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ABSTRACT

This study was carried out to compare the relationship between biochemical indices and bone mineral density (BMD) in
50 pre-menopausal and 50 post-menopausal women. The subjects were divided into normal and risk groups according to their
bone status, as determined by T-scores of the lumbar spine and femur. The average T-score of the lumbar spine was higher
(p<0.05) in pre-menopausal women (0.42+0.18) than post-menopausal women (—0.08+0.21). Serum levels of HDL-cholesterol,
P, and Fe were significantly higher in the risk group than the normal group in pre-menopausal women (p<0.05). Serum levels
of total protein, globulin, alkaline phosphatase (ALP), and osteocalcin were lower in the risk group than the normal group,
whereas the level of estrogen was higher in the normal group than the risk group in post-menopausal women (p<0.05). In
pre-menopausal women, P was positively correlated with Ca (p<0.01), and ALP was positively correlated with osteocalcin
(p<0.01) and parathyroid hormone (PTH) (p<0.05). Further, insulin-like growth factor- I (IGF-I) was negatively correlated with
the vitamin 25(OH)D; and vitamin K (p<0.05). In post- menopausal women, the Ca was positively correlated with vitamin
25(OH)D; (p<0.05) and vitamin K (p<0.01), and P was positively correlated with vitamin K (p<0.01), Ca (p<0.01), and IGF-I
(»<0.05) and negatively correlated with PTH (p<0.05). IGF-I was negatively correlated with PTH (p<0.01) and estrogen (p<
0.05), and ALP was positively correlated with osteocalcin (p<0.01) and negatively correlated with vitamin K and estrogen
(»<0.05). In pre-menopausal women, the lumbar spine BMD was positively correlated with vitamin K level (p<0.01) and
negatively correlated with P level (p<0.05). In post-menopausal women, the femur BMD was positively correlated with estrogen
level and negatively correlated with PTH leves (p<0.05). These results suggest that vitamin K and P levels are associated with
bone health in pre-menopausal women, and estrogen and PTH levels are associated with bone health in post-menopausal women.
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3 ltk(Holroyd C & 2008). =7+24~F(osteopenia)©| & =
UErl FAET Sol& A E Dotr, o352 J9A
25, 2SS 2 ddEE 5 Euee
WA g) = 7 oY Tt(WHO Scientific Group on the Prevention
and Management of Osteoporosis 2003). -2z} o]A 52
T FHES Aol AR wet AfolE vEhf o]
16(Lee JS 5 2006)~43.5%(Koo JO 5 2008) A =& H15]
o] ot} T =] J3FS nAE Q9o 7E 43 (Makay HA
5 2003), A% (Son SM & Lee YN 1998), A9 A]<*(Pop LC
T 2015), 9 FA A3 FH(Tucker KL 2014; Heaney RP & Lay-
man DK 2008), &3-&°]u} 7191 A3 (Lamichhane AP 2005),
% 2#(Zarrabeitia MT 5 2007), 42| pH(Timothy RA 2008),
Ay3}s}t R 95(Looker AC & Mussolino ME 2008; Oh SI 5 2003)
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factor-I(IGF-1)2 Z3ZA|EA BH|EH, & Ao 583+
ek sl (Bikle D & 2001), U=} o] ¥4 S YE}
WATHYoon JW 5 2015). Osteocalcin =3+ I A A HE 2
SFUE bone matrix2] non-collagenous protein®] °F 15%%E =}
A& (Civitelli R 5 2009), 4d7] D #7379} o] & A
gho] F7HE A7)l =vkar 4 A 2lal(Lee KM 5 2005),
HIERR K o]&4 Thld = vleld] K] 23S Hrlkete B
o A A% Fo] shtrxE 424 2= (Knapen MHJ
5 1989), B2 Ao oJehH 3E = osteocalcin®] FEE
w3t g wpel ke Aoz Il ATHOrwoll
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%) 71(Dual energy X-ray absorptiometry-DEXA : DPX-Bravo,
GE)E o|&3dtd atta5e Fa A7t 5= 79 &5
9} HEZE 43 th 85 (lumbar spine, L2-L4)= A 2~
4 937K 9] FUE FHRE AR L, UlE S(femur)
& 73 H(femoral neck), &= 425 (Ward’s triangle) 2 T
¥ AAF(femoral trochanter)e] H FUEE A3
ZUE = WHOS] 7]55(World Health Organization 1994)<1
(773 32 421e] it =)ol v WX (T-score) & 7]

FO®<-25; BTHFF(osteoporosis), —2.5~—1.0; ST
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Ao 2HE Liquid chromatography-tandem mass spec-
trometry(LC-MS/MS, API 4000, AB SCIEX, US.A)Z ©]&
3tod H]EFR] K(phylloquinone)E &35t @30 25
F A (total protein), EH-F(albumin), ==E(globulin)
9! <Ql(phosphorus, P)< H|AH -5 o] &3] ADVIA 2400(Sie-
mens, U.S.A)SZ Z%3}31.2H, alkaline phosphatase(ALP)=
IFCCH(PNPP)< ©|8-3} enzyme rate assay' &2 #2435}
o). S22 E(total cholesterol), T A W(triglyceride; TG),
HDL-Z#|2E| & 9! LDL-Z¥|2H &2 &4 (enzymic colo-
rimetry method) &2 #2418} 0™, Y E E(sodium, Na)Z} Z
E{(potassium, K)< ISE Z="H(lon selected electrode method),
ZHg(calcium, Ca)2 Arsenazo 111 ¥, E(iron, Fe)< Bathopte-
nanthroline Z1FH-& o] &3] 7}7t B39} o ~E=ZA,
BIEFT] 25-(OH)D; 2 insulin like growth factor-I(IGF-I)<
CLIA(Chemiluminesent immunoassay), ~12]1Z PTH®} osteo-

calcin ECLIA(Electrochemiluminesent immunoassay)R -2
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Table 1. Bone mineral density of the subjects (T-score)

Pre-menopause Post-menopause ~ Total

(N=50) (N=50) ~=1000 7
LUInbaI 1) *
. 0.42+0.18 ~0.08£021 0.17+0.14 0.0
spine
Femur  0.02+0.16 0.07+0.16  0.05+0.11 —021

D Meantstandard deviation.
" p<0.05.
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score= 212} —0.91, —0.64(Park JY 5 2011)°]] v]&f & &
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o FsIAE g2 7MY L ARES gl dldehs o
o vls] ZE o] 2zt 2,989} 2.20) & Ao Z YEh,
SUETL A AF oA SHYEE ST F e A
23 Akt a 3Fth(Kroger H 5 1995).
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Fig. 1. Classification of the subjects according to bone health criteria®.
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Osteoporosis

Y Normal: >—1.0, Osteopenia: —2.5~ —1.0, Osteoporosis: <—2.5.

3 9F 601 A AkEAY HA 39 145%7F atheE, =55 2E957F okl g Kim MS & Koo JO(2008)2] E.
55. 8%7} ZtaZolom, F Aol 5844191 A o 19} FARSE S Hou, HAE & APED AF AF
A A7 9] 147%7F EEF, 39.0%7F SHAToR o] BEFE UL} wrial ¢ Oh 5(2002)9] E k= tf
YebgtthJung TS %5 2011). & Agolgk A2¥E Btk

Table 2= Fig. 19 Yebd thdAE2] = A7 ejo] o il d FeE vlwel] BA H0E A g ER] S, T
& EFE e R e fETor ERath &, 4R, FREY e 2% 7 k] {23 Xjolr) gl
2 e U BE el HAE, e dEE & 1, H7A T oAE Asole EEY v o 1) o3
ou @ Folgtxs AT T ISl de A5 98 2ol 7F glYlon, Fehuld 1 FREY e 27 fE
TOo = st viE A3 Hd A - F A E BT 58.0%7F % (7.5+0.4 g/dL, 3.040.2 g/dL)°] #’F4(7.3+0.2 g/dL, 2.8+0.2
&, 42.0%7F 1@l &shalvh gLyl wlsl fo sl Al YERETHp<0.05). e A% 36

Al ml=e] #73 d AGE] Afel sEEs 84 i

2. @5 MsEX|e 5yl 28452 Uoptty Bud b g rJr(Lu LIW 5 2009).

A4 25 AUEY A7 d q4ER1 A5, S HE

1) cteddl, X|&, 2713 A HERl s A4, LDL-ZY| =8 = EEELZ}E] %916& zkol7} gk

Table 3= tl/dAF=e] A%z I3 g, X4, 7714 2 3L, HDL-Zd| 2B & 55E 918 4(64.1£16.2 mg/dL)o] &
HEN 28 Yepd Zlolth A3 A4 A 850 4 ’F(56.7+8.5 mg/dL)l| H]&ll FJshAl =k Th(p<0.05). °]+=
§-, AdTL 37.048.74], AT 34.129.94 2 Fdo] ¢ FUEE 24 AP FEe foa FAGS JehA] &udd
ol vl3l] oF 34 = Eokont, o k] f2l3t Afol= §l H7 A oA E(Lim JH 5 2008; Oh SI 5 2003)3} =U =&
Aar, AE F APEL AT 5554504, DT 557441 B Zﬂx]ﬂ 3 HDL-ZH2HE =9 2o Z88E
AE Aol frAslSt ol B A A4S0 A1 'l B UERIAY #7 A o E(Lu LIW 5 2009) 7= Tha Z}o]

Table 2. Distribution of bone health group in the subjects

Pre-menopause Post-menopause
Total
Normal Risk Normal Risk
Number (%) 29(58.0) 21(42.0) 29(58.0) 21(42.0) 100(100.0)
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Table 3. Levels of serum proteins, lipids, minerals, vitamin 25(OH)D; and plasma vitamin K; in the subjects

Pre-menopause

Post-menopause

Normal Risk p Normal Risk p
Age (yrs) 37.0+ 8.7 34.1+ 9.9 0.193 55.5+ 5.1 55.7+ 4.1 —-0.756
Total protein (g/dL) 7.5+ 03 7.5+ 0.2 0.798 7.3+ 0.2 7.5+ 04 —0.024"
Albumin (g/dL) 4.5+ 0.2 4.6+ 0.2 —0.625 4.4+ 02 45+ 0.2 —0.593
Globulin (g/dL) 3.0+ 02 3.0+ 0.2 0.932 2.8+ 0.2 3.0= 0.2 -0.015"
Total cholesterol (mg/dL) 173.7£22.8 183.3£31.9 —0.193 206.1+£33.3 193.6+32.4 0.804
Triglyceride (mg/dL) 72.0+£24.0 61.9+28.1 0.382 103.7+58.0 96.9+49.1 0.546
HDL-cholesterol (mg/dL) 56.7 8.5 64.1£16.2 -0.021" 55.5+14.0 52.0+ 8.1 0.094
LDL-cholesterol (mg/dL) 98.4+21.7 101.9+21.4 —0.491 122.1£30.0 116.6+26.7 0.603
Ca (mg/dL) 9.6+ 0.2 9.7 0.3 —0.726 9.7+ 0.3 9.7+ 0.3 0.930
Na (mmol/dL) 140.5+ 1.2 140.0+ 1.2 0.306 142.7+ 1.8 1424+ 1.5 0.413
K (mmol/dL) 4.5+ 03 4.4+ 03 0.125 4.4+ 0.2 4.6+ 0.3 —0.082
P (mg/dL) 3.7+ 04 3.9+ 04 -0.020" 3.8+ 0.5 3.8+ 0.5 —0.954
Fe (ug/dL) 92.3+44.0 111.8+40.0 -0.015" 97.3+46.0 106.3£34.2 —0.465
Vit. 25(OH)D; (ng/mL) 16.2+ 4.5 15.6+ 5.6 0.356 18.1+ 5.3 18.9+ 6.2 —0.090
Vit. K; (ng/mL) 1.1+ 0.5 0.9+ 0.4 0.085 1.3+ 0.8 1.1+ 0.7 0.092
" Meantstandard deviation.
* p<0.05.
} AR A F A5 Arolle FEUZEE, A 2ok dAsisith a2l HE] s=E AvEd 93 vg

4, LDL-Z¥| 28 E % HDL-Z9| ~H & 5= & 7H] &
«l??} ZFol7 A o= HA T A5 sdEE 84

AAFE=9} Ffolat Fide] It Koh YY 5(2006)2]
K} 121 St #1E = vws] 2y A7
9 A5, Zg, UYEE B 2F vEe 7 19 e A
o7} gl OiL, 1 g A e 47 Aol 3.940.4 me/dL,
111.8+40.0 pg/dLE B4 3.740.4 mg/dL, 92.3+44.0 pg/dLo
Hlal folabAl A UERATH(p<0.05). ol #H17 d o359
g Ql e FUE FH A9l Jge FAUE Park 5
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THLooker AC & Mussolino ME 2008). 12| 12 ¥ t A=<
G el K9] s 3k o 1He] o8 Alol= 01219_‘%,
A7 A -F AHELS 25 F47(1.180.5 ng/mL, 1.3+0.8

ng/mL)°] $13:(0.9+0.4 ng/mL, 1.1£0.7 ng/mL)°]| H] oH =7
e HIE K= glutamic acide] 712528l Tl
y-carboxyglutamic acid(Gla) Aol Z42 <] cofactori’ﬂ 2}

25194 (Vermeer C 1990) =
31 B a%o] Jti(Koshihara Y 5 2003). =

< &% n|ghvl K, %Et Y=o}

‘63/32 uj’—,

0%
Lo

trogen =21
Ehd Aolt} Ol-é— = ﬁri’:‘ *ﬁzﬂrfﬂ A= & A ARE
= RUEE] gl Ao R o] &5o] giti(Cashman
KD 2014). B vpe} o] H7d H S0 A+ o185 =
= o 2] 793 2pol&= gl e, ALP, osteocalcin 2 PTH
o] e Yol 247} 55.0+£12.5 UL, 16.3+4.9 ng/mL, 38.9
+14.8 pg/mL= B4 49.7+11.6 U/L, 15.046.4 ng/mL, 33.3+
13.8 pg/mLell ®]al] =htt ", IGF-I ¥ estrogen 3%+
Adaro] Zh2; 227.8+78.7 ng/mL, 185.5+105.0 pg/mLE 9]
B 226.1+77.3 ng/mL, 170.8£119.8 pg/mLell B8] =3k

73 § 34E< 735l IGF-1 3 PTH H7 A 44
S R R 2 2E] {23 Atol = flle, IGF-IS %
244(163.4+50.3 ng/mL)°] $18(161.3+44.6 ng/mL)°l H]al,
PTH= & w(38.6+15.1 pg/mL)°] % 37(34.0£11.5 pg/mL)
o vlal =A Jebsdt) sk, ALP 2 osteocalcin®]

T
TEE

T
Tee ¢
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Fro] ZHz} 70.1+14.9 U/L, 24.9+8.3 ng/mL=E A AT 60.6+
15.1 UL, 19.1£6.4 ng/mLell H]3l] f2]3H] 3=2(p<0.05) WHA,
FEE HAT(57.97+20.1 pg/mL)°] HE TH(40.8+

YERGTHp<0.05). ©]4<]
= 17 el vlE Eﬂﬁ T =

estrogen2]
18.8 pg/mL)ell Hlaf #-2JstA =
Ao A B o dE5e] 59
U AstetgAate] 9=
2 AL A H7 & =
HAS Ee B A" 56.14<

A9 #7d 1’4 5(0Oh
SI 2002)]l B]3]| osteocalcin & PTH| FEE & F50]3
31, ALPE B2 FE0llth 12]3 ALPE 234 ZollA &

HE = = 34 A3 O}L}i H7 & & Hg-E(bone turn-

7kl e & £do iSste 95 st 5
7Fetha & Johason JS —(1998) 2 ALPE ¥ A - F o
AE BT 295 39| A eIt g Park JY
5(2011)2] B9} 22 733Fo]Qlt). Osteocalcine A4 A
Ao 7P &M AHeEl= = 34 A shtE(Calvo
MS &

1996) bone matrix2] non-collagenous proteine] F 15%
A2
g

over rate)

3} (Civitelli R 5 2009), * /\Lﬂﬂ 9 77| e} 2ol

o] Z7H A7]el Eolxltkal ¢elA UthLee KM &
2005). % osteocalcin®] TE=& 11—_§]-7} AP wpa} =7}
St Ao Z delA lom(Orwoll ES & Deftos LI 1990),

=
=

Sz
=

osteocalcin FE3F H7A A . T S A Yol SLE} S
o] e Yepdtka Baso] gtkPark 1Y % 2011).
IGF-I& =4 2 % 7l 2529 JX]'ﬂGlustma

AG T 2008) i+ A} AFelA IGF-1 #H17 2 - & A=
B 7ke] felgk Atolrt g, ols AAES] A9

IGF-I2 ZUx9}l oFo] A#d S vepditia 3 H 3 (Barrett-

Connor E & Goodman-Gruen D 1998)2}= =}o]7} 911t} PTH

= AW Zg g 24 <X Hamann KL & Lane NE

20002 85 B S AR 7} s 03

e A 2 = F5E TVHIA &
>

721 S (Murray T™M & 2005). u%l%‘@*é%cd 3<%, PTH=

/\ =z =
g TE8
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Table 4. Biomarkers related to bone mineral density in the subjects

Pre-menopause

Post-menopause

Normal Risk P Normal Risk P
ALPY (U/L) 49.7+ 11.6% 55.0+ 12.5 —0.087 60.6+15.1 70.1+14.9 —0.035"
Osteocalcin (ng/mL) 150+ 6.4 163+ 49 —-0.226 19.1+ 6.4 24.9+ 83 —0.021"
IGF-1" (ng/mL) 227.8+ 78.7 226.1+ 77.3 0.882 163.4+50.3 161.3+44.6 0.645
PTH" (pg/mL) 333+ 13.8 38.9+ 14.8 —0.062 34.0£11.5 38.6+15.1 —0.206
Estrogen (pg/mL) 185.5+105.0 170.8+119.8 0.086 57.97+20.1 40.8+18.8 0.018"

D ALP: Alkaline phosphatase, IGF-I: Insulin-like growth factor- I, PTH: Parathyroid hormone;

* p<0.05.

Y Meansstandard deviation.
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Weo} o) AP VehRthe Ra7b l(Sneve MI
5 2008) W, BUES felg o) gisite Bk
It Garnero P %5 2007). £ thdAHE2] estrogen FEE ¥
A % ASolAR BUEH] Be Fo)@ o2 ehng
=, ©]= estrogen FE= H7Z A AHER] Aol =Y
=of whe} frolet 2hol & YEliA] @gtthal @ Lu LIW 5

(2009) 2 77 F AXoAl = L xol| JFES vX & v+
83} Qlxlglar 3t Zarrabeitia MT 5(2007)2] H 19} L X
3159t Rapuri PB 5(2004)% estrogens = S5 A5}
o] & A%l 3AQ Je ok Bk vl glon, 7
73 % estrogen F=7} 7Ashd HIEI 1.25(0H),D;2] 24
o] HaHo] Cad] E47h PHAE T, o2 old] WA A

7

To] 4= PTHE| #H|7F 3= & &4o] S7idnn
E ¥ v} Jch(Epstein S 5 1986).

3. = B MEiX|eEe| Az

Table 5 3 Table 6= 77 A - F A E] & H A3}
A G594 #AHdS JER Holth #7 d A44E1 4

%, Q1 T folatAl o] S JERA(p<0.01),
IGF-1:= HERl D g H]ERR] Ko} folstA &9 i<
YERN) 2™ (p<0.05), ALP= osteocalcin(p<0.01) % PTH(p<
0.05)°F frelatAl el F8dS vepligich

H7 F A5 Aol 2 HEN] Dp<0.05)
HIEF K(p<0.01)} frefabAl 9] 434S e, <
£ v K(p<0.01), Z(p<0.01) ¥ IGF-I(p<0.05)3= Fr2
SHAl kel Zdeds vrERd WA, PTH(p<O. 05)9}: ol st
Al 9] AdE JeRiIth 283 IGF-12 = fe
SH| OH 2324 -S(p<0.05), PTH(p<0.01 estrogen(p<0 05)

Y= FoHA 29 ATAdS JERICH, ALPE osteo-

)

o
oX,
ol

fiobAlo} ki

calcin®= ol o] 4TdS(p<0.01), HIEFT K Les-
trogen?h= o3l 2o -2 JERNATHp<0.05).
o] /gellx o] npe} o] AR FE It e #d

e A7 5 g5l A7 A clgEurt o 2 Aoz v
ison, & 24 A vad B A B 4
ulmal)s ole] Sk, vlER D St PTH sk 9] 3

#2(Gordon CM 5 2004)=, estrogen & 9]rli & g
(Oh SI 5 2002)= Yebdthy g HuE, T2a Z4F 5%
= estrogen(Kang RN 5 2008) 2! PTH &X(Oh SI & 2002)
o Fo] A S UeRthE BaEd Addet Afolzt 9l
k. Vermeer C 5(1996)l 2] #H7 T estrogen?] F=
7} ZF4sk HIER 1.25(0H),D; E4¢] HHaE o] Zge] &
F7F AstEH, o] &2 Qs EH ZAw w=rt iy wet
PTHE] &¥]7} X150 & £4do] S7Hdva stk

sk
A7 F 45 Aol A4 Qe gl 8 2
e ol A foIP IS e gston

Ur(p<0.05), estrogenJ/]-T: frolstAl el S YR
(p<0.05).

olde] AifellA B = T sk
HEQ 3ol 2o, A7 F 452 72

Table 5. Correlation coefficients among the bone related biochemical indices in the pre-menopausal women

Vit. 25(OH)D;  Vit. K4 Ca P Osteocalcin IGF-I PTH Estrogen ALP
Vit. 25(0H)D; 0.076 0.304 0.056 —0.504 -0.022"  —0222 0.443 —0.680
Vit. K, 0.105 0.065 —0.312 —0.034"  —0301 —-0.278 —0.124
Ca 0.001” 0.214 —0.223 -0.127 —0.780 0.445
P 0.678 0.033 —0.057 -0.333 0.565
Osteocalcin —0.067 0.605 -0.065 0.001™
IGF-I —0.061 —0.080 0.442
PTH 0.552 0.028"
Estrogen
ALP

* p<0.05, " p<0.01.
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Table 6. Correlation coefficients among the bone related biochemical indices in the post-menopausal women

Vit. 25(0OH)D;  Vit. K Ca P Osteocalcin IGF-I PTH Estrogen ALP
Vit. 25(0H)D; —0.800 0.020" 0.095 —0.497 —0.104 —0.043 0.393 —0.245
Vit K, 0.001" 0.001" -0.339 —-0.054 —0.095 —0.852 -0.042"
Ca 0.001" 0.303 —0.147 —0.067 —0.051 0.596
P 0.780 0.017°  —0.046"  —0.143 0.406
Osteocalcin —0.051 0.618 —0.053 0.001"
IGF-1 -0.001"  —0.033" 0.678
PTH 0.908 —0.822
Estrogen -0.033"
ALP
* p<0.05,  p<0.01.
Table 7. Correlation coefficients between bone mineral Rgf ':,'—J é%
density and biochemical indices of the subjects
Pre—menopause Post-menopause Eﬂ% ;d :6’: Oq/é% Z]'—Zl— 50%%‘] 'é— 100“3% EH}E}O = 0:1
=9 2k & Y AR w4 &

Lumbar Lumbar

spine Femur spine Femur
Vit. 25(OH)D; 0332 0.285 0.544 0.286
Vit K, 0.028" 0.064 0.075 0.134
Ca -0.365  —0.755 0.125  —0.454
P -0.010" —0.197 -0.090  —0.243
Osteocalcin —0.059 —0.223 —0.233 —0.421
IGF-I 0.192 0.613 0.087 0.128
PTH -0.091 —0.146  —0.108  —0.048"
Estrogen 0.436 0.789 0.061 0.015"
ALP -0.065 —0.190  —0.088  —0.190
" p<0.05, ™ p<0.01.

o] o B S nxE= Aor B #H74 A oA

o] 93 FUE+= HEW D F5(Lim JH 5 2008) % estrogen
F&(Lu LIW 5 2009)¢} frol gt dado] glivte His

I 2 7ol

o &

), Hsu YH 5(2006)% #7 & A4 E
osteocalcin F=} F-J3HA &2 H
< Uehitia st & 87 & A5 A Aele A
o]7} AT} Lim JH 5(2008)& ot E<] 25 &3 7
F ot UE U= fog 2o FdS Hla, 2
7 25(0H)D; 2 AA FEE IUES} Fo3 ol
otz Eugt vf gih

ﬂmﬁt

A A% ese BUs

. 8F FYUE9] T-scoreE J%]ﬁ A oA E(0.42+0.18)°]
H7d & dE(—0.08x0.21)° Ml FrelatAl =%k

(p<0.05), ¥ SEE2] T-score= #74 7 -
2te) 71 giolth

F felg

7V B2, 22%, 32%7F F aTol
7} 76%, 86%7F B, 24%, 12%7F BaZo A, &
gFEe J74 A9 A% & 1= ¢l9a, #74 39
ZoA 2tz 6%, 2%= JEFstTH

ol 749, ¥ HDL-ZH 2HE, 9 2
A to] Adtell &l felshAl =ska

%] A5 o4 9 2254 %E—t—
g ro] Aldrel Bls] frolshAl = 3kth(p<0.05).

%! 735, B3] estrogen %E‘C ol

3 oA =2 whA, ALP 2 osteocalcin
3 Aol vlal frelshAl =9k

N2 Ty frolshAl ok A

A8 VERA 3(p<0.01), ALPE osteocalcin(p<0.01) 2
PTH(p<0.05)°} frolstAl o] 48 E el en,
IGF-1-= BEfY] D 9 HERRI K&} frolatA] 52 484
< YERIITH (0<0.05). H17 T AAEQ] 9ol 2
< H]EN D(p<0.05) 2 H]EMI K(p<0.01)<} #2]351A
ol S VeRA) 912 HIER K(p<0.01), 25
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(»<0.01) F IGF-1(p<0.05)7} frJatAl &e] dHdS

ERfI2l o], PTH(p<0.05)°k= frelstil &<f 489S
YERARL AL, IGF-12 PTH(p<0.01) ¥ estrogen(p<0.05)2}

el &9 S JeERIITE ALPE osteocal-
cin(<0.01)¥= fro]shAl o] S vERd v,
HIERR] K 2 estrogend}= 95kl &9 A= o
BRI 2 BH(p<0.05).

6. ‘1:]]74 bl o:]/ﬂ‘: 7:1 ]]‘;],D] Kg}___

frefebAl kel dade YERd(p<0.01) ¥, Q1=
frelstAl 59 S JdERIAThp<0.05). #17
oA ERQl A Sl tEH SEEE PTH= ol =
9] S UERA(p<0.05) WHA, estrogend= F-2] 3}
Al Fel FHES FERIATHp<0.05).

m
e

o] Aol A Ay Hle} o] o 1)
¥ HDL-ZY2HE, Q1 2 3 b:_‘_oﬂ o 5}_% w7
estes), 97 F o4Ee BUEe
trogen F=ol JgFS ¥
AP Ee] 25 S
F0h e A%l
¥ estrogen $=7} =& 7%, PTH 5571 B
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