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— Abstract —
Comparison of Biochemical Bone Markers in Postmenopausal Women

Yoon-Sok Chung, M.D., Min Kyung Song, M.D., Deok Bae Park, Ph.D., Hyeon-Man Kim, M.D.
Young Ae Lim, M.D.*, Yun Sik Kwak, M.D.* and Duck Joo Lee, M.D.¥*

Department of Endocrinology and Metabolism
*Department of Clinical Pathology,
#*Department of Occupational and Environmental Medicine,
Ajou University School of Medicine, Suwon, Korea

Biochemical bone markers, specifically intact bone gla protein(BGP:osteocalcin), N-Mid BGP,
total alkaline phosphatase(ALP), bone ALP, procollagen type I C-terminal propeptide(PICP), type I
collagen C-terminal telopeptide(ICTP), deoxypyridinoline(DPD), were measured in Korean post-
menopausal women who came to Ajou University Hospital. Most of the biochemical bone markers
significantly correlated with one another. Total ALP, N-Mid BGP, intact BGP had significant correla-
tion with femoral neck BMD. Multiple regression analysis revealed that ICTP was significant bio-
chemical bone marker which influenced spine BMD. It also revealed that N-Mid BGP was signifi-
cant biochemical bone markers influencing femoral neck BMD. In conclusion, biochemical bone
markers in Korean postmenopausal women had significant correlation with one another, and some of
them were important factors influencing bone mineral densities.
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rate) # &FF5& (bone resorption rate), &, =
23)€ (bone turnover rate) & UYehle ZtiAlA
F71 83t stk dAZA @R SJPAR
2% ¥# osteocalcin(BGP:bone gla protein),
&34 alkaline phosphatase(ALP), 83 procol-
lagen type I C-terminal propeptide(PICP)%]
en, FEFEFAREZE 2F deoxypyridino-
line (DPD), £% pyridinoline(PYD), &%
hydroxyproline, 8% C-telopeptide, 8% N-
telopeptide, 8% type I collagen C-terminal
telopeptide (ICTP), ¥7% tartrate resistant
acid phosphatase(TRAP)5°] 3lt}. ol&jg A3}
3 FUAAEE YdHez g83ted 3o &
zZ} Agze] ded, ¥ dFiMe &3¢ HAF
oA d¥ BFNE FIhn FTU=A S Hms}
o FOFFel Jde] A Il A& 78
4E& A7tz ssich

1. e

oFtigta o8-S st T2HYHAL R A
RRYSRZAARE ol el fINE 1% d5Q AP F
94 519 W3R I ARBY FHo= 4973
o] 671€¥old SIAY BF FEAT Z289 57}
30IU/Lel <] 742 sigich. didAs 3dds
T UMbl 9FE F 5 U Aoy FERL
HEo] e 72+ Asiit

2. 4y

(1) AAAIF
dAZE gl At 443 AFS 533
Kot

(2) AHA

AAE 8AIZE o)) FAEH F F HAIRY 2
A 8Aldl A& AFASt AFEA 7] (Hitachi
7402 ¥3 24w, <, AST(aspartate amino-
transferase) @ ALT (alanine aminotrans-

ferase) & &3 sF4ch

(3) M=ists ZohAL X E
¥4 intact BGPS ELISA®Y (auto-analyzer

450, BIO-RAD)€ ©°] &3 Novocalcin
kit (Metra Biosystems, USA)E Al&3ixn
intraassay coefficient of variationZ 4. 8-
10.0%, interassay coefficient of variation
4.8-9.8%°10tE. A HBA A FuAe
4.6-10.2ng/mlel1ct. ¥4 N-Mid BGP(e]st
N-Mide3) & ELISA® 2 ©]83& Two-site N-
Mid hOsteocalcin kit (Osteometer A/S,
Denmark) & AM8-3l913 intraassay coefficient
of variation2 2.3-6.0%, interassay coeffi-
cient of variation2 5.3-7.9%°I0tt. N-Mid&
mid region (20-431#] o]l & capture anti-
body® ©]83}3, N-terminal region(1-19¥#)
ofu]icAH) & peroxidase conjugated antibody®
83l ERstgTh ARl B AA HAdolM Fm
A& 9.2-26.Tng/mlelx, HZBF AAA F3A
£ 9.9-48.0ng/mleltk, 8A total ALPE
Hitachi 747 ASEA471€ o83t ZH3sI 7,
HAA 449 FaAe 42-981U/Lelict. ¥H
bone ALPE  Alkphase-B kit(Metra
Biosystems USA)& AM8-8te] immunoassay '
Hog ZAH3YT intraassay coefficient of
variation2 3.2-3.5%, interassay coefficient
of variation2 6.2-7.9%°1%. Bone ALPE
monoclonal mouse anti-BAP antibodyZE ©|%
3l ALPF Z22d H|m3 Bo|g A42A HE
A9} cross reactivityZt o 5%, FEAS oF 1%
njgh, ButEAS} 0%0]th AR HAA dAd A
Fnx e 10-221U/Lel%. ¥4 PICPt PICP
kit (Orion Diagnostica, Finald)& AM&-3le] WA}
Hanlo 2 335193, intraassay coefficient of
variation 2.1-3.2%, interassay coefficient
of variation® 4.0-6.6%°1c}k. A% 5734
oAelX FmaE 38-202ng/mleltt. 8F free
DPD< competitive enzyme immunoassay %
2.2 Pyrilinks-D kit(Metra Biosystems, USA)
£ AH8-3%3, intraassay coefficient of varia-
tion< 3.6-9.5%, interassay coefficient of
variatione 6.3-10.3%°Ict. A ¥A #HAAA o
ol F:AE 2.5-6.0nM/mM Crelch. ¥
ICTPE ICTP kit(Orion Diagnostica, Finland)
g o] &3l WAy oz2 233N, intraas-
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say coefficient of variation2 2.8-6.2%,
interassay coefficient of variation< 4.1-7.9%
o]t AMIA HAA G444 FzAE= 1.8-
5. 0ng/mle] o},

4 Zd= &9

vl Lunar 3Ate] DPX-alpha® AH&-3he

DEXA (dual energy X-ray absorptiometry)®
Hoz 938 (L,,) 8 =R S35

2 I

1 [=1PN¥.5)
" ool

Jm

o

AAAES] Hd %L 55.04, Bd HBF 7]
e 7.5d0|30t. o]59 BT 4132 153.8cm,
BT AFS 58 3kgelAtt. A sy, 9, AES
A 25 B4EFlt (Table 1).

Table 1. Clinical characteristics of study subjects(n=51)

Age (yrs) 55.0+0.8
Age of menopause (yrs) 47.1+0.9
Duration after menopause (yrs) 7.5+0.9
Height (cm) 153.8+0.9
Weight (kg) 58.3+1.5
Calcium (mg/dl) 9.3+0.1
Phosphorus (mg/dl) 3.9+0.1
AST (TU/L) 27.6+1.6
ALT (IU/L) 279+23

Values are means + SEM.
AST : aspartate aminotransferase
ALT : alanine aminotransferase

2. ST AA

3RS BFE 2F (L) TLEE 0.96g/ar,
EAR FUEE 0.80g/arollth. £3FeA T
e 71Fez AMARAZITY B wE T
Z(T(-2.5) & =F7ksatgd 484%F 114
(22.9%), BZR2%(-2.5(T#<(-1.0)2 189
(37.5%), BA(TF-1.00 194 (39.6%) °1R<
o, dEARAE BThFF0] 4845 24 (4.2%),
F45Z 209 (41.7%), A7 26 (54.1%) 1A+
(Table 2).

Table 2. Bone mineral densities of study subjects(n=48)

Spine BMD (g/cnt) 0.96+0.03
Femur BMD (g/cr?) 0.80+0.02
T score of spine -1.29+0.21
T score of femur -0.80+0.16

Values are means £ SEM.
Spine BMD:bone mineral density of spine on L-L,
Fernur BMD:bone mineral density of femur neck

3. 0L XIE

Az Ee] FYAIAEA = E37 Z}(Table
3). Total ALP#F A U9l HAA FaxE 43
e A7t 50<1F 54 (10%)©]1213, bone ALP
#E FuXNE A= A$7F 51435 189
(35.3%), DPD#t% Fuxs A3lste 2497} 51
dF 469 (90.2%), ICTP#%F ZTuAE A3 si=
7357} 50415 44 (8%), N-Mid BGP#3 x|
& A3de 2497t 4990%F 1341(26.5%), intact
BGP#EF FAuXE Asshe A7t 494F 204
(40.8%), PICP#Z Aznx2 A3ske 4A$7} 50
o3 24 (4%) ©1 k.

Table 3. Biochemical markers of study subjects

Total alkaline phosphatase (IU/L) 71.8+2.8
Bone alkaline phosphatase (IU/L) 19.9+1.1
DPD (nM/mM Cr) 10.5+0.7
ICTP (ng/ml) 32+0.2
N-Mid osteocalcin (ng/ml) 224+0.9
Intact osteocalcin (ng/ml) 9.4+0.6
PICP (ng/ml) 10915

Values are means = SEM.

DPD:urine deoxypyridinoline

ICTP:type I collagen C-terminal telopeptide
PICP:procollagen type I C-terminal propeptide

4, STHAF X|EZE2| At

s FUAL R B AP H49 2o
(Table 4). Total ALPS} bone ALP2| &AL
r=0.49, p{0.012A] oJvigle o] HAAAE B
A3 (Fig. 1). Intact BGP¥# N-Mid BGP
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Table 4. Correlation coefficients of biochemical bone markers

TALP BALP DPD ICTP N-Mid 0sC PICP
TALP 494%* 192 199 A24%* .165 304%
BALP 494%* 147 .065 246 .054 190
DPD 192 147 039 .366* 318% 054
ICTP .199 .065 .039 215 406%* 234
N-Mid A24** .246 .366* 219 802% 214
0sC 165 .054 318* A406%* 3022 .286*
PICP 304* 190 .054 234 214 .286%

*p<0.05 **p<0.01
TALP : total alkaline phosphatase BALP : bone alkaline phosphatase DPD : urine deoxypyridinoline

ICTP : type I collagen C-terminal telopeptide
OSC : intact osteocalcin
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Fig. 1. Correlation between total
alkaline phosphatase and
bone alkaline phoshatase

Fig. 2. Correlation between intact
osteocalcin and N-Mid osteo-
calcin

r=0.30, p<0.052A4] ¥2)§ o)
ARBAE 2YDH(Fig. 2).
Total ALPE 3712 FUAIA R
ol fojgt o FPBAE B
©on, bone ALPE 171#A,
DPDe 27}4, ICTPE 1714,
N-Mid BGPE 37}A ¢l A,
intact BGP& 47}A], PICP+
7R EFojAA Eo} frel 7 e
ATFA T U

5. BOHAL R|ES BYEe]
Ay

=4

235 dxe {3 4AF
AE Holx T4l AEE S
3, QEAY FUxe} fol 4
FAAAE Bole SdA AEe
total ALP, intact BGP, N-
Mid BGPelt}(Fig. 3).
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Total alkaline phosphatase (IU/L)

| ® N-Mid # total ALP

L r=-0.41,p<0.01

37 -2 non-collagenous
protein® 2, bone tissue®t
dentin®]l 5o]H o2 FEAFch,
BGPE ZoMH X 93] F& A
AH 8 Z9] A|x9] 7] inco-
porate=| =] oldj A= A€
BGP2 9457} d&oz W&
so] 38, BGPL ¥«
WellA wk3717F @3 413 9
3 AARD. BGP: A& &
kit2 S glo] 433] Ao
e AL 4 5 Ad°. 3AH o)
0 £ ¥94 BGPE A& t&
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N-Mid osteocalcin (ng/ml)
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Fig. 3. Correlation of total alkaline phosphatase and N-Mid osteocalcin with

femoral neck bone mineral densities

6. SCHAL X E2| FFEY

8535 BExd 9IS F= 89S IARNT
23} AFol R MAZ Fag 2do|U:(r*=0. 20,
p0.01), A€ 9% (*=0.13, p<0.05), AAE
ICTP(r*=0.12, p<0.05)°11c}. diElZR Uz
Qe T 80T AN 47 HFo] A WA
AR 8% 80|93 (r*=0.20, p0.01), A&
N-Mid BGP(r*<0.10, p<0.05)°]%1c}h.

IOl
WdAHES] A3tets Foial X EF DPD7}F #7
A Ao F3ABT 7 Eken, intact
BGP, bone ALP, N-Mid BGP, total ALP,
ICTP, PICP#°lith ©l& EUZ =9 HAX
AN FuA o] T2 ¢ F Utk
EFY YA E2E BGP, ALP, PICP $o] U™,
¥ d79] #H7ZAF 4444 ALPS} BGP, PICP7}+
B5% Z718l Duda §7°] AAIF vie} o] 23
A FE0] FAlOl LA 1 2HE 2 A
3} 2ok}
Osteocalcine bone gla protein (BGP) o]} %

< 83U BGP7| 4938 #eHy
317] g &elt}?, BGPE 1-497)
o] ojmjicito 2 FAE| B oju|ie
A Aol 2+l Arg-Arg
bond2 T4 =] 210119-20A}
o], 43-44At°]) o]xo] A=A HH (trypsin
digestion) ¥3-< A Hed 1-198 opv|e
4to] NUHEA (N-terminal fragment), 20-43%
o] M+ (mid fragment), 44-49¥°] CLTF
A (C-terminal fragment)S FA3H4 =v 1-43
He] N-terminal-mid fragment$ 20-49w<]
Mid-C-terminal fragment7} £A4& F Uct"®,
3432 Aol BGP2 intact HElE total
immunoreactivity®] ¢ 36%, N-terminal-mid
fragment¥ F 30%°l32 UnA] ¢ 34%+ 1
o] ¥4 o3 AU, B Aoy T 9
N-Mid BGPA+ intact BGPAET < 2 4|7}
E°M Delmass?9 oF 2017} @ Zolghes B}
FAFIATE 7121 BGP Al A3 #o§ %o
FBABAAE B o, ABASFI di Fe HolR
o} =%, U=} N-Mid BGP7} intact BGP
B 43 AUdA € A95E 73 9o}
N-Mid BGP7} #=< HAF 404 ¢ {83
TYAAER F3HAT. old] disly ZA’= N-
Mid BGP7l 284 ¢ # ¥d3 Eoa AAG
v} s1ict

Bone ALPE osteoblast2] A ¥Euto] &l
Hiolr] gz WEdd. Total ALPL STH#
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Z9 Aol NzEe} Folzrt e oz gejA
AcH?, IsoenzymeS 2 TFAH SEH single
gene (Gt fAzh ol 28] coding=™] ©A] post-
translational modification®] G-&2o2 18] T+
o] §i}”, Ao A7|Y%F, wheat germ lectin
precipitation 52| Wd & o] &3l FHI gk
U, #HZel @243 (monoclonal antibody)
& |83l bone isoenzymeTrE AgAH o2 Q14
gozA 7FssA HAF. 53], Fuldrag 2
o] ZFEx A%o] B %A= bone ALP7}
£3 0335 A E7t HSn 443,

PICP¥ procollagen 1 extension peptide®] ¥
Fo g2 FJolM XA type I collageno] A =™
A AFEAA type I procollagens A ¢
w C-terminalZe] propeptidec]tt, PICP+ col-
lagen molecule®] Z7|ell AZFEHA] A E <o
A AAH ] A& 2 AEHA do?. 2
FE3c}2Z8 2ol A histologic bone formation¥}
v A ofg AUIAE Hole Ao A U
W R AFdM= PICPE dFIZU=de #o%
Ago] gigiey dEAR Sdxde o 4
B%go] AU

SYPANEELS ¥4 HAFY A2 dE dAE
g Aoz AZE=d ALPS BGPE 43|33
A& F2 W9gsla PICPE 2713 434 E &
2 wgdste AEZ 4Z4E0°. 39, ALPS
BGPE FolAX9] 7155 E o2 SHE WY
SAY Al A e] wjAdel ztel7t 1o AR FH-
of Wt F7kke =Tt A7t e Ao &P
A A, o8 8% A EH (Paget’s disease) el
A bone ALPE ®l% $7Fht BGPe ot
Z7k8tn, dAd FRAA7153FFAIE bone
ALP¢ BGP 25 37188, BRI =2E|Fo|Eq]
o|% FFFAlE bone ALPE #4ar7l Hou
BGPe 433 A

EFEFAEZE 83 ICTP, &% DPD, N-ter-
minal telopeptide, CrossLaps §°l @24 3ltt
W Urinary deoxypyridinoline(DPD)< pyrid-
inum corsslink%¢] 324 lysylpyridinoline
olgln 2]t} Pyridinoline®] bone®| type I
collagen®#itolz} AF9] type II collagen 12
il g AAzHE 2F EAste A vs

DPDe E&32|o|Avt wAdth, DPDE 3&A ¥l
o3 stR=EEA E71AA mAVer AL A]
% agi2 Ao wjddd) free formoE <F
40%, peptide-bound form2 2 <F 60%7} vjdE
o dFEe] d9E5HE L free DPDE SA7H.
IS5 Fo] QoA et HmA|o] o]2xm ¥
HAx)7} Ar}, ol olvi= oRlel] EmA|&e] F
7hta B 2857 7P WEes AlgdEr.
ICTPE pyridinoline crosslinks®] C-terminal
telopeptide2A4 Z&FFA R Uz HE
Ho?, ¥ dFdM DPDE #AA4F AAoA 57
A 4ol gt 71 Bo] AeEe SUAIA R0
fler, ICTP 83% FUEE Aud F e
AR ALRE A,

ool AMNE FHetE, £ dFrt v & O
dol7le shvt 85% 2 gEAY FUES
A Fe] FEBAE EAF A3 = HAF o
AolA THAPAEZE N-Mid BGP7} ¥ u3] F&
ARZ ABZ5929, bone ALP, total ALP,
intact BGPE oj=F= #4843 AEZ AIRHA
. SEFAEFT AL #H73A 4] FaA
Hl3le] F7H&o] £19 DPD7} vlad F& AR
2 Aztsl9len, ICTPE ol-FE #FE&3% AJE=2
AeHUY. &F 2F N-telopeptide, 8% C-
telopeptide 59 A28 ZUAl AEXE EFPN =X
B2 A7t FyHE Hoh FE IEE I
I & Aoz Ardsi

ZAle] 2 : B EEe) BOANE 25E 93 7]
$71 £4¢ 74 NREAAA QA oF 7]
Arsh sje|aAple) B A AR,

R of

olFtigtm gl Wt =2 HAF 44
< ez A3tE ZdiAl A EQ] intact BGP,
N-Mid BGP, bone ALP, PICP, DPD, ICTPZ
A1 o2 22 AFHE AU A, SdAl
AREL AZ folgd ARBAE E%c) Intact
BGP2 4712 StiAL A& fold ARAAE B
A3, total ALPS N-Mid BGP& 37HA¢}t <]
& AATAE 249, 4, N-Mid BGP, intact
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BGP, total ALPE HEZY U= fold &
#AAAE Bk AA, L= F¥L A= 8
oL FAEAG A 855F] {oAT IFS F=
FQAA EE ICTPolReH, dEZ3F< N-Mid
BGPolgich 22402 332 #73F AdM A
3eta YRR EE dFE B35 FoF A
g Hgon 4 Ax: USRS {3 AABA
2 A5 E S YEileh
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