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— Abstract —

The Relationship of Bone Markers to Bone Mineral Density of Korean Female in Taegu

Hee-Ja Lee, In-Kyu Lee#

Department of Food and Nutrition, Keimyung University, Taegu, Korea
Department of Internal Medicine, College of Medicine, Keimyung University, Taegu, Korea*

The main objective of this study was to assess the age related changes of biochemical indices of
bone turnover in healthy female, and determine the associations of these factors with bone mineral
density(BMD) of lumbar spine, femur(neck, ward’ s triangle, trochanter) and total body measured by
dual energy X-ray absorptiometry(DEXA) in Korean women. Subjects were 242 healthy female in
the range of 7~67 years old. The markers of bone turnover such as bone formation(ALP, osteocalcin
measured in serum) and resorption(PYD/Cr measured by ELISA in fasting urine) markers in chil-
dren. In G4(50-67), postmenopausal women had higher level of ALP and lower level of BMD of
lumbar spine and total body compared with premenopausal women. Age was significantly related to
these markers. It was additionally observed the significant relationships between osteocalcin and
ALP, and between these two markers and PYD/Cr. There were significantly negative correlations
between ALP, osteocalcin and PYD/Cr and BMD in G1(7-16), G3(35-49) and G4(50-67) after age
adjustment. Multiple regression analysis showed that ALP and osteocalcin may be an important inde-
pendent predictor to BMD, and the osteocalcin was remarkably related to BMD in G4(50-67). These
results indicate that the markers measured in our study are potential markers to predict the age related
change of BMD, and the higher bone turnover rate the lower BMD. Consequently, the combination
of BMD measurement and assessment of bone turnover by a battery of specific markers is likely to
be helpful in the future for the screening of patients at risk of osteoporosis who should be treated.

Key Words : BMD, DEXA, ALP(alkaline phosphatase), Osteocalcin,
PYD/Cr (Pyridinoline/Creatinin)



LA 8

= Al A ell= 3Z A E (osteoclast) ol 213+ &
F4(bone resorption)®} ZZAH X (osteolast) 9l
gt =% (bone formation)eo] ZA3FE o] w2z
2 ol o3t AL Fl
%7 w2l AHFA (bone remodeling)©] ©]Fe]
o} & dial Age] Fee 3tE fste] dAl A
53 e = AP vaA &5 2949
£=E A8 HrtE 5 gl vREAA AYs)ErH
73 (biochemical marker) 2] @QAdo] Q@FHxn
ek, olol] wiE} & tfAte] AEstE AE F ZEA
£ JeEhlle AERE total and
bone-specific alkaline phosphatase(ALP) %
= SHTE Wdsle A3EE AXZE urinary

Ca/Cr ratio,

Yo Lt

A2 77126

rﬁ.

osteocalcin,

hydroxyproline, pyridinoline

(PYD) deoxypyridinoline (DPD) % 70d3}o]
ARESER ek 2R o)de] diREe] AlsEA
ARE YTolA MLHAR G2 $2vtete] 343
Aol 3k Ayl Ao, dAdY AR diste
Me g% eelg ’;]7&?01'4 olo] AAEE o}F7]
olA] =drle] o= 2e] A7k J4de g
o2 #=9l 051“011*1 ?E‘fﬂ*}-g Aset A ARES
d#d 7 "JA]% ZAFEaL, olE A FEEF DEXAR
49 a5, dEHE MRS 2 dae 24 ES’Jr—-I
ABAEE %35“3}':4 20hEEe o 2 Xss f1%
71%& ARE AFenat gt

L. SRRy
ZAF O R T(ZE

19924 129 wFEE] 199349 5Y7R] tfFAlol] A
Fole T~6742 o4& ez 729 &3
F AgEEALE B3, Ageld dAE AHESHY
H7Ae] ¥ o4, G 23 wAd AAME ek =3
o] gli= oA, #H AZ A AR, Exd 2 o
3}—1“—5‘1] As 5 HEY] AP Aoy e vk
o] 9l AY, EEE X8 Fo7 TUL
A F= e FEE 583 Ao de o
2 tisdel A Aefsla o] Aol P
4 2428 & A8l AT

B ok ox

0 rL'!p ,_4

| A%

B oo o g

A

2

18]

2r

i)

AT didAEe] A% ® A%, AT 3 T,

o]F eA WA FUE 7] (dual energy
X-ray absorptiometry, DEXA: Lunar
Radiation corp., Madison, Wisconsin,

U.S.A)E ol&38ld ATl Heles H#99 8%
(lumbar spine, LS)9} g &2 Al ¥9 = i
7% (femoral neck, FN), ward s triangle
(WT), thEA&Y(trochanter, TC) 2 A4l
(total body, TB)©] BUEE ZgaA}. a5 =
dre AFA %9 (Anteroposterior project;ion,
AP ez &%, 8F TUER A=

= Al 2 aFolA A 4 9F74R|9] FLU o] *'éﬂ‘
TAE AH-sI

3oy b R U Ha

AAF Hd FE 1073 3= S22 A7 3 oL
g ozl A &g AF s W E3(-2000) 31
. oA 8AIZA FEAECNA dFFuleA 1903
10m A3t 2500rpmellA] 94 22 (Vision
scientific Co., LTD, Korea) 3+ ¥ &S £a
st WE E#(-200C)F AMEstdd. Cal),
Ip(inorganic phosphorus)”, TP(total
ALB(albumin)®, ALP (alkaline
phosphatase)”= auto chemical analyzer
(CHEM-1, Technicon Co., NY., U.S.A)2 =
Astdet. &% A2 Technicon CHEM-
1(Technicon Co., NY., U.S.A)AIeFE A3
. A ol 20E osteocalcin® immunoradio-
assay (IRMA) kit (#40-2235)
(Immutopics Inc., CA., U.S.A)Z A}&3sld
gamma counter(ICN Co., 4/600 HE model,
Alabama, U.S. A)2 Z33I)°.

Pyridinoline (PYD) # creatinin (Cr) 2
gen crosslinks kit(Metra Biosystems
Inc.,CA., U.S.A)E °]&3ta FHA] A oA
F33ld], o5 Alele] W|E Fetmes Zehdl w
2 AE 32 AAJG(PYD/Cr). Pyridinoline ¥
A2 ELISA¥Y "0 2la]4 ELISA
(RADIM, Austria)7]|® 33 8}%13, creatinine
42 modified Jaffeldl®el] 2jslA 53 s19)ch

protein)?,

metric

colla-

reader



Figure 1, 2, 3°] Yehjigitt. ANOVAE Ah-&st

o fode AFF Aa AskehE Axe 1270 4

Py TEAUES Fatm dA9TE fod AE: #HI FAASE feold Aol (pl00DE 2

£ one-way ANOVAZ AHgsisien], o M9 th oA scheffe test® @3 #9] ¥ (multiple
8] (multiple range test) = scheffe test® °1-&
tdch E2xg qe Wgeke] A43d 2 Pearson
2] correlation coefficient® T3ttt FL=s}
TANAL] AP S eS| glo] A dF &

4 RE HEl W Ay

ol

o]Z wjAsl ¥4 (Partial correlation coeffi- H ::2

cient)sldeh. AR ©HE 87 B (multiple  §

regression analysis, stepwise method) & &3t ‘§ 9.0

o] FUxd vHE JHHA A= FFsAc P o

s BE A AL SPSS S Package |} gl u e o v .o
Program& A9 1D feleEe 0.057es 1 2 3 4 5 6 7 8 8 10 1 1
a3l AR

1 : 7-9years 2: 10-14years 3: 15-19years
4:20-24years  5:25-29years 6 : 30-34years
7:35-39years 8 :40-4dycars 9 : 45-49years
i0:50-54years  11:55-539years 12 : 60-64years

. e=Z=

1. SIS x| Ee| HETY H|W
Fig. 2. Serum osteocalcin of female subjects(n=242)

ZE4e 2849 &% £ FuA £ (bone .
25t 284 § 5 FAE&( studied according to age.

turnover rate) S AFEE o] Hrisir] #3)
A "ol mea] AsMEHE A RS SASI AT
A AE e ol 5 w92 vyl I ARE

P<0.05: 1,2 vs3,5,10, 11,12
P<0.05:1,2,3vs4,5,6,7,8,9

350 _ 400 r
280 + s
o 20t =
3 E ml
g T
nr K_g_no—o—v—-”-“_- § e |
0 1 1 1 1 1 1 L 1 1 1 A ) 0 1 il L 1 1 1 1 1 1 1 1 1
{ 2 3 4 & 6 7 8 9 0 1 12 1 2 3 4 5 6 7 8 9 10 11 1
Age group Age group
| : 7-9years 2. 10-14years 3:15-19years 1: 7-9years 2: 10-14years 3 : 15-19years
4:20-24years 5 :25-29years 6 : 30-34years 4:20-24years 5 :25-29years 6 : 30-34years
7:35-39ycars 8 :40-4dyears 9 : 45-49years 7:35-39years 8 :40-44years 9 : 45-49years
[0:50-54ycars  11:55-59years 12 : 60-64years 10 : 50-54years 11 :55-59years 12 : 60-64ycars

Fig. 1. Total alkaline phosphatasc(ALP) of female sub- Fig. 3. Urinary pyridinoline(PYD/cr) of female sub-

jects(n=242) studied according to age. jeets(n=242) studied according to age.
P<0.05: 1 vs 2 P<0.05: 4 vs 2, 12
P<0.05:1,2vs3,4,5,6,7,8,9,10. 11,12 P<0.05:9,10vs 1,2, 12



range test) & AAlg Azl FYPA 49 G
ALPel A% 10-14A1% 7-94¢ H2&9 Ho]
(p<.05)7F A3, 15-6741= T-14419 §=14<
zko] (pd. 05) 7t Adch

Eo|rl 2 YA AEE ¥21A osteocalcin
o] A% 20-24M1¢F 30-494= T-1941¢F fFelAd
2ol (pC 05)7F AL, 15-19419F 25-2941 2 50-
6874= 7-1441<F #2132 Aol (pd 05) 71 AATh

=59 A %9 PYD/Cre 2% 20-24¥= 10-14
Al 2 60-67412 frejHQ Abe] (p.05)7F AL,
45-5441% 7-1441 2 60-674A2F F2)FHQ ]
(p<. 05) 7t APk

37371l ALP, osteocalcin 3 PYD/Cre]
217} B wucH(pd 05). 454 o]%e] WslE 4
HE w ALP, osteocalein @ PYD/Cre] F&
SAAEY o2 fIIAT 55~59MI7HA = BE
Z7F8Ih7t 55~594|0]Fell= ALP2} osteocalcin

< Zrzsld e vl PYD/Cre 233 27151
o}

ZAL Wz A8 BXE 7-67A7EA] eom,
BAENAAE 12 (T~164), 34M7AAE 23 (17-
344), 49M7AAE 3T (35-494]), T °|FE 43
(50-67A]) o2 o] Sdxs} AYstehd 2 F S
HEAS W, 84 ALP $AE 1204 714 =%
1 (p. 05), osteocalcin A& 1TolA 713 &9t
o (pd. 05) AAF AT 430l oAl fol A
o2 F7Hp 053t =% PYD/Cr& 13dA]
7 =3kt (p<. 05) (Table 1).

H72 fFd w 47& FERIQLS o
ALP(64.83 vs 82.40, p{.05), osteocalcin(5.01
vs 5.88, ns), PYD/Cr(35.84 vs 75.88, ns) =
e A7 F AP @B AR 56.64)°] H7A A o
AT 9% 53.04, pd 0l )BT Egkoy ALP
gk BAHc® fol(pl05)stdnt. 13y nE R

e
b

Table 1. Age, bone mineral density and some biochemical indices of bone turnover in 242 nor-

mal subjects
Group Gl (n=83) G2 (n=57) B3 (n=35) G4 (n=47)
Age range 7-16 yr 17-34 yr 35-49 yr 50-67 yr
Mean age 12.2 2.7 26.6 5.0 423 44 55.7 3.8
BMD LS 92 20a 1.21 .11b 1.19 .14b .98 .16a
(g/fcm’) FN 81 .15a 02 .15b 91 11b .78 14da
WT .76 Ad4a .89 .18b .84 .14b .66 15¢
TC .76 18a .86 .19b 81 .12a .72 Adle
TB 96 dla 1.15 .08b 1.16 .09b 1.04 .09¢
Biochemical markers in serum
Ca(mg/dl) 9.84 96a 9.04 44b 8.99 .55b 9.03 .68b
IP(mg/dl) 4.99 Bda 4.13 47b 3.98 .50b 3.99 .54b
TP(g/dl) 8.53 B2a 8.34 37a 8.28 48a 8.14 39
ALB(g/dl) 4.63 42 4.66 27 4.63 28 4.53 .30
ALP(IU/M) 191.17 104.57a 51.62 15.97b 54.89 12.88b 7791 2621b
Isteocalci
Osteocalein 1154 478 419 134b 348 132b 565 249
(mg/ml)
Biochemical markers in fasting urine
PYD/C
! 137.08 57.96a 66.10  70.07b 77.66 124.82b 65.65 111.87b
(nmol/nmol Cr)

* Values with different superscripts within the row are significantly different at p<.05 by multi-

ple range test(schetfe test)
BMD : bone mineral density
WT : ward's triangle
ALP (alkaline phosphatase)

LS : lumbar spine
TC : trochanter
PYD/Cr (Pyridinoline/Creatinin)

FN : femoral neck
TB : total body
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Table 2. Correlation coefficients(r) of age and biochemical markers of female subjects studied®

Variable Gl G2 G3 G4 All

(n=83) (n=57) (n=55) (n=47) (n=242)
Ca -.18ns -.28% -.16ns .07ns o Bt
IP el -.35%% .15ns -.10ns - SqEEE
TP .06ns .08ns -.02ns -.09ns L) kE=
ALB -07ns -.12ns .15ns -.14ns -.09ns
ALP ST -.28% .16ns .17ns - S55%%%
Osteocalcin e bt - 32%% .(2ns .18ns - 56FFE
PYD/Cr - 4OFEE 24ns -.16ns 3T*E

The variables listed in each group are correlated with age.
a Pearson correlation coefficients

#p<05 ## p<0l  ##% p< 001 NS : not significant
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Table 3. Correlation cocfficients(r) of bone markers(ALP, osteocalcin, PYD/Cr) of female subjects studieda

Group

Variable ALP Osteocalcin PYD/Cr

Gl ALP 1

Osleocalcin JJ5EEE 1

PYD/Cr ] EEE ErEt 1
G2 ALP |

Osteocalcin ] I

PYD/Cr ]2 14m |
G3 ALP ]

Osteocalcin 29= |

PYD/Cr 29% 00 |
G4 ALP |

Osteocalcin OREE I

PYD/Cr - 05" 10 |
ALL ALP 1

Osteocalcin B |

PYD/Cr Qe 35 !

The variables listed in each group are correlated each other
a Pearson correlation coefficient
#p<05 #F pe01 ##%F p<001 NS : not significant
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Table 4. Age adjusted partial correlation coefficients(r) ol bone mineral density and biochemical markers

of female subjects studieda

aroup

B

variable LS FN WT TC
Gl Ca OINS 26* 24% .18 S
IP - 17N 01Ns -.05Ns LO7ns -22%
TP -0 23% 20M8 JA3Ms NS
ALP =33 -.09ns - 1408 - 1308 -38=*
Osteocalcin -.24* =08 - 18NS -.(3ns -.209%*
PYD/Cr - 21h -.08Ns - 108 -. 16N -.28%
G2 IP -27% -.28% -21Ns -.29% -30%
TP - 1ONs -27F -31F - 288 - 12N
G3 ALP -31# - 15088 - 2088 =3NS -.34*
Osteocalein 21N =218 -.25Ns -.2408 -29%
G4 ALP - GOFE* -27Ns -41#* - 18N - O FEE
Osteocalcin S T, -32% - 40F* - 20N oV L

The variables listed in each group are significantly correlated with BMD
among Ca, 1P, TP, ALB, ALP, osteocalcin, PYD/Cr variables.

a Partial correlation coefficients, adjusted for age
# p<.05 ## p<.O01 * p=.001

NS : not significant
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Table 5. Resultsof significant stepwise multiple regression analysisa

dep.var indep.var B SEB B P value R2
Gl LS ALP -.001374 1.4521E-4 -.726644 .0000 528
FN ALP -6.74876E-4 1.3530E-4 -.480984 .0000 280
TP 047351 017139 266413 0071
WT Ca 037965 015126 -.399020 0141 176
ALP -5.25317E-4 1.4000E-4 266906 0003
B ALP -8.08315E-4 8.2743E-5 -.739521 0000 551
TP 020977 010504 51173 .0493
G2 LS P -.084387 031492 -.345424 .0098 119
FN TP -.111854 055091 -.268637 0474 072
WT TP - 145813 063420 -.301151 0255 .091
TB P -.057776 020150 -.366454 .0059 134
G3 LS ALP -.003886 001674 -.3064380 0242 094
B Osteocalcin -.019563 009136 -.282179 0369 .080
G4 LS ALP -002195 0.3474E-4 -.364115 .0234 429
Osteocalcin -.022290 .009845 -.351090 {0286
FN Osteocalcin -.020150 007693 -.367284 0120 135
WT Osteocalcin -026419 .008077 -.442240 0021 .096
TB ALP -001125 5.0800E-4 -.396797 .0320
Osteocalcin -013971 005350 -.336628 0123 452

a Regressions in BMD ol lumbar spine, femur(neck, ward’ s triangle, trochanter), total body with Ca. IP,

TP, ALB, ALP, osteocalcin, PYD/Cr variables.

Variables are listed in order of entry into model by forward stepwise multiple regression.
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