa, 2001; Kim, 2001; Choi, 2000; Lau, 1999; Zhao, 1997; Tokita, 1996;
Ik, 1996). A% the drgae s Az oe o 2wdel E4% 4 e
de ndsd Pl ATYAEe AAsh elAefAselA anE A gt

w7 o em, A S AREe] $AGN Wele MEA TR Aol
7 e Aol Atk webd VDR 2 ER f474 wWelsl 2une d@e v
EooE Ads 94 BEFel AoE oE Atold Awye fHAdoR BUA
<l (homogeneous) | Fell A | 7 F49d + dth. & dFelM= &= Tl
AE 2thEse Eawsd Fdou Fme AA BAH Axm, ANF
Aol @3 FAEBENEWSTART)E SAe® & HS2gh AaddA (ifestyle), L

q
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ABSTRACT

Association of vitamin D receptor and estrogen
receptor gene polymorphisms and calcium intake with

bone mineral density in Korean vegetarian men

Kim, So Yeon
Dept. of Public Health
The Graduate School

Yonsei University

Osteoporosis is a growing health problem not only in women but also in
men with a strong genetic component. Vitamin D receptor(VDR) and estrogen
receptor(ER) gene polymorphisms have been strongly associated with bone
mineral density(BMD) in some studies but not in others.

The purpose of this study was to investigate the association between
polymorphisms at the VDR Apal and Tagl and ER JX%al and Poull gene sites
and gquantitative ultrasound(QUS) parameters in Korean vegetarian men, and
the interaction with calcium intake as an environmental factor.

QUS assessment of bone is a strong predictor of fracture and is currently
an FDA-approved tool to identify at risk of osteoporosis. However, few studies
have investigated the genetic and calcium intake correlates of QUS in men.
This study investigated the cross—sectional associates of calcium intake and
genetic factors with calcaneal QUS parameters(BUA, SOS) and polymorphisms
at the VDR and ER gene sites were analysed by restriction fragment length

polymorphisms(RFLP), using polymerase chain reaction(PCR) in 266 Korean
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vegetarian men(mean age 50.9 years). The subjects were divided in normal and
osteoporotic on the basis of the T-score values and also divided in strict
vegetarian and semivegetarian according to the diet status.

The distribution of VDR gene Apal and Tagl and ER gene X2al and Poull
RFLPs was as follows: aa 55.8%, Aa 39.8%, AA 4.4%, tt 04%, Tt 88%, TT
90.8%, xx 74.4%, Xx 24.4%, XX 1.2%, pp 41.2%, Pp 47.2%, and PP 11.6%,
respectively. Consistent with other studies in Asian populations this study
found higher frequencies of the a, T, x, and p alleles compared with those
reported in Caucasian populations. After adjusting for potential confounding
factor such as age, ER gene AX2al and Poull were independently associated
with BMD at the calcaneus. The BMD in men with the XX or pp genotypes
was significantly higher than in men with the X or P alleles. By itself, the
VDR Apal and Tagl polymorphisms were not related to BMD. When stratified
by age, the ER gene Poull polymorphisms were not related to BMD in men
greater than 70 years old. Nutritional factor analysis describes the increased
average uptake of calcium and total energy intake for the semivegetarians, but
there was no significant differences in the stiffness index between strict
vegetarians and semivegetarians. Dietary calcium intake was not associated

with BMD in the VDR and ER gene polymorphisms in Korean vegetarian men.

In conclusion, these results suggest that ER gene JXdal and Poull
polymorphisms are genetic factors which may affect BMD at the calcaneus,
but VDR gene polymorphisms defined by Apal and Tagl are not related to the

BMD in Korean vegetarian men.

Key words : VDR, ER, Men, Polymorphism, BMD, Calcaneus, Calcium
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Appendix table 1. Distribution of BUA, SOS, and Stiffness by age

Age(years) n(%) BUA(dB/MHz) SOS(m/sec) Stiffness*
20~29 3(1.1) 67.5 + 8.8 1613.0 + 16.1 76.8 + 5.4
30~39 61(22.9) 63.5 + 6.1 1647.4 + 47.1 83.9 £ 14.9
40~49 51(19.2) 62.7 + 4.7 1643.7 + 42.9 82.3 £ 12.6
50~59 75(28.2) 62.2 + 5.3 1653.2 + 44.1 84.6 £ 12.5
60~69 58(21.8) 62.0 + 5.3 1648.2 + 40.7 83.0 £ 12.3
=70 18(6.8) 60.7 + 5.1 1642.3 + 43.8 80.5 + 13.6

BUA=broadband ultrasound attenuation, SOS=speed of sound
*Stiffness = 0.67xBUA + 0.28xS0S - 420

Appendix table 2. VDR and ER polymorphisms in relation to age, dietary
calcium intake, and BMI

RFLP Genotype n Age Calcium BMI
Mean+SD P Mean+SD P Mean+SD P

Apal  AA 1 47.6+11.7 788.5+820.3 22.3+2.6
Aa 99 51.3+11.8  0.595 535.3+410.3  0.147 22.3+2.7 0.784

aa 139  51.5+12.2 547.4+337.3 22.5+2.7

Tagg 1T 227  51.3£12.0 545.8+399.2 22.4+2.7
Tt 22 48.8+10.3 0.325 571.9+341.2  0.967 219422 0.671

tt 1 65.0+0.0 573.040.0 22.0+0.0

Xbal XX 3 48.3+13.6 657.7+545.2 22.0+1.7
XX 59 52.2+10.9  0.757 505.2+309.8  0.428 22.6+2.7 0.614

XX 180  51.1+124 571.2+393.0 22.2+2.6

Pvdl PP 29 53.5+10.6 491.6+316.1 23.4+2.7
Pp 118  51.5412.1  0.309 584.0+461.2  0.558 22.3+2.4  0.051

pp 103 49.9+12.1 565.4+349.6 22.0£2.8

BMI=body mass index
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Appendix table 3. Distribution of calcium intake of the VDR polymorphisms

RFLP  Calcium intake Genotype Calcium intake(mg/day)

(mg/day) (n)

Mean+SD Sig® Sig®
Apal Low AA(B) 301.7 £ 85.7
(<400) Aa(44) 274.7 + 74.2 0.39 0.26
aa(59) 260.8 + 81.2
Middle AA(2) 630.0 + 80.6
(400~800) Aa(40) 544.4 + 116.3 0.33 0.27
aa(50) 575.2 + 116.6
High AA(3) 1868.0 + 926.61
(>800) Aa(15) 1275.6 + 568.5 0.01 0.02
aa(30) 1064.4 + 245.2
Tagl Low TT(102) 270.4 + 78.7
(<400mg/day) Tt(8) 289.5 + 90.2 0.51 0.51
tt(0) 0.0 + 0.0
Middle TT(83) 562.9 + 118.3
(400~800) Tt(11) 576.5 + 87.3 0.93 0.71
tt(1) 573.0 + 0.0
High TT(42) 1180.6 + 483.1
(>800mg/day) Tt(3) 1308.0 + 155.1 0.65 0.65
tt(0) 0.0 £ 0.0

*: p<0.05 (vs. aa group) from LSD test
Sigi: For overall differences between genotype groups according to the Fisher's LSD test
Sig.”: For overall differences between genotype groups according to the minor allele dominant model
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Appendix table 4. VDR and ER polymorphisms in relation to age, dietary calcium intake, BMI, BUA, SOS, and Stiffness

stratified by age greater than 70 years or less than 70 years

N Age Calcium BMI BUA S0S Stiffness™
<70 =70 <70 270 <70 270 <70 270 <70 270 <70 =70 <70 =70

AAorAa 103 7 4974110 72.643.6 540.4+4559 502.2+318.9 22.24+2.7 23.6+1.8 62.44+5.44 59.20+3.18  1647.40+43.51 1636.71+52.30 83.11+13.23 77.95+15.44
aa 128 11 49.7411.1 71.843.1  559.84343.3 458.0+317.9 22.5+2.8 22.4+2.2 63.28+5.62 61.45+5.86  1647.49+42.85 1648.36+38.02 83.69+12.71 82.72+12.24

P 0.997 0.642 0.713 0.889 0.305  0.244 0.259 0.367 0.987 0.591 0.734 0.476
TTorTt 232 17  49.6+10.9 72.143.3 547.7+391.0 553.4+444.7 22.3+2.7 22.742.1 62.66+5.39 60.67+5.14  1647.89+42.73 1646.76+42.44 83.39+12.93 81.74+13.19
it 10 65.0£0.0  0.0£0.0 573.04£0.0  0.0£0.0 22.0£0.0 0.0£0.0 67.80+0.00 0.0£0.0 1653.0040.00 0.0£0.0 88.2740.00  0.0£0.0
XXor Xx 59 3 51.0+£10.4 70.7£1.2 507.6£317.8 610.7£413.56 22.442.6 25.3+0.6 59.9945.27 59.73£2.00  1616.93£31.31 1590.33+10.97 72.94+9.68 65.31+1.73
XX 165 15 49.3+11.2 724434 571.0+387.5 573.2+464.9 22.242.7 22.3+1.9 63.754£5.33 60.75+£5.44  1658.70+42.30 1654.53£38.64 87.15+12.23 83.97+12.39

P 0.299 0.411 0.259 0.899 0.531 0018  <0.001 0.759 <0.001 0.013 <0.001 0.021
PP orPp 136 11 50.2£10.7 71.943.1  561.4+432.9 619.54505.2 22.5+2.5 22.942.3 61.89+5.29 61.214£6.05 1635.07+42.61 1629.274£48.06 79.29+12.78 77.21£15.71
pp 9% 7  485+112 724436 569.0£350.5 516.4£359.3 21.9+2.9 22.7+1.8 63.8745.66 59.59+2.82  1668.32+38.12 1666.71+£19.84  89.93+11.1 86.60£5.47

P 0.241 0.749 0.887 0.646 0.139  0.854 0.007 0.519 <0.001 0.070 <0.001 0.150

BMI=body mass index, BUA=broadband ultrasound attenuation, SOS=speed of sound, *Stiffness=0.67xBUA+0.28xS0S-420
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* p<0.05, =#x p<0.001

Appendix Figure 1. VDR and ER polymorphisms in relation to stiffness
stratified by age greater than 70 years or less than 70 years
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