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International comparative study in calcaneus bone mineral density and
body composition of university students in Taiwan and Japan

Shuji TOKUDA', Sophia Yu-Chen Lin®>, Chia-Yao Lee’, Kyoko YAMASHITA*, Taishi FUNO’
Shiro MORI®, Tomoko ISHIBASHIRI’, Akira IIBOSHI’

Abstract

Changes in the growth and development of children and adolescents vary according to lifestyle.

Bone mineral density (BMD) is an index of the growth and development of children and adolescents, and the
popular belief is that it is affected especially by dietary and exercise habits during growth. Regular exercise and
dietary habits during childhood and adolescence, especially calcium and vitamin D intake, are closely associated with
the development of BMD.

We measured BMD and body composition and collected lifestyle information by distributing questionnaires to 268
first-year university students in Taipei city (TU) in Taiwan and 232 first-year university students in Kagoshima city
(KU) in Japan. We investigated which findings between the two sites could be attributed to differences in lifestyle
habits and environment. BMD was measured using ultrasonic bone mineral densitometry. Body composition was
analyzed by bioelectrical impedance analysis using a Dual frequency body composition analyzer. The equipment
used the study was identical at both sites.

The results of the comparison showed that speed of sound (SOS) values tended to be higher among the TU
students than the KU students. The significant difference in SOS reached statistical significance (p<0.05) in TU
male students. Trends for body weight and height were greater in TU students than in KU students. The significant
difference in height reached statistical significance (p<0.01) in TU male and female students. The lifestyle results
of the TU students were excellent in terms of intake of breakfast (TU male students 62.8% / female students 74.3%,
KU male students 36.9% / female students 43.0% in everyday intake) and dairy products (TU male students 95.0%
/ female students 94.6%, KU male students 83.8% / female students 87.6% in everyday and sometime intake)
and present exercise habits (TU male students 84.3% / female students 50.0%, KU male students 56.7% / female
students 29.0% in exercise habits from two to five days per week). In conclusion, The BMD at calcaneus was higher

among the TU students than the KU students, because of better lifestyle habits, namely food intake and exercise.

Keywords: Taiwan, Japan, student, bone mineral density, lifestyle
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ANHERBEOZA - T, THOBEIZIZ O BEPAE LTV D, BHEEIBREIEOREL L
THOLN, FICREHOESEESLAELOEENPRELMAT L LE LN TS, #EPH) S BE
iz CogM 2B e HAE L WERE, 220 Th AV r AR Yy I YD OB, FEED
IR VR D

Gl FEHOHIE, BE (RIETHROKRE, B4268%) & HA (BREBTHNOKEE, B#7232%) ORF1
EAEOFEE RO E, EEHEOT7 v r— P EERL, AERERLHENR L2 EZ O
E B CHEBME Lz, BREL, BEEeRElEREE, MHRIE, 727 VERBHE R 2 T
BIAEICE DIE L7z BETOMEIRX, ZThENOEZ HARL S/ HIAATH U CllE L7z,
ZFNZNORFAMOPEM 2 LEME LM%, SOSfii (B%EE) &, ABEOBRTHEDTNAARD
BYHELDOABICEWEEZR L (p<0.05), 512, AELHRICHLTHOABEOFEDEN
TWABEHIDH ), BEOFEZHAOFZEIZHSR, BLEDICHRIIBWTHREICEN -7 (p<0.01),
T/, AEEEICHETAT v — 1o [HEOBIRN—EHHELZ S - ABPH F54628%, HEBL
F-24ET74.3%, HAREF%4:36.9%, HAKTF#443.0% 1, (LG OBRCIR—E H K& O 4 B 5
BERT#EB.0%, BB THEEM%, HARY F#HE838%, HARL T-#487.6%], B HEENEE
—i 2 ~5HEET 5 : BEBTF¥AE43%, BB TF¥4500%, HABFF456.7%, HARLTFFA
29.0% ] OHEHTHEBOFEDHRRVIERTH - 72,

D EoZ s, SMEERELZAE (Gl oRFAE, HA (ERE) OFE L) EEEHEITS
{, TORREEMTZEEHERLEBHOBRIED HAOFEE L) RIFTH S 2 LAY S 7z,
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I FUCBIC R, IR PR AR B S X B IR
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DEALZTNY, 2o kD REEO AR B0 D3O EHENMELTEY, A
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DRBFIGEIZ DA BB E T 5D, LEZOLNL, BENZEBHOIE L, BRI
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AELBIML T2, HHEEIEIZREI LR
L, BIAHEARR KRB A BB U6
HIZEDICENLEEZ LN, TOOFHERE
DFPIEEETH L. BEHOHRTHHFHEW (20
M OVWET) KEBEEARESETBLIEDR
PETHY, ey, HFEMCEREEZS
DTBL LD RNICEETDH %,

FHEOE, WL KFEOBZOFEEOIRE
& LT D SOS (Speed of Sound : #8544
BE) ZWE L, BLROWEMDEI/NEL %D,
LA OFHBHF LY bR B HHEANASNIZ
LR LY, RPEEOBEEOEES, HE
DHETHFEHEOL L TEMLL TV D L) ICEbh
%

ZZTHEOME TR Y 2y FTIE, W UK
TITHRONETY, AGRERHE RIEH
DEIENGRN R ENRL DL EEZONLRE (B
RO KRE  TU) ORFA L HA (BRETHN
DR T KU) OFADFEEE & AHE A WE L
AEEC BB EEOE VDT RIEICS 2 2B
DWTHIEBMRE 52 & & L7z,

I XHEFE
1. AEREDMR
1) AIERMR

HATIE, “PHRAEREICERETNO RS 144
A (BT, KU EWS) Z2RRIZL 72, 18i%A 5
23 EFCTO LA, B4, KFL214 006
232% (CE¥AERNE, B 71911125, & 1188
£059i%) Tho7zo AETIE FH2FEICHI
HWHNOKRFTEA (BLF, TU LIET) 2351
U720 HELFEMKIZISE 523 T TD 1 448,
WA121%4, & 1148% D EF269% (CF-34E 6 1,
BF189+1.265%, 71191 =1.135%) & x5l
ExATo e TUIE, KU &3 TIZRFHBRRD
hEZ R L TBY, #HESCHAEDOLZRHHEST L
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IWF, A, A& AOE, BT - RGP RO A8 L AR B3 2 EBR LT 7e

TWabZEhs, SHEOHERANTRIC TU %%
AT
2) AIEIER

WEHE X, BREOEREEL LT Ok
R # B (SOS : Sound of Speed m/sec ), SOS fH
KT EEZONSE @K (HCHEM),
REDL LU OMHRIR (IR, TRiiE, BIR
i, H#E %E) DWMEZRIT-72, EHIL,
BEREORBICHEEZ RIETTLEEIONDS, #
% - BUEO OHIEEHEICET A7 v r— M3
fiti L7z,
3) GBI D HARE

HEVR ST CoORE : 20144 7 H~20154 1 H

AL TOME : 2015411 7
) 41 7+—LFavEVH

WKL, BiEoEE & RRITANIED HiIY
DHRHEHL, WAL W EE2FHML,
FEZRHICORNERT T2 BB, TV
F— MRS E L,

2 I, L

JEH B

2. AIE DT &
1) BIEAE

ARG, TANITA B 727 b Ji 5 B
7l DC-320% FHv» T BIA i (Bioelectrical impedance
analysis) (2L 0 9IHE [fR#E (Wo), HIEDER (%
fat), WEMhs, BRMGEWiE, SiWN&E, oK, #
EE R, EEHE, BMI 2lE L7z, ALK
DWEE, HEEEERRIREE (B8E) olllE
DERIZFEN L 720

H % (BMD : Bone mineral density) D fgHE &
L C, QUS (Quantitative ultrasound : 32 ¥ 7 8 % 3% )
BT B E TN ERE CM-200 (¥
RSt ®) 2 wC, fHEEg oS EEz
HHE L 0 SOS (m/sec) ZE L7zo SOS filild, #
WELEOHEYRS Y, WEMIE, 1450m/s ~
1650m/s DRHIZ A6 L, 4Filn & 1 Z B OMBIBItR %
R, 72, QUS i GEMAEE D) 12X
W s 7z WEM (Sos ) &, iz Pl
B fEREOBmANEHN T2 TE2Y &



AN EN SN

ENTWV D, SOS DMER, FBLMIERILE
b CTHEESOMBERIELZ ER L, HEAMAT
15720 =B, QUSIEEIZIE, WL DR
HY, TNLOWEMOEREALI T SN TS
b, HARUEE TORMEILFE CHlEsRT
1T 720

BERECKITTERICE, 3, %K% B
HOGH 72 E QAT EE SN, &P D5 % O R
R, NEHOBZWNERZ: EPEZONL, 4
b, FHSHE, AIEHEER OB TEREDOTRE
WS HBT L L EZON TV L EH L4, &
BIRELR EICOWTOT v r— bR FEL, BEE
& ORI &M L7z

R, FERHNOE D 85 N7 RS
TIRERH 7228, T2, —RICHERZ, 18
~20 T =27 %lz, ZLOFEPALDOHE
O EMICERELTWA I b, RO
HoHEGE L, 2ofliz A L7z,
2) TUr—k
AEIEEECET A 8HAOT Y — M ERRIE L
FRRICHER G L 72 CBRIC<BERR1>LLTT
Y= bNERMN . NER, OTgENME] @#H
BEOHEIURN] @ MARGHOBICKN] @ (8
EOEBFERRN] & [#Z5 0 EE) I htikidd ]
© EBOME | @ [#EEoFIrkeER] [
FEER OEHCEE ] \cowTHEML, mgiE, 3

AR 5567,

2018

3) T—3 DM

HRIE, 72 VigEto Yy 7 bR, FE
MR TR LTe TU B 7242k & KU B 127
ABXOTU L F¥4E L KUK THREDORE, 1K
#H, BMI, SOS, R OFHMHEIZOVTIIEL,
FIEMEDZEOBGEE, FREIC &) 5dce e L
7otk, ttest IZX D EDOKBUE&RAT o720 SOSHHE
B K, SOSMH &K, SOSfH & BMI, SOS fii &
EEFREIZOWT, ZNENO 2 LM OMHBR
% (Pearson DAHREFREL) %KD, HBIBIGR % Bad
L72e WIENDLEMRHES % (p<0.05) &Kl % A &
L7z

o #&% %
1. FeRE
1) &K, AZ, BMI (%k-1)

BE, REOFHMET TU OKFEAE L KU DK
FHREWRTZ L, BFTIEIGRIITUDOL A
BIZE < (p<0.01), RED TU SEH - 720 H E
BRAETIE B o7z KT T, HRIETUDTH
AREICEC (p<0.01), KREIZ, ZIZFELMHETH -
72

BMI (22T, [l [ i o [\ P ]+ T L T
DEBLRAERIAON R -7,

F 72, SOSfti& &K, SOSMH & fk#E, SOS i
& BMI 22OV T OMBBRIEA SN h o 72,

DOBEFRW A ST/, REICBWTIE, &< 2) ARk (F-2)

[ CNAEO-EBMKZ P EGEICEIRL, ASE RN, MR, BRielis, iR, Aoks
720 w, fEEgE, EERHRICOwTE, WEOR
*-1 BELEBROKRZEDFR, B KE, BMI DR [M=%=SD]

FH# () H& (cm) AE (kg) BMI

o 18.9 1734 *x 64.3 214
aE(GEF) +1.26 +5.92 7 +10.45 +3.14
19.1 170.4 62.6 215

BAR(EF) +1.12 +547 ~ +9.97 +2.92
- 19.1 160.1 %k 52.8 20.5
a&&F) +1.13 +5.32 7 +8.34 +288
18.8 157.8 52.4 21.0

BA&(XF) +0.59 +5.49 ~ +7.03 +2.36

.- EEREF1214.
3% BMI : Body Mass index (BBi&5%4)

BELXF148%. BRBEFI11L, BALF1214

** p<0.01
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FEI, Ak, 25 0T ABER B A, ST KPS S SRR 9 EIRS L3
=2 BELEROXRZEOAKRMERD LB [M=*SD]

N E = Bisih= A= KkpE HEE=E HEBRERSE

(%) (kg) (kg) (kg) (kg) (kg) (kcal)

BEEF) 15.9 10.7 53.5 50.7 36.2 28 1562.9
n=121 +6.16 +5.68 +5.72 +5.44 +4.52 +0.28 +175.46
BAREF) 15.7 10.3 52.3 496 35.8 2.7 1524.8
n=111 +5.49 +5.23 +552 +5.26 +4.41 +0.27 +169.44
BE(&F) 27.7 15.0 37.7 35.6 26.3 2.1 1193.6
n=148 +584 +5.44 +3.59 +357 +3.21 +0.31 +118.02
BA(XF) 28.2 15.0 374 35.0 26.4 2.1 1185.3
n=121 +5.00 +4.56 +3.37 +3.76 +2.80 +0.29 +106.06

£-3 BELARORFENERTBE RIGREEE (SOS) DLLE

SOS (m/sec)
BEBF) 15406 *
n=121 +36.79
BA(BF) 1530.7 J
n=111 +32.23
BE(&ZF) 15441
n=148 +37.36
BAR(ZF) 1536.1
n=121 +41.90
3¢S0S : Speed of Sound (B E KIGIZRE)
* p<0.05 [M=+SD]

W CUEIARE 72 22 23R B L7278, T [ i oo [ 14
WKAEBRAZZIRDON RN o7, F72, SOSH
EHEEHE T KU OLTIZBWTh T 22
£ (r=0.221) 2SHE.SN7z

2. BERIGEEE (SOS) (X-3)

4 MRS O RE AR (SOS) 22w T TU
DL KU OFAEDOREMEZ IR T 5 &, BT
TIE TU DFED SOS BEREICHWETH > 72
(p<0.05) 0 ZTIZDWTdH TU DHEAEDID J5H
o T2 AN IS B AR T R h o7z,

JEFBET > — b (RABLUVK-5)
1) BARDERRKRE (Bf2)

BATlE, TU OFEA1362.8% 75 [1EHEEZ
BARTWE ] L& x720 THITH L KU OFAIX
36.9%% [HHHEZARTWS ] LHEL 7,
LFIZB VT A TU O &L F %4 D74.3%
PHEHHEZEBINLTBY, KU OF¥HEIF43.0%
PHEHHAEZENLTWS EWIFREETH - 72,
[MBEHENS] & [RAEXZWIENH L] %
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TU O % F54:1398.3%, KU O % F#A1371.1%
PHEZELBEND 720 KFIZOVWTH TU
DFH7399.3%, KU D2EAEHBI5% TH - 72,

2) AWKOERKRE (BRI 3)

FLEFOBEURIIZOWTIE, [BEHERLT
Wa | Lk [RA AN 2] 26beT [HIL
TWwa | LLThiETHE, BFTIETUDFA
2395.0%, KU D4 2383.8% DEIATHED® S
A EZHEIL Tz, XTI TU OFAD
94.6%, KU OFEHH387.6% O#E 4 THED S F
BMHA2HEINL TV 2 E2bhro 7z,

3) BREDESHOEMKR (Bf4)

BUAE O BB O FE iR, TU DT F2E4ET
A2 ~4 HIZEB L Tn5 ]| EERTPE
7%62.8% T, KU DR F#HETIE342% Th o 72,
—77, TUOLFHAETIE T2 ~4 HIdEH)
LTWwb] EBEZ75A219% T, KUDLKT
FHETIE240% TH o720 EHIWC AT HUTD
HEE | LEZ T TU OB F#AIE157%, K15
H13500% TH Y, KU OB T-#4:1343.2%, &
TH#AIT11% TH - 720
4) BEDESE (BER5)

HRE TOBEDEHEIZONTIE, TUDH
T4 41380.0% 2% [ FH £ THERIE, £ O T
FLTw/z] B2 TBY, KUDHEFHAETIE
85.6% TdH o 720 TU DL F A TIL, 635%H°
[ TG, ZoOMTEBLTWwiz) L&%,
KU O F5H1347.9% TH - 72,
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=4 £FFEICEHTEITUON—MER (BEXKZESE)
BEBRFRFEE(TU) BETFREE(TU)
(B2 EEER FHSOS(=SD) FSOS(=SD)
HEOERKRT i TBEERS T 76 A(62.8%) |  1539.1355m/sec | 1 11oXN(743% 1546.8+39.4m/sec
2B R BTG 43 A\(35.5%) 1542.6+38.5m/sec 37.A(25.0%) 1536.430.2m/sec
FEAEBRLLY 2 N(1.7%) 1553.5+70.0m/sec 1.A(0.7%) 1535.0%=—m/sec
T g AR B 21 K(100.0%) T T ERE1a8 N (000% T
B3 EZIEE FEHJSOS(£SD) FHISOS(*£SD)
ESpERRKE  ERER T 30N@agw i 1541.8+38.6m/sec | - 32h216% 7 15433+37.4m/sec
285 < {EHY 85.A.(70.2%) 1541.1£37.1m/sec 108 A(73.0%) 1545.3+38.4m/sec
3FEAELIELY 6.A(5.0%) 1526.3+21.8m/sec 8 A (5.4%) 1532.1+19.8m/sec
T E AR 1 21 K(100.0%) T T ERETas (1000%)
B4 EZIEE FHJS0S(*£SD) i FHIS0S(*£SD)
BaEOEG=RKR ESEUEDESE T 26KQ215% 15430+29.6m/sec | 12A(81% |  1544.3+26.6m/sec
2E2~4EH DEH 76 A(62.8%) 1542.8439.5m/sec 62.A(41.9%) 1543.8+37.1m/sec
. SEIRUTOES | 19A(5.7%) & 15282+335m/sec | TANGBOO%) i 154442394m/sec
%8121 .A(100.0%) %5148 A.(100.0%)
Hi:5 EIZIEE E19S0S(+SD) E1S0S(+SD)
BEOERRE TafECEy T 96 A(80.0%) |  15441+37.dm/sec | 94X (635% i 1545.24+36.2m/sec
22 ETES) 13A(10.8%) 1531.8236.4m/sec 19 A(12.8%) 1550.4%43.3m/sec
S 3GFTEHLCLEN] HAG2) & 1524.2:£29.4m/sec | 35A(236%) i 1537.8+373m/sec
EXH121 X(100.0%) = N %148.A.(100.0%)
HhE:7 EIZIEE E19S0S(+SD) E19S0S(+SD)
Biros &5 T 19K(15.7%) | 15440+438m/sec | 13X@8% 1 1530429 9m/sec |
273N 102.A.(84.3%) 1539.9435.6m/sec 135.A(91.2%) 1545.5+37.8m/sec
"""""""""""""""""""""""""""""""""""" ERE2IN000% T ER S48 K(i00.0%) T
B8 EIZEE FE19S0S(+=SD) FE19S0S(+=SD)
RERHOER i TBERT T 8A(6.6% | 15435+353m/sec | N 1557.84+23.0m/sec
2iE2~3E<CHLERT 66 A(54.5%) 1546.2+38.7m/sec 50.A(34.0%) 1544.6+41.6m/sec
IFLAERRFLLY 47 \(38.8%) 1532.3%33.3m/sec 89 A(60.5%) 1543.0%36.4m/sec
N P AP NG 1 X0 A FEAREI48XE000%) T
2ENFES0S 1540.6+36.8m/sec(n=121) 1544.1237.4m/sec(n=148)

XSOS: BE RIGIBEEE (Speed of Sound)

5) HEFITBEDEBNDIERE (ERI6)
BEOFAENEZ T AMOEHEH X, —&FH
KROEE) & IET DD THo72h%, BEDEE)
DR EWMEICTE o/l &n b, ZOHH
R M R h o o
FORZR (BE7)
BEOFHOKRBIZOVWTHM L Z A,
TU OB 1% 4H1315.7%, K154 1388% 128
DD Y, KU DR F5413514%, K+
HA:1336.4% DSEITOREE A L Tz,
1) RESRHOEFEIINE (ERE8)
MEHEkE ] & T2 ~3msnikEs] %
HhET [RBRKHZHKEG ] L LTEEDD L,
TU O 5B F#41361.1%, L1 5%H1339.4% HSH
UE PR KR 2 I L T\ b, KU OB 122413
70.3%, LT2EADA5.5% H R ER & S L T
Wh ZEDPbroTz,

IZ2WT
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ME 2R ATz, 72, BREFHEOWNESL L
AEHEICET AT v r— e ERL, BEED
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HARTHEEICEWMETH 72, KREIZOWTIES
LEHITAHBRAENRDONh o7z, F72, K
OISOV THMEDR L E HITHE R
RoNGhrol, BEEDOREL L To SOS fil
i, BTHECBOWTTU OLPEREICEWET
Hotze T ¥ — bOFERIE, THIAEOBEIRD,
(ARG OEICRI ], [BUEOEHEIE] O5%
BT A LEZOLNAHBIIBWT, TUD
FHREOFHPENTRERTH > 720 BITORERS X
DRBBHAOBICEE L, B dbzodsi
KU OFHE Do 720



T, M, 2

®-5 H£FBBICEHIDITU7—MER (BAKEHE)

IWF, A, A& AOE, BT - RGP RO A8 L AR B3 2 EBR LT 7e

AARBFKRELE (KU) AARZFRZELE (KU)
Em2 [BEESEE] F19S0S(£SD) F+5S0S(£SD)
HEQERKR T TBHERE T RPN 15395+37.4m/sec | B2 A(430%) i 1539.0+487m/sec
2B R BRI 38 A(34.2%) 1520.9429.5m/sec 55A.(45.5%) 1533.2+36.0m/sec
FEAEBARAGLY 32 \(28.8%) 1531.0%25.0m/sec 14 A(11.6%) 1536.7+38.3m/sec
""""""""""""""""""""""""""""""""""""""" ERSTIRG000% T ERS 21 Koo T
EEET mEEE Fsos(sD) N o FH8S0S(£SD) |
FLE S OERIKR 12 B ER 20 A.(18.0%) 1542.4+41.1m/sec 29 N(24.0%) 1548.058.5m/sec
285 < EHY 73 N(65.8%) 1530.1=30.9m/sec 77 N(63.6%) 1533.9+36.0m/sec
FEAEMBAELY 18 A(16.2%) 1520.122.5m/sec 15 A.(12.4%) 1524.5+26.6m/sec
"""""""""""""""""""""""""""""""""""""" ERE111A(1000% | TR 2T Ge00w T
R mEEE FSOS(+SD) N .. FH8S0S(£SD) |
HEDEBE R 15858 KL EDEE) 25.N(22.5%) 1543.3+£27.6m/sec 6.A(5.0%) 1587.0+31.5m/sec
2E2~4B DEH) 38.A(34.2%) 1533.436.3m/sec 29 A(24.0%) 1551.6+46.0m/sec
SE1RLUTOES 48 A\.(43.2%) 1522.0+28.0m/sec 86 A(71.1%) 1527.3+37.2m/sec
"""""""""""""""""""""""""""""""""""""""""" BRI RG000% T R 2 K{000%w T
B 5 EI&IEH FHS0S(+SD) F19S0S(+SD)
BEDEHE i eRECEs | 95 K(85.6%) i - 15337431.9m/sec |  B8A(@T9% | 15481450 1m/sec
2hFFETIEE) 11.X(9.9%) 1510.9+30.2m/sec 31.A(25.6%) 1532.9+27.0m/sec
SIS ETEHLTLVEL 5N (4.5%) 1516.4+28.9m/sec 32.AN.(26.4%) 1517.5+28.8m/sec
"""""""""""""""""""""""""""""""""""""""" ERB1TRG00.0% T T TTTERE 21 K{00.0% ]
BT EZIER THS0S(+SD) T15S0S(+SD)
Birogsg 1% T 57KG14% i 15264+31.0m/sec |  44A(364% | 15380450 5m/sec
2730N 54 \(48.6%) 1535.2+33.2m/sec 77 N(63.6%) 1535.0=+36.4m/sec
""""""""""""""""""""""""""""""""""""""" EARGTITAG00.00 T T T ERE 21 G000 ]
B8 EIZEIEH FE19S0S(£SD) F1#S0S(£SD)
WEBHHOER T TBEHKL T 14XG2e% 15421433 4m/sec | 6AGOW 1569.85.8m/sec
2;B2~3EICHLERT 64 A(57.7%) 1530.0=%35.0m/sec 49 A\(40.5%) 1532.1%+44.1m/sec
IFEALBRFERL 33 A (29.7%) 1527.1%25.2m/sec 66.A(54.5%) 1536.039.1m/sec
"""""""""""""""""""""""""""""""""""""""" EARFTIRG000% T T R &K 21 KGo0.0%) T
LY ESSS 1530.7%£32.2m/sec(n=111) 1536.1£41.9m/sec(n=121)

XSOS: BERIGHERE (Speed of Sound)
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