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Developmental Changes in gender differences and Age according
to ColP Sway variations while Standing Still in Children

HE®E BHEE EREMN 2FER
PREE BERXC BREHK=

MASAHIRO SAKITAY, YOSHIKI ISHIY, YUSUKE UESAKAY, MaNaMI DOTEY,
YASUAKI NAKAMURAY, TAKAFUMI SAITO?, SHUZO KUMAGAP

Ew:. [BY] SR HE, REOEBNIMICBITSEESL (CoP) BHEEH%2E
R BANOLERLMEBOETFIC L Y ERLL, DBEROBRERED, L BZBENELORY
HBIUERLBZOREBLRETAZETH S,

[(FEE] 4BRASIRTCOREREBIZLBERANOBEHNRE Lz, HRE (8)
213, FRER (E0) LBARR (BC) @ 2 &M THH9INALO CoP BhiS % S20BMdlE Lz, &
WIEE I, RYSE, SRERS L UEERE Lo, SOWEB IXSEAME, BANEE
B LUBEHEATIC X 3 ERIL (BOSR/ Sk, BEEHR/ (REXEER), SEEHR/ (B
EXREIE) CTHE L, MEHRIT TR, SOTHEB 2 REEY, Sl ERt{kERL
L CHASEITE T2 720

(2] EO L EC & b WHERERLNEBER N THOERLEICHN L ERLOER
ROARLN, TIEC TIRER - FRLOKEERASA LNz, T2, XFEIHILE
b N-EREROTERIE, ElE BANIES L UCERILEOF CERILEI KD
BWEETH-7,

(8] IRMUTOCPHIBILEOBLIUVECEDIRLF LY LBFHALERELRT
X, 10KED EC CRBF LY IRFHAFREBICHBT A LEL LNz, CoP BIEEH
ZBWT, BEBIURELEROMICL 2EHIIEZ, EMEPLERNBMESL Y LRED
BEMNTELERRA AL ICEMTHALEZ LRI,

-0 KIRE, REPLG, £, HE R, #86

Abstract: [Purpose]The aim of this study was to examine the validity of developmental changes and
effects of different age and gender by using the coefficient of determination of regression. While
children (and adults) stood still the center of pressure (CoP) sway variance was measured and nor-
malized according to physical factors and changing natural logarithms.

[Methods]Subjects were 364 healthy children aged between 4 t0 9, and 40 healthy adults. The sub-
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jects were required to stand still for 20 seconds with their eye open (EQ) and eyes closed (EC) in or-
der to measure CoP sway variations. The item analyzed included CoP length (LNG), rectangular
area (REC) and envelopment area (ENV). The item analysis was organized according to measured
values, natural logarithim values and normalized values of physical factors (LNG/height, REC/(foot
length X foot width), ENV/(foot length X foot width)). In the statistical analysis, analysis of covari-
ance was carried out and each item was analyzed as a dependent variable for its correlation to gen-
der and age.

{Results] The normalization of both the REC and ENV values had a major effect on both EO and EC
and in EC trials gender and age mutually effected each other. Furthermore, by analyzing covariance
with the coefficient of determination of the regression line, it was shown that out of actual measure-
ments, natural logarithm values and normalized values, the normalized values were the highest.
[Conclusion]The CoP sway variance with EO and EC in boys under 9 showed more unstable than
girls. However gitls with their EC were more unstable than boys over 10 years old. Furthermore, it
is believed that the normalization of CoP sway variance by height, foot length and foot width was
effective in perceiving dévelopment change in children than actual measurements and natural loga-
rithm values.

Key words: children, center of pressure, age, gender differences, developmental change, standing

still

I. BUBI

v+ OEMNEBICE TS RO ERIRER,
RESL (AT, CoP) BHEZHIEL LTH(HES
NTWAEY™Y, CoP BHZETIC L 2 MIE I, BIEVMHEH
MTHBILPBENORELIIL ALY, B
SIS BV T b AR HIBIBRE O Rl R R
HEROHBICBOWTRELERENTWS, —77, &
BRHESBICB VT O /NEOTRERIC 51T 5 5EEE
iR B OFEHBBEELOBRL LTHYWLATY
;‘)1).5)—9)0

v b OIAEEHEL, BER, WERDS XA
EERDBEEMELRE B & UERHEUL & Vv o 7o
PR MRROMEIZ L VBT 5, DMROEIIAL
HEFWIc BT, SR, REHBIUTFENZY
S L TENED CoP BHEE B b HZEWELZ R
HLIMENH LIV, ThO5OMRTIE, 4K
Feir S EBOBIMICEE > TEBIZ P REEI 5E
L, 128515 TIZIZBABEICETH LSRN TWD,
LAL, BERERICL - THBNESR (BE, 45,
RBE, RIELY) PRL5HEL CoPBIREEREZFH,
PHE, FHREE 2 FEHER ENOEREIT-T
WiwELrL D, INODOETHIANFEREDRIIN
RB ORI LINRTVE LIIFVEEV, ZO720, CoP
R A EN IR E OB ER TOERIL,
T, OBuE, dEE, FHBREICRFAEIRE
BLTRETHLESE DY, ERAESRBEATY
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Wi (LT, REC) B X USHEAER (BT, ENV) %
B L Lot ) B2 EF ke bRz 6N
TWh, BRANROHETIILNG i 5E (LT, h)
12k AEHIL, RECRENVIZEE (BLF, FL) &R
& (LLF, FW) ORI X 5 1IEHb % BV CERALAL
DOFFBEE LA L REDV BB, S/, YD
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BB LB 9Tk, LNG & REC DL R &
EEMEROELICEERNH S LDEHLOH S, €
DD, TNOEOMRBERLD L, UMKEII N, B
EREMIZIFL L FW ORCTEZ R EhEHRLT S Z ki,
RYUTHDHEBEESND, LML, ThbDMEIERHE
FIC L BAEHRIEORYEEZRE LG 2, ER
HoORINT CoPTHEEBRMTHRALVNIVICHET S

ERTERATILENHLLEZ LN,

E 51, B ORI AT CEBIRES T X
FCRBBTELVEREOYELLSRTEY, B
EoEHEELZFMIT L LTCCPBIELWET S Z
LIBOTEETHL ERBEEING, £/, BREOF
BT A ERILEN Ty PBET THE S
hTwinwleddd, EFET— 5 OBEICL-T
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BO#N on 1 (age) S (m) FE (k)
18 BT 25 4.4310.29 102.76+4.49 16.80+1.89
TF 24 4.45+0.30 102.82+4.51 16.74+1.86
58 BF 20 5.51+0.28 109.91+£5.48 19.43+2.97
¥ 22 5.4630.30 109.61£5.21 19.20+2.84
6% BT 30 6.53+0.30 114.79+5.68 21.3143.63
xF 30 6.58+0.28 115.02+5.43 21.4413.66
7% BT 40 7.42+0.30 120.0244.54 22.13%3.00
¥ 35 7.43+0.31 120.30+4.83 22.29+3.29
8 BT 38 8.4240.27 127.43%5.21 26.98+4.04
zF 40 8.4140.27 127.4545.24 26.961+4.04
IRk BF 30 9.3610.22 130.67+4.93 28.18:44.64
"F 30 9.38+0.22 130.68+5. 04 28.481+5.10
BA BF 20 21.62+1.18 166.39+8.22 59.63+9.25
T 20 21.09+0.47 164.73+8.11 58.9849. 85

il (age), HFB(em), #H(kg) : meantSD

FZC, AWRTIE CoP BIEFFEHVCTREL N
BRI EEML, CoPBHSEE*S8E, FF
WRE, SBES L UFHER kB LUFL & FW OFf
WKEBERMEICERL, ZOHR, EHELIDD
EOEBREBEL ERLEIS R ENELOBRBICB
TRYDPRE Lizo T/, B4% CoP HIZELKLH
VB ZETETHATRESISN TR 2825158 T
BA L AWICEET B D OEBRE b 1To 7,
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KERFEED O EEERBRORTE B & U/
IS8 ) REEEPLEHREDO LV ARDIL IRTTO
RELABBOBRAEHRE Lz, HREEOREE,
RERBGRE, MFEBFRED L URARREICIE
BMAOBEZXEICTHHL, HEOBLILRER
BB L U/NEE364% & 40 DRM04E DA FEIC
ML (Rl), FHRE, EBRBBAXEEREE
EREOEBLHBI-BIHAB L,

2.5 &

HREBE-HOM FE, FL Eh 681 BRE
W) BLUOFW (B1HREBHLESPEBEMD
R 2HRRORFORENT A—F—L LIz, CoP
BIROWEICIE, Y a—F— (GS-6000, 7 =<
HE) 2EHL, BAERSEE (UWT, E0) LHEREM

(BUF, EC) %7 v ¥ A 2R CH#llE L7z, EO & EC
DT FEI—F— EDOVNESIE, ERAEMM CREE
RENE 2 iS¢ - BARMME L7, EO T, o

SR - BN THHEFRE—EICTH0, 75¢
a—¥—DOFBEICE S 2m, EL5m, BTL.5mOEK
BRBELT, Fo¥a—F—%HAR. WRE - &
i, BROARTSa—-F—Lkicyifiz ey, B
WROBETH A 1 mICHUY 41772842, 5emD v — 7 —
RER S, T2, EOBXUECED ICEENM
F—FBILTBLDIIANY F7+ &85 L, e
white-noise IZ X AR E 5 2 /oo REIX, MEICL S

MEto] OERTERLE L. EC TORERRE, 7
AR %EH L THELERL 72

CoP BRLDY ¥ 7)) ¥ 7 ¥ ERIEI50HL L, EO B
L UEC & b0 MBI L 720 CoP BIEENM DR
& LT, LNG, RECB XU ENV 4 #HE & L7
LNG i, E{llf& (B\'F, LNGm), EfED BRMN
(BT, In(LNGm)), EHMEDOFHRME (LT, St
(LNGm)), ZflEO 5% E (LLF, 1/LNGm), £
WEDFHE (BLF, (LNGm)?) BIUEEILLS
E#HIL (BUF, LNGm/ht) 8 H L7z, %72, REC
L ENVIZ, £ ME (BLF, RECm & ENVm), E#ll
EOBRSBME (T, m(RECm) & n(ENVm)), £
MEOFH5RME (BLF, Sqrt(RECm) & Sqrt(ENVm)),
EHEOHFHME (BLF, 1/RECm & 1/ENVm), £
WEDOFHE (LUF, (RECm)?L (ENVm)?) B X UFL
EFWORIC & 5 E BAL(RECH/ (FLXFW) B & U
ENVm/ (FLXFW)) # 8H L 7z,

3. SRtAEAR
EO & EC DEEMHIZB VT, & CoP BIEE KO
HEBESELRETA7-0, 4800 98T CORE
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#3540 51 1= Kolmogorov-Smirnov R5E % EMi L 720
FOH%, ERBOBCGEREPOEHNTE L7
CoP BiZER L HEEY, £t (ERER %
MYEHOEER L LTRGBS (LT, AN-
COVA) %#fTo7:, %72, ANCOVAIZX BB FBLIV
ZFOERERROFEERE (UT, R) &R,
¥/, BRABUBIUBAZEDE CoP BIRERD
FIE Y EIREMNICEAL, BFEXKFOECoP
BIREBD AL WICHIET 2 EREHEE L.
EO B & U'EC ?® 2 &## ® LNG, REC 3 X ' ENV
DENTA— 5 —DHBE, 4IPSO IRITORL
R&T— 7 2 BEY, £# GERER) LHRELHF
(EO & EC) DM ERE LR L LT ANCOVA %
ol BEAMEIX, 5%k (p<0.05) & L7

E. & R

1. CoP BiBZEMOEREDEEE
HREBEICBIT AL CoP HIFEMOEREHESE
R LT, FERFNOREBRER2IIRT,
LNG,REC B & U'ENV O £ CoP BIEERIC B\ T,
BARNEUE, FHBRES & UERLER L TOFERR
THLLL b shY, ERAEFZD o N, L
L, EilE, SHBES L CFEHEERICEREHSE
H SNBSS RO LNz,

2. CoP BiBZE#H O EMREM, FHRES LUIE
MbEIC K 3R L EMOBE

CoP BiE RO EHMESEREE R, O, ERE
PEHS N ho - BRSHE, FHREDS X UER
LEICBNT, HRBEDEO L EC D 2 &£ THH
LAEMEOKE S ANCOVA P LIRE L1z, ZTOER
FRIIIRT, '

LNG LT, e HRlZER & L7 LNGn,
In (LNGm) , Sqrt (LNGm) 3 & UF LNGm/ht & ® AN-
COVA TiX, EO L EC t b IZE#H L 0 FE3E (EO,
LNGm, p<0. 0001 ; EO, In(LNGm), p<0. 0001 ; EO,
Sqrt (LNGm), p<0. 0001 ; EO, LNGm/ht, p<0. 0001 ;
EC, LNGm, p<0. 0001 ; EC, In(LNGm), p<0. 0001 ;
EC, Sqrt (LNGm), p<0.0001; EC, LNGm/ht, p<
0.0001) %2Bw7=A%, AL OFERR, HH - Fiwo
REERIEIZED SN D o720 LNGm/ht 3 HEBE
EL7BFB X URFICBT 5 ERES O RYEIL, EO
& EC D 2% L 12 LNGm, In (LNGm) 8 & U Sqrt

(LNGm) *#BERL L-BFBIU0XFORERBE

REOHE LM B 2B RE D CREBENORENTIL

BMORMEL ) bBMETH o720

RECIZBIL T, il L HER L L /2 RECm,
In (RECm) , Sqrt (RECm) 3 X U RECm/ (FLXFW)
¥ D ANCOVA Tit, EO & EC L DR L DERR

(EO, RECm, p<0. 0001 ; EO, In(RECm), p<0.0001 ;
EO, Sqrt(RECm), p<0. 0001 ; EO, RECm/ (FLXFW),
p<0.0001 ; EC, RECm, p<0.0001 ; EC, In (RECm),
p<0. 0001 ; EC, Sqrt(RECm), p<0. 0001 ; EC, RECm
/(FLXFW), p<0.0001) % &7z, EO T, RECm/
(FLXFW) I2BWTOAHEMNIC X 5 EF)FE (p<0.05)
%72, EC Tit, RECm, In(RECm), Sqrt(RECm)
B L URECm/ (FLXFW) IZBWTHNIC L 5 EHE
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EC, Sqrt (RECm), p<0.01 ; EC, RECm/(FLXFW),
p<0.001) % @&, RECm/(FLXFW) BV TDH
5 - SEWOREIER (p<0. 05) H5E0 & 7z, RECm
/(FLXFW) 2 HBERL LAEBFBLULKFICBIT
5 EYREMO RMEIX, BO & EC @ 2 &4 & 312 RECm
Y In (RECm) #HEBEREL LB FHIUKTFOME
REMORMEL Y OBETH o7,

ENVICBIL T, FElnL N ZH_ER L L ENVn,
In (ENVm) , Sqrt (ENVm) 3 X OF ENVm/ (FLXFW)
& D ANCOVA Tid, EO L EC L b ICER L DEFHR

(EO, ENVm, p<0.0001 ; EO, In (ENVm), p<
0.0001 ; EO, Sqrt (ENVm), p<0.0001; EO, ENVm
/(FLXFW), p<0. 0001 ; EC, ENVm, p<0. 0001 ; EC,
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(FLXFW), p<0.005) % # ¥, ENVm/(FLXFW)
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B2, NBREOEE - B X 5% CoP BREBORELMFIERAMBEEDOBER

ARBRBT 4BBERT 5EET 5RIT 6 RETF 6 BKTF TRET¥ TREF SEBET SEKF IRBF IBLF
D P D#E P D#E P DB P D P D#E P D#E P D@ P DHE P DE P D#E P DHE P

Cop BVRZER  HRLH

LNGm EO 0.1012 - 01051 - 00988 - 01191 - 0.1219 -~ 0.0824 - 0.1039 - 0.1663 - 0.1538 * 0.1560 * 0.1147 - 0.1118 -
EC 0.1268 - 0.08% — 0.1231 - 0.185 - 00863 -— 0.0781 - 00704 - 0.0683 -— 0.0655 — 0.0648 - 0.1227 — 0.1169 -
In(LNGm) EO 0.143 - 0.1279 -~ 0.106 - 0.0815 - 0.101 -— 0.0712 -— 0.0663 ~— 0.0666 -— 0.1057 — 0.1083 — 0.0818 -— 0.0787 -—
EC 0.1239 - 0.081 -~ 01146 -~ 0137 - 0,133 - 0.1318 -~ 0.0827 - 00763 - 0.08%6 — 0.0703 -— 0.0652 — 0.0632 ~—
SqriLNGm) EO 0.1151 - 01188 - 010156 - 0.0%69 - 0.1038 - 0.0664 -~ 0.0862 - 0.0873 - 0.1300 — 0.1325 - 0.0929 — 0.083 -
EC 0.1266 - 0.080 -— 0.1202 - 01625 — 0.1082 - 0,105 - 0.0547 — 0.0483 - 0.0587 — 0.0592 - 0.0%00 — 0.082 -
IILNC;m BO 0.2249 - 0,158 — 0.1413 - 0,109 - 01417 - o111 - 0.0962 - 0.082 - 00537 - 00618 - 01018 -— 0.0989 -
EC 0.1265 - 01062 - 0.104 -— 01238 — 01757 = 0.1781 * 0.1382 - 0,134 - 0.1330 — 0.1335 -~ 0.0793 — 0.0800 -
(NG EO 0.1420 - 0.1302 - 0.1145 - 0.1647 — 01720 — 0.1295 - 0.1346 - 0.1357 — 0.194 =+ 0,162 *= 0,1503 — 0.1493 -~
EC 0126 -— 01231 - 0.1651 -— 0.2458 - 0.1265 - 10,1085 - 0.1260 - 0.1247 — 0.1192 - 0.118 — 0.1948 * 0.182 =«
LNGm/bt EO 0.146 - 0.1229 - 0092 - 01216 - 0.0924 - 0085 -~ 0.1152 - 0.13% - 01297 - 01316 - 0.1157 - 0.1192 -
EC 01139 - 0.13%4 - o171 - 02224 - 00925 - 00737 - 00845 - 00817 - 00786 — 00789 ~— 0.1423 - 10,1403 -—
RECm EOC 0.1093 - 0.0988 - 0.1106 - 0189 - 0125 - 01130 -~ 0.1207 - 0.1205 - 0.1626 =+ 0.1721 =+ 01500 - 0.1511 ~—
EC 0.1365 - 02199 - 00811 - 02049 - 01770 * 0.1572 - 0.1528 - 0.1526 - 0.1314 - 0.1300 -— 0.1409 - 0.138 -
InRECm) EO 0.1284 - 0.0942 - 014 - 01165 -— 00860 - 0.0864 - 0.0523 -— 0.0526 - 0.0826 -— 00911 -— 0.1166 - 10,1157 =~
EC 00991 -~ 0.1432 - 0.120¢4 - 01266 — 0.10388 - 0.088 -~ 0.0859 - 0.0660 - 00571 - 0.0582 - 0.0641 -— 0.0857 -
EO 0.11%6 -~ 00616 - 00970 -~ 0.134 - 0.09%4 - 0,083 - 00797 - 0079 - 01146 - 01233 - 0.1367 - 0.1362 -
SanRECm) EC 0.124 - 0.1762 - 0.0892 - 0.1678 — 0.1427 - 0.1288 - 0.1052 - 0.1048 - 0.0853 — 0.0840 - 0.0925 — 0.0841 -~
VREC: EO 0.2405 - 0.1707 - 0.1914 - 0.145%4 - 10,1381 - 0.1221 - 0.1604 * 0.1477 - 0.0989 -~ 0.1030 ~ 0.1338 ~ 0.1165 ~—
EC 0.1260 - 0.1328 - 0.224¢ - 01738 - 0.1018 - 0.1013 - 0.1800 = 0.1810 = 0.2087 * 0,2091 =+ 0.1381 - 0.1329 ~
EO 0.1547 - 0.1647 - 0,187 - 0.2634 -~ 0,187 = 01739 -— 0.2166 = 0.2173 = 0.2744 = 0,2762 * 0.2012 *= 0.2064 *
®RECmY EC 0.1653 -~ 03156 =~ 0,143 - 0267 -~ 02178 - 0.1918 * 0.2378 ** 0.2403 ** 0.2078 =+ 0,2065 ** 0.2312 == (2203 e
RECTY(FLXFW) EO 0.144 - 0,080 - 0.1257 - 0.1905 - 0.1277 - 0.1122 - 0.1195 - 0.1274 - 0.1706 - 0.134 — 0.1409 — 0.1438 -~
EC 01515 - 0.,1931 - 01070 - 02298 -— 01700 -~ 0.1682 - 0.1258 -— 0.1283 - 0.148%6 - 10,1492 -— 0.1463 -— 10,1887 -~
ENVm EO 0.0%84 - 01626 - 01164 -~ 01479 - 0.1042 - 0.1066 - 0.1268 - 0.1342 - 0.1467 - 0.1567 =+ 0.1305 -~ 0.1555 -
EC 0.128¢ - 0.1332 - 01102 - 0.17¢4 - 0.1364 - 0.1207 - 0.1310 - 0.1283 - 0.1481 - 10,1487 - 0.1565 -— 0.15824 -
In(ENVIm) EO 01189 - 0.1123 - 01246 - 0.1002 - 0.0823 -— 0.0847 -~ 0.0686 -~ 0.0843 - 0.1173 - 0.1262 - 0.088 — 0.1000 -
EC 0.0688 - 00745 - 01487 - 0.1211 - 10,0620 - 0.0515 - 0.0649 - 0.0611 - 0.079 - 00765 - 0.0867 -~ 0.0818 -
EO 0.0928 - 0.132 - 00977 - 0.1221 - 0.0981 - 0.09%5 - 00931 - 01072 - 01277 - 0137 - 0.11056 - 0.12% -
Sqr(ENVm) EC 0.0934 - 00988 - 0133 - 01423 - 0092 - 0.07%4 — 0082 - 0087 - 0.0 - 01077 - 0.147 -~ 0.1101 -
YENV EO 0.2674 =* 01918 - 02028 - 01322 - 010 - 0.1114 - 01360 -~ 0.1448 - 0.078 - 0.0821 - 0.1118 -~ 0.1002 -
EC 0.138 - 01293 - 02862 - 0.1389 — 0.1491 - 0.1454 -~ 0,151 - 0.151 - 0.1330 - 01328 - 0.1331 -— 0.1305 -
ENVay ECO 0.1307 - 0.2072 - 0.187 -— 0.2572 - 0.1654 — 0.1699 -— 0.2375 »+ 0,238 s+ 0,275 ** 0.2768 =+ 0.2018 ¢ 0.2101 =
EC 0.2061 -~ 0.2029 - 0.1378 ~ 0.2445 — 0.2237 =** 0.2148 ** 10,2455 »* 0,2453 #+ 0.,2228 =** (,2233 ¢+ (0.2565 ** (,2531 %=
ENVIV(EL X FW) EC 00922 - 0.1089 - 01138 - 0.1538 - 00976 - 0.0879 - 0.1379 ~ 0.1416 - 0.1447 - 01455 - 0.1370 — 0.1404 -~
EC 0.1697 - 0.143 - 00975 - 01860 - 01521 - 10,1870 - 0,119 - 10,1236 — 0.1380 - 0.1451 ~ 0.1342 -~ 0.1432 -

LNGm : BB RSHME, In(LNGm) : LNGm O BRGHM, SqrLNGm) | LNGm O 5, 1/LNGm : LNGm N5 84, (LNGm) : LNGm OFHE, LNGw/ht | LNGm OF &I L 3 ERLME, RECm | EHERKHE, n(RECM) | RECm D E
xS, Sqn(RECm) : RECm OFJ7iEl, /RECm : RECm D58, (RECm) : RECm OF 5, REC/(FLXFW) : RECm DR E L BIEOTIC X 2 EHLE, ENVm : #EEHREHM, mENVM) | ENVm 80 BAN KA, Sqn(ENVm) | ENVm
DOFFRE, VENVm : ENVm OFEHE, ENVr)Y : ENVm OFHH, ENVa/(FLXFW) | ENVn D25 & REOFIC L 5 EHLEL. EO : BIR, EC: B,

Kolmogorov-Smirnov 52

® 1 p<0.05,** : p<0.01, — . not significance

VHEAFLORZSEV h HYYOE Y O 218 I ZROEY



3. EO BEC &H I B A8 REOHEG LERICHT 5% CoP SISEROETE

EO BC
——  mmER i DR ERRE G AR
(ERER) 150 8 REAER (R%) #51 8 XEMER (R
(F#D) (Ff) (FfD) 5-3-¢4 (F#D) (F&) (F#D) B 8T
TE:&F T&:&T

BMEBE(LNG) 4 (LNGm) ns. sk ns. —1.65 50.97 0.06 n.s. Sl ns. —-2.17 68.12 0.05
{c) F (1,360) =27.39 -1.55  46.47  0.09 F (1,360) =15.15 -1.42  57.83  0.03
In(LNGm) n.s. suan ns. -0.26 4,14 0.05 n.s. o ne —0.29 4.48 0.06

F (1,360) =26.46 ~0.31 413 0.10 F (1,360) =18.04 —0.23 423  0.04

Sqrt(LNGm) n.s. saase n.s. —0.13 7.10 0.08 n.s. by ns. -0.15 8.28 0.05

F (1,360) =27.230 0.13 6.85  0.09 F (1,360) =16.785 —0.11 7.6 0.03

LNGm/ht n.s. BaBEE n.s. —-0.03 0.56 0.24 n.s. seuns n.s. ~0.04 0.7 0.23

F (1,360) =128.08 -0.03 0.51 0.30 F (1,360) =91.76 -0.03 0.64  0.18

SERER(REC) HFHE (RECm) ns. Mg n.s. —1.00 16.52 0.11 v sanas ns. —1.44 23.82 0.11
(cad) F (1,360) =47.56 —-0.88 13.68 0.13 F(1,360)=7.75 F(1,360)=33.48 ~0.75 16.07 0.05
In(RECm) n.s. epes ns. -0.73 3.53 0.12 * gy n.s. -0.77 3.96 0.13

F (1,360) =33.48 -0.80 3.42  0.15 F(1,360)=5.25 F (1,360) =38.62 ~0.50 3.2 0.07

Sart (RECm) ns. wonas ns.  —0.16 413 0.12 wa wowas s, ~0.20 5.02  0.12

F (1,360) =52. 308 -0.16 3.7  0.14  F(1,360)=6.810 F(1,360)=24.403 —0.12 401  0.06

RECm (FLXFW) * asan ns.  —0.02 0.18  0.32 wow saans ® . =0.02 0.25  0.32

F(1,360)=5.11 F (1,360) =165.82 -0.01 0.14 0.32 F(1,360)=12.22 F(1,360)=144.64 F(1,360)=6.61 —0.01 0.18 0.25

SAER(ENY)  FHE(ENVm) ns. wonns ns.  —0.42 6.06  0.16 s sesas .. —0.42 .21 0,09
(cd) F (1,360) =71.28 -0.34 479 0,18 F(1,360)=5.43 F (1,360)=28.3¢ —0.24 517  0.06
In{ENVm) n.s. snds ns. —0.86 2.66 0.16 @ sasna n.s. -0.71 2.70 0.11

, F (1,360) =78.41 ~0.94 2.5  0.20 F(1,360)=4.11 F (1,360)=35.42 —0.47 2.06  0.07

Sqrt(ENVm) ns. sosns as.  —0.11 2.51 0.16 ® wanas _ ns. -0.11 2.76  0.11

F (1,360) =77.438 -0.11 2.25  0.20  F(1,360)=4.958 F (1,360)=33.068 ~0.06 2.28  0.06

ENVm(FLXFW) svus wrnnn ns.  —0.01 0.06  0.35 son sssue ® -0.01 0.08 0.28

F (1,360)=7.65 F (1,360)=208.09 —0.04 0.06  0.39  F(1,360)=9.47 F(1,360)=134.91 F(1,360)=5.09 —0.004 0.06  0.27

B EROEELHYEHE L, LNG, REC 8L UFENV ¥ ENERBBERE LAk (ANCOVA), BIRS X UBIASRMHIC BT, RERBIIN T 28H, EBThThORUERL DAMNIPDROTRERT,
27:, ZEGRBRERSRLED  ERORTRE L OSHNEIOFEERT, b (EHE) +HEERL LT, 85 SHOBFELXGUANT B4R, FHOUIEHUL h (FROBEER KERLTRHLLZ,
LNGm: LNG D84, RECm: REC ORI, ENVm: ENV OEEH, In(LNGm): LNGm O BANEM, In (RECH): RECm O B #HE, n BNVm): ENVm OBRNEME, Sqn (NGm): LNGm DOF5HH, Sqrt (RECm): RECm OF 4,

Sqrt (ENVim): ENVm O 7484, LNGm/t: LNGm @ ht {2 & 2 E#M, RECo/(FLXFW): RECm 0 FL & FW ORI & 5 E#L, ENVm/(FLXFW): ENVm # FL & FW OBt & 5 L.

EO: BB, EC: BIE, LNG:@RWEFE, REC:(ERER, ENV :SUEER, bt 4% FAL:EE FV:EHE

% :p<0.05, %% :p<0.0l, *®% :p<0,005, ¥ # %% .p<0,00], * s k& #& ! p<0.0001, ns.l notsignificance
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REOHE L FBHIC BT ABNUVEEROHISERORENEL

#E®| L L7z LNGm/ht BiO ¥R ER EMH T, £l
DOWIMHEVB L L b LNGm/ht BB ER L7z L
L, ANCOVA TIXMFNIC X 2 %R B L U5 -
FRIC X AREFRRBO b NBPoleld, BTL
FLOICAMOBRI EHRE (H1), ZOEED
b, EOILBIT2BLXRBEREGOEBR (LNGm/ht=
0.535—0.03X Age) (CHEAB KDL LNGm/ht & H#A
LR TIE, BREEOBEALVIVICEET 3T
F£i#51212.6£1.08ThH o7z 72, ECIZBITAEB
TREREOERFR (LNGm/ht=0.694—0.037X
Age) ICRABLOE LNGm/nt ZHA LR TRH,
BLURBREOBRAVANVICEET BHEEEEIZ13.3+
1.78Cdh o7

RECIZBWT, REDHKE L E» o 1-ERH L%

09 EO

LNGm.~ht

¥ T T T T v v v 1] w]
3 4 6 6 7 8 8 10
1. EOBIXUECEZHBICBITAERLENCBITA28ET
ERE LR B R

EO : BilR %, EC: M4, LNGm/ti: SWHE/SE, B: B
F, GIKF, R EH/Y%
EREER

EO, B : LNGm/ht=0. 563—0. 032X Age
(R*=0.236)

EO, G : LNGm/ht=0. 507 —0. 029X Age
(R*=0.304)

EC,B ! LNGm/ht=0. 746 —0.042 X Age
(R*=0.228)

EC, G ! LNGm/ht=0.641—0.033 X Age
(R*=0.177)

RECm./(FL
©n

45

ER & L7z RECm/ (FLXFW) BOHFIERERT

it, EO L ECOMEHL L HHNOEHRFBOL

N e, BFCERTEFORBERS LT
Hol: (B2), &I, ECIKBWT, RECm/(FLX

FW) 35 - €#RIC X 2 REERAPBO O (F

2)e BOIKBUILEHRABUEBIUSHALED

RECm/ (FLXFW) #BTFREB L UL FREDER

ERRNCthEThBATELE, EOTEBFREBLIU
RFREFBALVANVICHET 2iEEERE T TN
11.0£0.48ThH oo ECKBUII2RABEB LU
BAZ D REC/ (FLXFW) 2B FREB L UKF

REOBBERRICETNENEAT S L, ECTEF

REFBEACHET 5 HEEEHIX0.7£0.58, TT
BETIX1.6:1.28ThH o7z,

%40
3.51

EO

% FW)
P w
< Q
i 1
-3

[
i - ?

§

0.6

3.0+

RECm./(FL X FW)

2. EOBIUVECEHI B ERLENICIIRELE
EOMCERL LA ERER O BMBER

EO : BAMRZM, BC: BlR%#, ENVm/(FLXFW) : SEMR, B :

BF, G &F, R: e

EfRER

EO, B:ENVm/ (FLXFW) =0. 178—0. 015X Age

(R*=0. 318)

EO, G:ENVm/ (FL XFW) =0. 143—0. 012X Age

(R*=0. 316)

EC, BILNGm/ (FLXFW) =0. 250—0. 021 X Age

(R?=0.315)

EC, G:LNGn/ (FL XFW) =0.177—0. 013X Age

(R?*=0.254) -
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ENV IZBWT, REORDEP o EMm L N2
2%/ & L7 ENVm/ (FLXFW) BoMFIERERT
X, EO &£ EC DS L b CHENOEFRIEZD L
N2 edhb, TFICERTEBFORBERI LT
Hot (A3) 612, EOWKBWT, ENVm/(FL
XFW) (M5 - £l X AREERIRD o (]
3)o EO BT 2RABES X UHRALKHED ENV/
(FLXFW) #BFRESB I UXFREDBRERN
KERFNEATS L, EO TETRESHAICEZ
3 5 HEEAEMN 9. 940,48, KT RETIZ10.8+0.9
BCThol, ECIEBIIARABREL L UBRAXED
ENVm/(FLXFW) 2 BTFREB LI UL FREORG
ERRICFNEFNRZAT S L, ECTEFREISBA
ICBLET A HEERITIL 620,65, KFRETIZI2.3

x 101
1.57

EO

}

ENVm./(FL X FW)

EC

ENVm./(FL XxFW)

3 4 5 6 7 8 ) 10 bear

B3. EOBIXUECRBIBILERLENCLIRELR
EOMCESRE L 2/ EEifo BRER

EO : BiRZ4f, BC: BR4{, RECm/(FLXFW) : @EM, B:

BYF, G:I&F, R REFRY

ERERS

EO, B.RECm/ (FL XFW) =0. 064 —0. 006 X Age

(R*=0.359)

EO, G:RECm/ (FL XFW) =0, 050 —0. 004 X Age

(R?=0. 385)

EC, B:RECm/ (FL XFW) =0.078—0. 006 X Age

(R?=0.283)

EC, G:RECm/ (FL XFW) =0.057—0.004 X Age

(R?=0.269)

REOEE & £ BT 5BV RE P OEHRER O BEHEL

:tl.Zﬁ'(‘ﬁ) 272

4L RURGEEFERS NG, RECBELUVENVICS
AW

HELGLEHYHER L L7 LNGm/ht, RECm/
(FLXFW) 3 X U ENVm/(FLXFW) €€ D AN-
COVA TiX, HESRME L EHICFRETNEHFE (LNGm
/ht, BELAF, p<0.0001, 48, p<0.0001 ; RECm/
(FLXFW), 8 %&M, p=0. 0001, 4E#, p<0. 0001 ;
ENVm/(FLXFW), # % % #, p<0.05,% @, p<
0.0001) %0, HESRH - FMOZEERIRDL
Niadhol: (Fd). AEEFGLEBLIERL L
LNGm/ht, RECm/ (FLXFW) 3 X U'ENVm/ (FLX
FW) BOEFhENoORFBERTIE, EC O BREMR
PEO DEREMLY L LA THY, FiRoMmice:
WEO & EC OEUREMIL, ZIRFITOTHRERLL

(H45»56H6),

V. % & ,
I. LNG, REC H XU ENV DEFRLDORYHEIZD
WwT

4D S IROBE LA NRICHENZAMICBIT
% CoPBhiZ 4 5 LNG, RECB L 'ENV 2 H i L 7=,
Z0%, TREROERNME, 48, BRIE, FHR,
FHICEBERBIUht (FLIEFLXFW) 2L 51E
FALEITV, B EERIC L AHEE2RE L, ER
HOBESERENER T, EHE, SBES X UF
FEPABEICEN SN L TERE» ONANIER
BErurROLN . CORHEPL, 4BPH IR
TOBRFBLTLFOCoP HIHBEBIB W THAN
Bfl, FHBREDS L CERIEZERENR- LT
AEBChHELEZ NI,

ANCOVA D # R Ti3, LNG, REC B & UFENV id
FREFNIEHL L7z LNGm/ht, RECm/ (FLXFW) B
X U ENVm/ (FLXFW) O BIREMIC BT 5 R¥E (0.18
#50.39) DBOERMER RN BEIC X 5 BRER
DRYE (0.032050.20) L h bHE@EERLZZ L H
5, ¥TIEF YA YWE L. Odenrick H DFED T,
EO & EC ® 2 &fFI2B1T % ENV OEHIE & E#IC &
% B4R B R X 0 & £ T X RME £%0. 014 50.62&
Vot KERBENALNT, 4HD ENVm/ (FLX
FW) ORFBRICL 2 RYETIE, TOoMRLD BT
DEAAEL, POEHMER RN BEIC L 5 RYE
Y YEMETH oo Odenrick b DR TIX, WMRE



REOEE L EHICHBT IBHIMREPLHIREROBEGEL

4. BRBREBSORMEEN LEMICHT 55 CoP BHREROKE

BREH Eily AEVER
ek F &) (F 1) 7 1)
LNGm/ht , THERE HHHRHE
F(1,360) =20.20 F(1,360) =199. 30 n-s.
RECI/(FL XFW) s S
F(1, 360) =15.08 F(1,360) =282.27 n.s.
ENVm/(FL XFW) # JHEHE?
F(1,360) =5.83 F(1, 360) =305. 07 n.s.

BESLFLEROERZPBIEH L L, LNGm/bt, RECr/ (FLXFW) 3 & UF ENVm/ (FLXFW) ¥ #h i
HREREL LRS5BT (ANCOVA) . BEBREBUCH T 288 EE, ERFNFThoMr BN L okt
HEDROBELT T, 7, TEEARREBEERERELN - EROXTEN L 0B EE0EE
2RTo

LNG OE#i, RECm : REC ®EHE, ENVm : ENV O, LNGm/ht : LNGm @ ht ¢~ X 5 F#1k,
RECm/ (FLXFW) :RECm @ FL & FW OFRIC & 2 1E# /L, ENVm/(FLXFW) . ENVm ® FL & FW ORI
X BEH.

EO : BIR, EC:BSMR, LNG . &#i8kR, REC . @HEM, ENV . NEEM, n: &, FL EE, FW !
RiB. .

# . p<0.05, dHs p<0.001, 44 . p<0.0001, n.s. . not significance
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BEIRPOITREICLEHEETHS—FT, BER 2. LNG, RECH LU ENVOE & ERMICL B E
DB RE VP Lol 2DITBAZILL 5 BEH o T
RYEDIES DS ICRB sz EZ b, LAL, RAEASHR B ICEETH o 72 LNGm/het ICEEH T 5
FHETITHRBEBA S o7/22 & T, RYEH0.27 &, EOLECD24&BE D CEBROEHRLAD /-
P50.30L XD EFPEVERICRoEELLN PUAHOFENRIE L, &6 ICER - HUOFEIER
2o o, WBREBILEAME, THRES LR Babhidholz, 2, 4BPHLIRITTHRE
BEIDIRENUTEIVIFIROIEBECHo722 IKBWT, LNGIZEO L ECICBW B L CHRELRE
EHhtRFL & FW OB TIERLT 5 2 LAY 1342, FRHOBIMCEs TEMLABL2RT LB
MNOFBEHEILZRIAZLICEHTHLLELOLN WRTE/, £D—} T, RECm/(FLXFW) 5 X U ENVm

720

LNGm.~ht

/(FLXFW) CTIZEO L EC L bicH L ERIcEY
REROIH, EO TR - FioXEEHIEERD

RECm.”(FL X FW)

3 4 5 & 1 8 9 10 be

4. BEEFHOBVEERIINTHERTERLLLRH H5. AELFORVELERCTTIEEL RIBEOMTIER

B

b L - @k

EO: BRR &4, EC: FAIR4 %, LNGw/ht . BUME /S E, R : EO: BB %4, BC: BIER4&#4, RECw/(FLXFW) : S EHi/ (FL

RERR XFW), R?: el

BERE SR BRERR :

EO:LNGm/ht=0.535—0. 030X Age EO:RECm/ (FL XFW) =0. 161 —0.014 X Age
(R*=0. 256) (R*=0.304)

EO:LNGm/ht=0. 694 0,037 X Age EO:RECm/ (FLXFW) =0.213~0.017 X Age
(R*=0.198) (R?=0.271)
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LY, W EC TR - EFROXEERAERD L,
CDERDPL, ARDPOLIBRTICORETHE, EOD
REC & ENV IZBWTHF L) b FoEEZ #ERT
BT EDPMAAT, UL, BCTRIBUTCREF
X0 dEFIEM[EERT 2, 10BDBETEFIL
FIHHEECHEBT L EARE (H2,3), B0
FITHIRD P BT, HRHMB L UCZEH O LNG B
YU REC CHRETFHBEFILEREETHS Z LH¥H
HERTEY, SEOEEN, S, EO & EC D RECw/
(FLXFW) & ENVm/(FLXFW) 2BV THENICL S
FRREISEDLNLZ EH S D, BTFORKERSS
FOEBERL VO THOMEEZRLL. 3EIHI5
BORER IURANENBE LN RICHESR, WE
B LPEHRERICREE 525 6 BEOMAGD
R TEBEIE LIRS LD T, TEPS 8
FCOLTFIREFICHTRHERBREOM & 5EN T
WEHEHELTWS, LFIFBFICHTNT VAR
BEOENTWAERBL LT, BB R MRS
BHOEDD LT HHEDDL H D, FHREON
FRECBNTETHOFRIOREICENZ 2o 7
ZENLD, BERTERETFIHETF LD b AERRE
DENTHWE Z EPFRFOE[EICORP oIz EFRERE
N7z & 5|2, EC-RECm/(FLXFW) & ENVm/(FL
XFW) (%, %5 - FHIC L 2REERSALRIZE
BV T, IRUTCRBFREFLY IRERIK
FTHIEIRBENT, BHER, WERSLIUHHE

1
14510

2

[
Y

e

ENVmM.~(FL X FW)

Age s

6. BELEOBRVEERICHTIREL REBEOHMTER
AW AL YT

EO: BIIR &4, EC: BIBR44E, ENVm/(FLXFW) : B ERH/ (FL

XFW), R?: BesEfii

BIREMR -

EO:ENVm/ (FL X FW) =0, 057—0.005X Age

(R?=0. 352)

EC:ENVm/ (FL XFW) =0. 067—0. 005X Age

(R2=0.261)

RBEOEE L FRICBY 5B RE S LCHREROBENEL

BREROEENEFEICHELT, YRBICBWTRE
BHEAC BV TEERCLIZEERBVY, 208
BAIHRERIC L 2EKEIRI L, BHEREROER
UPBLEBEEINTVAEDN, 2% ), 9RUT
DBTFRBERICLBZEFILF LY IBNIL, &
FRAERIRBEFET L DB LAEC THFIK
F & 9 b EEIC RECn/ (FLXFW) B X U ENVm/ (FL
XFW) CHREZRLIERICE12EX LN,
LAL, BFRHERRPEEREROZBENEEICE
&, 10RAIBRCHF LD SEEICL B LRBESNIZ,
LNGm/ht I2BWT, ¥R 51{, RECm/ (FLX
FW) 3 X FENVm/(FLXFW) CTREZIFTZHoh
ZEEE LT, BRI CoP DEMBEYZ)OE
MEHEORMTHEOIIH L, ERCHABOEMEIL
CoP DRI LB HMEMOBMTCROLND T LH b,
MEIC X ABEFR L D SW|BEI L 2EROFGBEED
BREICH L TESEEIBVEEZ LN,
ERWOFEICELT, 3B L1IRTTHOIRELSS
ZEMBEL LT CoP BE A WE L/-HIFEYCIE, 10K
UTOEBEBVWTBFFLFINOILNGB LU
RECHKE L, ZOHREIBLEDICA LAV THER
L7 @ELTWD, /2, 4L ETHORE
278% % WH L LT CoP BiiE 2 WRE L 2WMRP TR,
EO-LNG & EO-REC 31082 L1 CTHRAE L &
FENFALNTY, ECLLNG T12%{, EC-REC TIl1i
RECBNELBEFENAON R o LT,
SED 4 EHS IRBETHES N FERRICHEMNE
TRALIERICBWTSH, EO-LNG TirBick bic
12848, EC-LNG Tl Bics 1141, EO-REC
TIBRI L 2115 RI$%, EC-REC TRBFHI11IEC
TEFH128BAL, BO-ENV TIIBTFHIRMACTHF*
10&4¢, EC-ENV THBFHFIIER TRFII2RMA L
WIEBM LR L 2o/, ZOBRPS, BRI
BREOFZERZII0ED L L2BRR CTHRABICHEET S L
Zz bhiz, BEZRNRICHTOHEDHER 2 HEN
ZERICRES L BP0 T, BRSO TR
HROMHREBRE L CERSTHREN 7RETHAL
R hBeBELTWS, 72, EFEEIZRZICH
LC, EEMOEPROBRELME S B CIIBIR S
HEBIC L S FEMBOTHEEEFLEL Shb,
52, UM TOBHTHRERIDEAERDOREZ T
T2<{, RBROEFHELPLOBREIER SN, BE
DAL PRSP FEEL TL AL ERATWEY, &
NoOmMRBED L, BT L Vo BT R I BRI



REOHE L FHIC BT 2BHINRERCEHRERORENEL

MOFRRREL Y VBT L CRETHILIML, &
TR OBREEBE O CTREBODIEFHL LIS
LRENVREEL, TORBHULOREEIEE S
T S ITRBEATRIR S iz,

3. LNG, REC 5 LU ENV DRMRfF &L EMICE
ABWICONT

RMEAHIX 8912 B T - 72 LNGm/ht, RECm/ (FL
XFW) B & U'ENVm/(FLXFW) 2% H$5 L, #
NENICBWTHRESRM (EO L EC) BLUERL
DEMRYAH OGN, RERHE - FROTEEMHITAL
hWiehpol: (B4566), 4BPH0BEEETE
HRICRELKGDOENIZL S CoP BHEORH 1T
AT Tk, FiROMEMICHEVEO &£ ECO
ZRBELT 5D, MAZESKEV-DERICL2HES
BHETIERVWELTWS, BES®IE, EO & EC
D25HETHUOHAELITo &R, EOLECO
LNG BL U REC IZBVWTEDFAOLNT, TNERL
LTEO CORUTERICBITAEECHEOLRERED
M—PRLETHHILEEBL TS, T/, ARIZ
BACHSTHEEDHBOBEL ZTTRT L, NyE
RJBLBRBIKRELRHIET, TLAEBHHBO
LHRIE~OFBLIHORE L ) BHIRF RS K
EVWRL I TS, 2% ) EO ICBIT 5 CoP BHEHI
ERICIREL D -EEREPLETHH I LER
LTw3, $EOEO Tk, FiLBELGFICENE
RO ERPLD, ARDPHLIBRDRBREICBVTIX
BALPIZEOICHRTECHFB B L T, EO
TOHlERL, FIRFORKD —FICT 5720, &
SREORBICIBELHIT 2o SOICHEMHD—
BT BNy F7 4 ¥ %% &9 T white-noise
DB EG R 720 TOFRBEREIZLD, BENAT R
ZRABICAIZ 6N/ E X L/ EO & EC @ CoP
WiRIcBU 5 BENMER 2R L BIRP T, EC
OETISREEICRA L XVICELES 5 2 L 2RK
LTw3, $EOKERICBVTY, BESNE - FigL
DREERADP AN R o7/2Z Ed 5, EO L ECIE
FIERLLRFORERB I UAEBRERORELR DS
CiEERIC L D15 CRBRICTRLETS
ERME S iz,

V. & B
REREICBTABNIMORENELEIRL 255
&, B CPENELEHOPCIESRILE (e T2 FL &
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FW ORUC X A EHL) RO BEUTHHLELION
Too ERDOFETH 2 IREOBEISLAL CoP BYIE % E
AMECTIRZAF/ETIE, BAVVICEET 2 HEEE
LR T 2N, B ESLETRET
BILEBEBOFRTESOILBELEZOLND,
RE OB TFRERE IS L CBERENA
YEMT A, ERMAECLI AR EZBEVAILT
BRREDOREEMR - BRI LIFTRTHY,
F-HERECOEMT I LEX LN,

B

- 1) Riach CL, Starkes JL: Velocity of centre of pressure excursions as

an indicator of postural control systems in children. Gait Posture,
1994, 2: 167-172.

2) Hasan SS, Robin DW, Szurkus DC, et al: Simultaneous measure-
ment of body center of pressure and center of gravity during up-
right stance. Part II: Amplitude and frequency data. Gait Posture,
1996, 4: 11-20.

3) williams HG, McClenaghan BA, Dickerson J: Spectral character-
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Abstract

Although circulating brain-derived neurotrophic factor (BDNF)
level is affected by both acute and chronic physical activity, the
interaction of acute and chronic physical activity was still un-
clear. In this study, we compared the serum and plasma BDNF
responses to maximal and submaximal acute exercises between
physically active and sedentary subjects. Eight active and 8
sedentary female subjects participated in the present study. Both
groups performed 3 exercise tests with different intensities, i.e.
100% (maximal), 60% (moderate) and 40% (low) of their peak
oxygen uptake. In each exercise test, blood samples were taken
at the baseline and immediately, 30 and 60 min after the test.
The serum BDNF concentration was found to significantly
increase immediately after maximal and moderate exercise tests
in both groups. In maximal exercise test, the pattern of change in
the serum BDNF concentration was different between the
groups. While the serum BDNF level for the sedentary group
returned to the baseline level during the recovery phase, the
BDNF levels for the active group decreased below the baseline
level after the maximal exercise test. No group differences were
observed in the pattern of plasma BDNF change for all exercise
tests. These findings suggest that regular exercise facilitates the
utilization of circulating BDNF during and/or after acute exer-
cise with maximal intensity.

ey words: Serum BDNF, plasma BDNF, acute exercise.

Introduction

Brain-derived neurotrophic factor (BDNF) is a member of
the neurotrophin family of growth factors. In addition to
its neurotrophic and synaptotrophic actions, such as the
promotion of growth and survival of neurons (Aloe and
Calza, 2004; Thoenen, 1995) and learning and memory
(Ma et al., 1998), BDNF may play important metabotro-
phic roles such as the regulation of food intake (Xu et al.,
2003), glucose and lipid metabolism, and energy homeo-
stasis (Chaldakov, 2011; Nakagawa et al., 2000; Noble et
al., 2011; Tsuchida et al., 2002). BDNF is present in the
nervous system and peripheral tissues, and is also found
in blood (Fujimura et al., 2002; Radka et al., 1996;
Rosenfeld et al., 1995). Chronic treatment with subcuta-
neous BDNF administration significantly decreased food
intake and improved the glucose uptake in skeletal muscle
(Yamanaka et al., 2007) in diabetic mice, and increased
glucose transporter 4 expression in normal mice (Suwa et
al., 2010). In humans, the level of circulating BDNF is
associated with depression (Duman, 2004), Alzheimer's

disease (Tapia-Arancibia et al., 2008), obesity (Suwa et
al., 2006), glucose and lipid metabolism (Levinger et al.,
2008; Suwa et al., 2006), type 2 diabetes mellitus (Suwa
et al., 2006) and metabolic syndrome (Chaldakov et al.,
2004). Although it has been generally accepted that the
neurcirophins act by paracrine or autocrine mechanisms
(Davies, 1996), evidence also indicates that circulating
BDNF may exert endocrine action to reveal or execute
physiologic functioning.

BDNF is present in human serum and plasma, and
is much more concentrated in the serum (Radka et al.,
1996). Because more than 90% of blood BDNF is stored
in the platelets and is released during the clotting process
(Fujimura et al., 2002), serum BDNF seems to reflect
both the platelet-stored BDNF and the freely-circulating
BDNF in the blood, while plasma BDNF seems to reflect
only the freely-circulating BDNF (Lommatzsch et al.,
2005).

Regular exercise is well known to have many
health benefits, including the prevention and improve-
ment of obesity (Wing and Hill, 2001), type 2 diabetes
mellitus (Orozco et al., 2008) and Alzheimer's disease
(Heyn et al., 2004). Several animal studies have shown
that mRNA®"F and BDNF protein levels increase with
acute and chronic voluntary wheel running in the hippo-
campus (Neeper et al., 1996; Gomez-Pinilla et al., 2011),
and improved learning and memory (Vaynman et al.,
2004). In addition, the mRNAP"™ and BDNF protein
expression levels in skeletal muscle have been shown to
be enhanced in response to muscle contraction, which is
associated with enhanced lipid oxidation (Matthews et al.,
2009). Collectively, these results raise the possibility that
BDNF mediates, at least in part, the adaptation to exer-
cise.

There have been several studies examining circu-
lating BDNF responses to acute endurance exercise (Fer-
ris et al., 2007; Gold et al., 2003; Gustafsson et al., 2009;
Matthews et al.,, 2009; Rasmussen et al., 2009; Rojas
Vega et al., 2006; Zoladz et al., 2008). In the majority of
these studies, serum (Ferris et al., 2007; Gold et al., 2003;
Matthews et al., 2009; Rojas Vega et al,, 2006) and
plasma (Gustafsson et al., 2009; Rasmussen et al., 2009)
BDNF levels increased following acute exercise. On the
other hand, we (Nofuji et al., 2008) and Chan et al. (2008)
showed that regular physical activity affected the resting
serum BDNF level. Therefore, it appears that the circulat-
ing BDNF level is affected by both acute and chronic
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physical activity. However, the interaction of acute and
chronic physical activity was still unclear.

Therefore, the aim of this study was to clarify the
effect of chronic physical activity on the circulating
BDNF responses to acute exercise. In the present study,
we simultaneously measured the serum and plasma
BDNF concentrations before and after three exercise tests
with different intensities for the physically active and
sedentary subjects.

Methods

Subjects

Eight physically active and 8 sedentary female Japanese
subjects participated in this study. “Active” was defined
as performing regular sports activities more than 3 times
per week for more than 3 years. The active group in-
cluded distance runners (n = 3), basketball players (n = 3),
and badminton players (n = 2). The sedentary subjects
had not performed any regular exercise for at least 1 year.
All participants were non-smokers, free from any dis-
eases, and not taking any medications. This study was
conducted in accordance with the Declaration of Helsinki,
and approved by the ethics committee of the Institute of
Health Science, Kyushu University, Fukuoka, Japan.
Written informed consent was obtained from all partici-
pants prior to their participation.

Exercise tests

All subjects performed 3 different exercise tests in 3 sepa-
rate days. At Dayl, they performed the graded exercise
test (maximal) to determine their volume of peak oxygen
uptake (VO,peak). After 15 min of seated rest, the sub-
jects started pedaling at 0 W (for the sedentary group) or
30 W (for the active group). The workload was increased
by 30 W in every 4 min until a 4.0 mmol-L™ of blood
lactate level was obtained. After that, the workload was
increased by 15 W in every 1 min until exhaustion. “The
blood for measuring the lactate concentration was ob-
tained from an ear lobe and blood lactate level was meas-
ured using the Lactate Pro instrument (Lactate Pro LT-
1710, ARKRAY, Kyoto, Japan) in every 3 min and im-
mediately afier exercise test.” The heart rate (HR) was
monitored using an electrocardiogram telemetry system
(DS-3140, Fukuda Denshi, Tokyo, Japan). The VO, peak
was defined as the highest VO, obtained during a maxi-
mal exercise test.

Two submaximal exercise tests were conducted at
Day2 or 3 in random order. Trials consisted of a 30-min
cycle ergometry (Monark 828E) at a constant load of 60%
(moderate) or 40% (low) of the subject’s VO,peak, pre-
ceded by a 15 min of seated rest. The HR and VO, were
recorded during each exercise test. '

The subjects were instructed to refrain from heavy
exercise the day before each exercise test. All exercise
tests were conducted at 9:00-10:30 to diminish the effect
of circadian changes in circulating BDNF levels (Piccinni
et al., 2008).

Physical activity level
The daily physical activity level was evaluated with an
accelerometer (Lifecorder, Suzuken Co., Nagoya, Japan).

This device comprises an acceleration sensor, an ampli-
fier, a microprocessor and memory, and was employed to
ensure different physical activity levels between the two
groups. All participants attached the accelerometer for 1
week just before the Dayl.

Anthropometric measurements

Anthropometric measurements were conducted at Dayl.
The percentage of body fat was measured by bioelectrical
impedance analysis device (Tanita, Tokyo, Japan).

Blood collection and biochemical analysis

In each exercise test, blood samples were taken from an
antecubital vein in a sitting position at the baseline time,
and immediately, 30 min and 60 min after the exercise.
The blood samples were drawn into additive-free contain-
ers (serum) or heparinized containers (plasma). After kept
at room temperature for 1 hour, the serum samples were
centrifuged at 2000 x g for 10 min at 4°C. Plasma sam-
ples were immediately centrifuged. Supernatants were
stored at -80°C until the analyses were performed. The
serum and plasma BDNF concentrations were measured
using an enzyme-linked immunoassay (ELISA) kit
(Promega, Madison, WI).

Statistical analysis

The anthropometric measurements and physiological
responses to maximal exercise tests between the active
and sedentary groups were compared using Student’s
unpaired t-test. The comparisons of physical responses
during moderate and low exercise tests in each group and
serum BDNF level at rest between the groups were per-
formed using the paired t-test. The changes in BDNF
responses were assessed by two-way (4 time point x 2
groups) repeated measures analysis of variance
(ANOVA). If an interaction was significant, one-way
ANOVA was performed. A Dunnett’s test was employed
for all post-hoc tests. The alpha-level was set at 0.05.

Results

Characteristics of the subjects

The subject characteristics are summarized in Table 1.
There were no significant differences in any anthropomet-
ric variables between the two groups. The daily physical
activity level was significantly higher in the active group
compared to the sedentary group (p < 0.05).

Table 1. Characteristics of the subjects. The data are ex-
pressed as the means (& SD).

Sedentary Active
Age (years) 22.8(1.9) 21.6 (3.0)
Height (m) 1.59 (.06) 162.9 (6.8)
Weight (kg) 50.8 (6.7) 54.5 (1.5)
Body mass index (szm™) 20.0 2.0) 20.5(1.9)
Body fat (%) 23.6(5.9) 21.8(2.0)
Tetal energy expenditure 7451 (793) 8749 (842)**
(kJ-day™)
Moving-related energy 1115 (379) 1970 (640)**
expenditure (kJ-day™)
Step count (steps-day™) 10890 (2950) 14961 (4188)*

*p<005, ** p<0.01
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Table 2. Physical parameters at the end of the low and moderate exercise tests. The data are expressed as the means (& SD).

Low exercise Moderate exercise
Sedentary Active Sedentary Active
VO, (mlkg min")  10.8 2.6)* 14.7 (2.4)* 20.0 (4.4) 22.9 (2.7)
%V0, (%) 30.8(5.6)*  352(8.0)* 58.4 (8.9) 54,8 (5.1
Heart rate (bpm) 99 (12)* 100 (13)* 141 (16) 130 (14)
Workload (W) 39 (11)* 66 (8)* 77(16) 107 (12)

* Significantly different from the moderate exercise (p < 0.05)
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Figurel. Level of serum BDNF concentrations before maxi-
mal (A), moderate (B), or low (C) exercise tests (baseline),
immediately after (P0), 30 min after (P30), and 60 min after
(P60) the exercise session. The data are expressed as the
means & SD. * p <0.05 vs. baseline. The changes in BDNF responses
for the groups were assessed by two-way repeated ANOVA. As an
interaction and main effect of time were significant, one-way ANOVA
followed by a Dunnett’s post-hoc test was performed.

Physical parameters in the exercise test

The VO,peak and workload at the end of maximal exer-
cise in the active group (42.3 + 4.5 mlkg'-min™, 199 +
16 W, respectively) was significantly higher than that in

the sedentary group (34.7 + 4.0 ml'kg"-min”, 147 + 16
W, respectively, < 0.01). There were no significant differ-
ences in the HR (Sedentary 183 + 5 bpm, Active 179 + 12
bpm, p = 0.45) and blood lactate level (Sedentary 9.6 +

0.8 mmol-L", Active 8.6 + 1.4 mmol-L", p = 0.14) be-

tween the groups at the end of the maximal exercise test.
Table 2 shows the physical parameters for two submaxi-
mal exercise tests. All parameters were significantly
higher at the moderate exercise test than at the low exer-
cise test. There was no group difference in the average
BDNF level at rest (Sedentary; 11.9 ng-ml”, Active; 12.5
ng-mi”, p = 0.49).

Change in the serum BDNF concentration
For the maximal exercise test, a two-way ANOVA for
repeated measures on serum BDNF levels revealed
significant interactions of the factors (F(3, 42) =7 .01, p <
0.01). A subsequent one-way ANOVA for repeated
measures revealed a significant effect of time (F(3, 45) =
24.8, p < 0.01). The serum BDNF concentrations signifi-
cantly increased immediately after the maximal exercise
test in both groups (Sedentary; +30% p < 0.01, Active;
+11% p < 0.01 vs. baseline, Figure 1A). While BDNF
levels in the sedentary group returned to the baseline level
during the recovery phase (30 min; +12% p = 0.06, 60
min; +4% p = 0.80, Figure 1A), the BDNF levels in the
active group decreased below the baseline level (30 min; -
15% p < 0.01, 60 min; -25% p < 0.01 vs. baseline, Figure
1A). ‘

For the moderate exercise, neither interactions
(F(3, 42) = 0.68, p = 0.57) nor the effect of groups (F(1,
14) = 0.86, p = 0.37) on the BDNF response was ob-
served, although the effect of time was significant (F(3,
42)=18.7, p < 0.01). The serum BDNF concentrations in
both groups increased immediately after the exercise tests
(+16%, p < 0.01 vs. baseline, Figure 1B) and returned to
the baseline level during the recovery phase (30 min; -2%
p = 0.84, 60 min; -2% p = 0.94 vs. baseline, Figure 1B).

The low exercise did not affect the BDNF concen-
tration in either group (time x group; F(3, 42) = 1.19, p =
0.33, time; F(3, 42) = 1.17 p = 0.33, group; F(1, 14) =
4.06 p = 0.06, Figure 1C).

Change in the plasma BDNF concentration

For the maximal and moderate exercise test, interactions
(F(3, 42) = 1.85, p = 0.15, F(3, 42) = 1.19, p = 0.33, re-
spectively) nor the effect of groups (F(1, 14) = 1.40, p =
0.26, F(1, 14) = 0.67, p = 0.43, respectively) on the
plasma BDNF response were detected. Although the
effect of time were significant (F(3, 42) = 4.24, p=0.01,
F(3, 42) = 5.40, p < 0.01, respectively), a subsequent
Dunnett’s post-hoc test showed no significant difference
in plasma BDNF between baseline and each time point
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(maximal; Omin +33% p = 0.10, 30min +10% p = 0.87,
60min -9% p = 0.89 vs. baseline, Figure 2A, moderate;
Omin +11% p = 0.58, 30min -11% p = 0.59, 60min -19%
p = 0.17 vs. baseline, Figure 2B).

No interaction (F(3, 42) = 0.65, p = 0.59) or main
effects (time; F(3, 42) = 0.77, p = 0.52, group; F(1, 14) =
0.03, p = 0.86, Figure 2C) were found in the low exercise.
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Figure 2. Level of plasma BDNF concentrations before
maximal (A), moderate (B), or low (C) exercise tests (base-
line), immediately after (P0), 30 min after (P30), and 60 min
after (P60) the exercise session. The data are expressed as
the means + SD.

Discussion

We investigated the differences in the serum and plasma
BDNF responses to acute maximal and submaximal exer-
cises between the active and sedentary subjects. One of
the novel findings of the present study was that the serum
BDNF responses to maximal exercise were different be-

tween active and sedentary subjects. Especially, serum
BDNF levels in the active group decreased below the
baseline level during the recovery phase, while it was not
the case in the sedentary group. A possible mechanism for
this excessive reduction of serum BDNF in the active
group is an enhanced utilization mediated by the upregu-
lation of BDNF TrkB (tyrosine protein kinase) receptor in
the peripheral tissues. Previous studies demonstrated that
physical training increased the expression of TrkB in the
spinal cord (Skup et al., 2000), brain (Widenfalk et al.,
1999) and soleus muscle (Gémez-Pinilla et al.,-2002) in
rats. Although the physiological significance of the de-
creases in BDNF afier exercise remains unknown, one of
the possible roles of BDNF utilization is the repair of
exercise-induced muscle damage. Ninety percent of circu-
lating BDNF is stored in the platelets, where are also
epidermal growth factor (EGF) (Oka and Orth, 1983),
vascular endothelial growth factor (VEGF) (Tischer et al.,
1989), and platelet-derived growth factor (PDGF) (Anto-
niades et al. 1979), all of which play a role in wound
healing. In the current and previous studies (Ferris et al.,
2007; Rojas Vega et al., 2006), serum BDNF increased
with moderate- to high-intensity exercise, which has been
shown to induce muscle damage (Kuipers, 1994). There-
fore, it is possible that the increased BDNF during exer-
cise contributes to the repair of skeletal muscle damaged.
Although there are no direct reports demonstrating that
circulating BDNF acts in the repair of exercise-induced
muscle damage, BDNF treatment suppressed the release
of creatine kinase and prostaglandin E2, which are com-

~mon indicators of muscle cell damage in the rat muscle

exposed to oxidative stress in vivo (Lian et al., 1998).
Furthermore, the delayed regeneration of muscle fibers
after injury was observed in muscle-specific BDNF
knockout mice, suggesting that BDNF plays an important
role in the regeneration of muscle fibers (Clow and Jas-
min, 2010). Based on the potential wound-healing func-
tions of BDNF, it is proposed that the utilization of serum
BDNF during exercise may help muscle regeneration
following exercise-induced damage and that the active
group may have adapted to utilize circulating BDNF for
the promotion of muscle repair.

Conclusion

In conclusion, the circulating BDNF responses to acute
maximal exercise were different between active and sed-
entary groups. While serum BDNF levels in the sedentary
group returned to the baseline level during the recovery
phase, the BDNF levels in the active group decreased
below the baseline level afier high-intensity exercise.
These results raise the possibility that regular exercise
facilitates the utilization of circulating BDNF after acute
exercise with maximal intensity. Limitations of this study
were the small sample size. Additional studies with large
sample size are called for. Likewise, further studies
should clarify the mechanisms and physiological signifi-
cance of the exercise-induced responses to circulating
BDNF.
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