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Abstract

Bone mass accretion during puberty appears to be critical in the development of peak bone mass.
Although bone density of females in Korea has been studied, only a few studies have related bone
mass with anthropometric pétterns or puberty in the pubescent girls. This study was conducted as
part of a study of major determinants of bone development during puberty. Subjects were aged 14~16
yr(mean 14.97), and had no history of disorders or medication use likely to influence bone or calcium
metabolism.

Bone mineral density and content were measured by dual energy X-ray absorptiometry using a
Lunar DPX + Scanner (Lunar Madison, WD). Also, total body fat, and total lean body mass were assessed
using a Lunar DPX dual-energy X-ray absorptiometer. Pubertal status was assessed according to the
Marshall and Tanner guidelines. Serum levels of osteocalcin was measured by RIA using a commercial
kit assay. Skinfold measurements were taken with a skinfold caliper(Lange Caliper, USA). Data were
analyzed using the regression and GLM procedure of the statistical package SAS.

The results indicated that the observed means for lumbar spine BMD and femoral BMD correspond
to approximately 91% and 96% of the means for young adult females, respectively. All subjects were
menarchal, with the majority being in the middle to end stages of pubertal development. Total body
BMD was positively related to fat mass(P<(0.001), lean body mass and time since menarche, and
negatively related to urine pyridinoline, serum alkaline phosphatase and osteocalcin. The data indicate
that girls who reported lower age for menarche had significantly higher bone densities than girls
who reported higher age for menarche. Attaining peak skeletal bone mass during puberty may reduce
the incidence of osteoporosis in later life. This finding suggests that early menarche may augment
peak bone mass, influencing the extent of bone loss later in adulthood. The results suggest that good
nutrition in childhood appears to be needed not only for growth and development, but possibly also
to assure an optimal peak of bone mass and thus greater latitude for the maintenance or skeletal

integrity in the face of bone losses. Triceps skinfold thickness was a better predictor of total BMD
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and total BMC than was any other skinfold thickness. The study did not find a relationship between
total BMD and body fat %, but total fat was significantly positively relatd to total BMD(r=049) and
total BMC(r=0.60). It supports earlier report that there was a significant correlation between TBMD
and body weight.

Conclusively, total fat, lean body mass and pubertal development could influence BMD in pubescent
girls. Clearly, longitudinal studies are required to assess the effect of puberty on peak bone mass,

and to define further the potential determinants of peak bone mass.

Key word | bone mineral density, pubescent girls, body fat, lean body mass, triceps skinfold thickness,
ALP, osteocalcin, pyridinoline, pubertal development.
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Table 1. General characteristics of the study
subjects -
o Variable | Mean + SD
Age(y) 1497 = 047
Age at menarche(y) | 1287 + 102
Height(cm) 1567 + 514
Weight(kg) 5061 + 752
Energy intake(Kcal) 12081 +657
BMI(kg/m) | 2056 + 259
Fat mass(kg) | 1588 + 359
Fat mass/Weight(%) 3112 £ 432
Lean mass(kg) 3472 + 453
Lean mass/ Welght(‘%) 686 + 612
TBMD(g. cni)" 1.048+ 0.071
TBM(¢)” , | 20382 +306.8
Spine BMD(y/crf) [ 1087+ 0.116
L.~ L, BMD(g;cm) | L0688+ 012
FN* BMD(qy/cni) 0865+ 0.198
FWTY BMD(gy/cm) ) 0.783+ 0.198
Trochanter BMD(g/cni) 0.767+ 0.199

1) TBMD="Total Bone Mineral Density.
2} TMBC=Total Bone Mineral Content.
3) FN=Femoral Neck.

4) FWT=Femoral Ward’s Triangle.
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Table 2. Biochemical characteristics of the
“study subjects
Variables Mean + ~SD
Blood Ca(mg/d¢) . 948+" 0.71
Blood P(mg/de) T 443+ 051
Blood total Protein(y, d@) 847+ 072
Blood albumin(g/de) 454+ 039
Blood Alkaline Phosphatase(u’¢) 100764+ 46.807 )
Blood Osteocalcin(ng/de) 5 841+ 349
Urine Pyridinoline(nM) 714‘30 21+7§QQ 60
Urine Creatinine(mM) ' 1352+ 6.05

Crosslink Value(nM. mM) 104.19+ 44.44

Table 2o M= A abetA AR & vepd i)
A oAk d% 1 7H7 948, 443
my/de R A} Z Ak H o 47‘"}9\1&”% & Z albumin
3} total protein®] FPx Z 4.54g/de2} 8479
/A8 FEpLpA] A Ak 3F°ﬂ Lt A
Z| L o] 4=+ Alkaline phosphatase(EC 3.1.3.1

D ALP)E 100.64u/0 24 9 7 7} A aledAd 9] 62.0
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Table 3. Anthropometeric values of the
study subjects

Variable | Mean+ SD
‘Head Clrcumference(cm) 7777777 5464+ 1.67
Abdrommal c1rcumference(cm) 7 ﬁ 70 i‘§+ 6.09
Waist circumference(cm) B ] §6 91+ 6. 27
Hip cxfcumference(cm) 8715+ 6. 47 7
Mid-upper arm c1rcumference(cm) | 2567+ 2. 887 7
Femur c1ruumference(cm) ' l 42, 21+ 4.74
Calf c1rcumference(cm) 133 O9+ 3.36
‘Sub- sgapula thxckeSQ(mm) . 16. 58+ 5.81 7
Trlceps thlckess(mm) 7 o 16 94+ 5937

Biceps thickess(mm) B 7.82+ 2.66

lliac thickess(mm) 1639+ 538
Femurs skinfold(nm) | 2530+ 6.70
Calfs skinfold (mm) 25524733
Dorsal hand skinfold(m) _ 330+£073
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Fig. 1. Relation between total body fat and
lean body mass and pubertal ststus in
Korean pubescent girls.
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~ Table 4. Variable characteristics by time since menarche

o Year smcp menarche | <ilyr | >lyr
Height(cm) ] 135 | 1595
~ Weight(kg) 405 | 498
~ Body Fat(%) a7 289
Fat ‘mass(kg) w0 L s
~L, BMD(g/cm) B 102 | 105
»FN BMD(g/er) 077 | 091
FWT BMD(g/cr) 067 | 084
Trochanter BMD(g/cn) 078 076
TBMD(g/em) 102 | 103
CTBMC(y) | 17445 | 20574
‘Blood Ca(mg/dé) 110.05 9.70
ALP(u/f) 1085 1337
Osteocalcin(ng/mé) 9.70 991
‘Pyridinoline(nM) | 16025 1614.6
Creatinine(mM) | 1519 | 1271
Crosslink(nM/mM) 10519 | 12219
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Table 5. Correlation coefficient of variables
with puberty grade ]
| Puberty Status

TBMD | 0.41*
TBMC l 0.41*
Spine BMD , j - 032
Femoral neck BMD 1 0.16
ALP ' - 0.33*
Osteocalcin —0.16

* L significantly different at p<0.05

Table
BHAAL Y BET A%
el givt, TBMD<}k

] z] OOLQ]

50 415= puberty status®} FHLE w3
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TMBC+= pubertal ststus®h
+ skt A S vhebiel 3 Femoral
BMD ¢} Spine BMD= <F2] Alakak#] 7} gl gl ot
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Table 6. Correlation coefficients of bioche-
mical variables with each bone mi-
neral density or content

Pyridinoli

ALP Osteocalcin " m.o .me

] ) 7 Creatlr}me

L.,—1L, - 058" 056" —0.64%
Femoral Neck - —0.57*  —0.36*
Ward's Triangle A — —0.54** 4 —0.38*
Trochanter o 0.33* - 0.60 —0.46*

Spine - —046* —0.42* P 0.54**

TBMD ; —058%  —056*  —0.69*
TBMC —041* -0.39* | —041*

;
*

S]gmf)cantly dlfferem at p value <0.05
. Significantly different at P value <{0.001

At HolAlol A R &R

Table 6l M= A 3}3t3] 2| H9} 7t U= 9}4]
3 A E el 9l=d) Spine BMDoY| o ) A
ALP, osteocalcin, crosslink value =5 59
foxel AAdA S ehdd ol Femoral
neck %@ Ward's Triangle BMDell o &} 4= ALP~7}
gol& AAE vheb 2] Sobs ubH ol osteo-
calcin® 2% %A% Femoral BMDe o 5}od

A 2o AFFHAAE vlebilu). Crosslink
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Table 7. Correlation coefficients among BMD
and fat mass aqd lean mass

} Fat mass ‘ Lean mass

TBMD 0.49* } 0.64**
TBMC 060" | 089"
Spine BMD 0.56**  0.63*
FN BMD 0.39* 0.54%*
FWT BMD 0.43* 0.63**
Trochanter BMI) 0.14 0.17

L.—L, BMD 0.29 0.19

*

* Significantly different at P value 0.05
** | Significantly different at P value 0.001

Table 7ol 41 = dual energy X-ray absorptiome-
try(Lunar Madison, WD & 533 A x| vfaad
ATAl A kel 2w ele] A2 vhehal
t}. TBMD$} TBMC % Spine BMD¢} Femoral

neck BMDol| i sled A = ubeka} A4 3724}
e sl A FelHes AdAE el
Weleh. Lumbar BMD®}  femoral trochanter
BMDE 919 7 ®WHazm §ox"ql AbadabA v}
sl vk, tzel H A ey 219 EHAE sl
i ato] fre]Hal A3kRAE el A ko)
e} 4] *ﬂ“o] el R Bl e 71- = *P

K] HFE o) ATe] A R Eo] 4
%ﬂﬂ@%%w%%ﬂ%ﬁﬂﬂim?%lﬂ
uhgh A sheba Ak

Table 8o 4% AAMAZHsk Fmske] 4
D AAE Jeldl Aol Femural Skinfold thick-
ness % Calfs skinfold thicknesst= TBMD, spine
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Table 8. Correlation coefficients among BMD and anthropometric indicies
[ TBMD L.—L, Spine  FN FWT Trochantrs
‘Scapular 0.53* 0.42* 065* . 0.30 0.34* 005
Triceps 0.50* 033 060 | 034 0.39* 006
Biceps 0.34* 017 0.46* 0.24 021 —0.03
liac 047* 022 0.53 0.38* 0.44* 006
Femurs 0.65* 0.47* 0.65** 0.34* 0.43* 013
Calfs 053+ 0.46* 0.68%* 0.37* 044* | 008
Dorsal Hands |  0.26 0.08 S 044* 0 027 | o028 | 003
* . Significantly different at P vahi;: -<0,05 - 7
** 1 Significantly different at P value <{0.001
BMD, Femoral BMDel| t} & %-$] 2] skinfold thic- BMDel| thsle] FoH &o A4RAAE v}l

kness ®vl %A g 7zt BMDel feoldeow 4
34do] A vhebsk £5) TBMDo) o ahed 4] 1=
o AAEA FARG Aol A el
oho kvl b e ER &3 Hol A=

triceps skinfold thicknesst= TBMDQPf 213
FUTAE vhetdo] o i ez v
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