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The relation of body composition to muscle strength and aerobic capacity in

male students
Koji TanicucHl, Ichiji SEINO, and Hidetoshi KONARI.

Abstract

It is generally stated that Japanese young persons are becoming feeble in muscle strength because of lack of
exercise. The development of muscle strength is caused by the increase of muscle mass. The questions arise:
Does lack of exercise in adlescence decrease muscle mass? As to VOsmax and PWCy7 which are the most
valid indices of physical fitness, what numerical value do they take? To investigate the above—mentioned, body
composition, back strength, VO, max and PWCj70 were measured in 94 male students (mean age: 18.6 ). The re-
sults obtained were as follows:

1) Subjects were divided into two groups by their exercise experiences: exercise group and non—exercise
group. There were no significant differences except items of aerobic capacity between two groups.

2) Exercise group was better than non—exercise group about aerobic capacity (P <0.05).

3) The correlation between LBM and back strength in exercise group was found to be 0.447 (p <0.01).

4) The correlation between LBM and VO, max in exercise group was found to be 0.600, and in non—exercise
group to be 0.470 (p <0.01).

5) The correlation between LBM and PWCi7o in exercise group was found to be 0.603, and in non—exercise
group to be 0.435 (p <0.01).

6 ) Subjects were divided into three groups on percentile Fat: under 33.3% group, 33.3% —66.6% group and
over 66.6% group. Among three groups, back strength per 1 kg of body weight and back strength per 1
kg of LBM were compared.

In regard to only back strength per 1 kg of dody weight, over 66.6% group was inferior (p <0.05).

From these results, the conclusion seems to be able to be drawn that exercise in adlescence improves muscle
in quality and contributes to the developments of muscle mass and muscle strength, but in a statistic point of
view it cannot be asserted that it is right, because we could recognize the significant difference only in aerobic
capacity. In regard to the decrease in muscle strength, our data did not indicate that the lack of exercise
caused muscle mass to decrease. But we may conclude that decrease in muscle mass in reverse proportion to

increase in body fat storage weakens muscle strength.
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19704 % 72 5 MERE O DE IR CTHEDEDORNIZ OV T, ABIE R E k> TETW D,
WHDPEIE o THE T AL w) S EHHBEE SN TETW D, EAY R THERETR%
1o UET) - EBRE DR E ) 2 1964E 0 S 1975120V THIT L, KA ek e LTt
WAHY, WHHERLE LEGHAZRSET LTV L v AHREOTEL 2 L7, EAYIC
L5 L, HHNOBRTHIEVEORNOL EAERERLTVELDTH N, HFVEOLBOE[L
M DHEINAE, ORI ) Th {, KINOWHEIKEDIK TS, AMKOMEE CIzad v,

Bk, W OREIIE, BHOBEIEHRE OB A XA EKA—FIICEE L, BRI
EY AL INBEERYIC, HNELRET LBIENAE (Lean Body Mass) 72+ 2 & wbh
TwaY, Lirl, ZOBICZRES L VO IFEBNTHS ) AHEHT L 2 5HA < SR
TV20W, REOFVENELALTVALBRTRZVES S », BRAREICOWTIX, 4E
Lkgd 720 o “FIEFTEOHM”, “BRIEHAREORAL" #8HE L2 ETHELH 5%, EAYD
B L 2 HLVEOHNOBRTHEIZOWT, HHFEELREST 2 EEEHEONLIZ L LHHD
KIGE - HRBOHLE LTELZLONDLDES S By

X, hANEREMIZE L2 D58, ABERNICERT LI EAROEDLHEL sh, Al
FRET I — MR KRR I X 5 Tl s hCv bY, BABEEIUR X All-OUT B’
FEMEZWET 20O TH D, L L, RAKAFSEESHBEICSE KL ER 5L D1012,
BRTRAMHTED O RAMEEIE 2 HET L AT RS TwsY 97 i BATEN
R L LT, RRREFEEIE L &R O & 5 Physical Working Capacity 170 Test A37E
Hen, EBGLZEST A MEBE LTRASATVY, KETH, kMY R#EH - #1090
WED R SNT 0D, KIOREN LITRICLE L 2 N5 RKRAFBRFERE - PWC 17013, LBM
LEEHOEBRRICEBEINDZLDOTH S ) b,

AHFEOBIE, KFAELYWERE & L THFVEORNETOBERE SN HIET £, Sha
WiEEHCTHREOMA L LTIRA A2 EMTE LY, FEIZ, BEMOESH LBM - 557 -
AR OREIZFEG L2 lB 2 L1 5,

Vil =

(1) #eEgE

BB IMIFI60E 4 A, BEWTERFICAFE LB FHAEMULTH D, WERE OERIZISH
L2272, FIERIZIS.6TH 5 770
(2) WEHEH

WEHH &, & -« RE - %Fat - LBM - Physical Working Capacity 170 (UT1341704985 0 &
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RVEZERE, LT PWCi0 & B) + Maximal Oxygen Intake (B KEEFEIBEE, LLF VO, max & BE) -
BN TH b,

1) &E-#E

HE - REGEFOHEDICEY, WELL, REICOVTIE, FROKETHEL 2720
FHHTENT, HBREOKIROER % FH0.5kg GE L, HEBEORELRILL 72,

2) %Fat - LBM

e b O RIEIINY & BRIRIER ISR E 2SO L, 2 O AR I 2 ke 2 SR
4%, Behnke ef al.'? 12X o THET S hTwab, %Fat (KFEHEEE) - Adipose Tissue Mass (f&
fAeffit) - LBM (RBRRAAE) % A C, EMFIHEEEE - OIS CHIES 2 S hTwn Y,
%Fat 1EHBF L TIRIHEENY 2 v <, A LB K AR T8 T E0 2 #0608 T RIS &
L, B 0lEEREE A AR L D EEEE 2 RD, 5512, Brozek et al'¥ D19634E 0
YEAAS %Fat 2HEE L7z, LBM BKREL SEREHEZ5 Wk 72,

3) PWCiz * VOz max

BHEREWIZE D ZDHE, BROAMRIFEL S8 ANE RCEHT S PWCirnk
VO max 1&, PWC — MAX #llE8F (FrHmas LMK SR 2 v Cille L7z, ARzt
$19 Iso Power Erogometer ¥ i/ L, ZEMAMZEICKY, SHEMEEM% 353008 L, &FF
1053308 & L 7=, SEB P o L8R WEREEE ClE L, B TR0 o F3g.04m 5
RAMBEOREICRAL Twa, BFBREREHELH1IRT, 28, *¥) v 7OEEEE
%60 rpm & U720 PWCiroidi/NEREIC L BEYRR A5, VOsmax i Astrand V12X DHEE S
NTWA, PWCir DIEIC I, HHE'Y 0RO X 5 IHEE O GRIREICRE T 52 LE) S
BA5, AN HEERE HIE HETH R OY B OREREFRE - A3 - BES IO v TR 2R I3 S 2
Lol

4) N
EHmhEEoFEYICEY 2 EHEEET, RERO RVEE R R L. HRE IR
NxFEERIE, EHAEMmeED, B, Ly, ESERcsHRT,2505b0TH5
T, S50, BUHHOMECROELEN DL L LY ORIBIC LA b0 TH D,

P IXBEFI604E 5 3 2> S I 6 A U213 T, ERMEHR &R L THT - 720

& e

1) &kiz2onT
WERE O B R O EM Y £ 1 I0RT. 48 - AERFEEROSEMY LR ons
Motre LHEISE LB RETEHORREME, SEED LT, ERSBTEIRS T,
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Table 1. Physical characteristics and measurements of subjects. N =94

Height ) Weight ) % Fat %) LBM Gy VOumax (1) PWCyow) SAK
M 170.7 62.3 18.6 50.3 2.63 142.8 111.2
SD 5.55 8.86 5.94 5.54 0.609 34.77 29.38

BFat AV BEHERIT K HEMARE D, ZOHBICREEYET 250 Th b, 20T,
AEACZRET ORRRIC L), SIS S 0TI v TR A5, KL 7,
%Fat 1220 Tis, 'Y, HE OBE L7 wFat L ) b HEIC SV EE R L 255, B
DEKIEB L~ & VO; max DBIF & HA7 M2 4542 U 1 12 AT 5
Nt ofo FHTB2% D HMRIHYET 5 & shz LBMP 1, HE™, 0152 off e —
®L7,

VO max BHEAD D B 1 L EFEO R S 21250, L, SRR - IR
BHSRE® R KRBT B & S AhE 1 kgd 720 © VO, max, LBM 1kg®H 720 D VO, max'® 12,
%%42.3+8.32m8/kg, 52.149.67ml/kg T - 7=o BE1kgd 720 D VO, max 122V T, Cum-
ming et al.?, AU DRREIC X AR ABHOE £ LWKEER40~50ml/ kg & 5 &, AbiEk

236



BB EHK L 57 - FERFREIIO T

FBDLW%DOEDERBAKIEIEL TRV L2k b, PWCpofiid, HHY, BEHEY offs —
L7 (kpm % watt (HRE L CHE), BHHEEEMED X0 HBIENETSH 5 208, AV
DR L - KF 1 EAOEHIIETHEA, =512, Kitagawa and Miyashita® O3R&E#115.4+
17.7kg & —3 L, AHEREOEHIEE N2 RFEOEHNEEREL VLD EE LS
ns,

(2) HEYEE & IEHBIC OV T

BRPOEH A ELEORERECHEET LD OOEE L, PR BB LB T
BL7#HE, FBLAY-7-8E 0 bEBRIIS o200 FHIL, HEREICHSE - SHEEO
EEEATE OF M A BRI L, W 2 mEE, JREEIC . FO/REEE 2 ITRT,

Table 2. Physical characteristics and measurements of subjects grouped by their
exercise experiences.

Height (m) Weight (k) % Fat (%)  LBM () VOsmax (z) PWCyz0 (W) SBﬁ’Ce];gth (o)

Exercise M 171.1 62.5 17.7 51.0 2.75 150.6 112.6
group N=52 SD 5.68 9.05 5.65 5.63 0.686 39.28 28.03
Non-exercise M 170.1 62.0 19.7 49.5 2.47 133.1 109.5
group N=42 SD 5.39 8.73 6.18 5.37 0.460% 25.48% 30.89

% shows the significance at P <0.05.

EBRED %Fat 13, 19MOBFEKEEE 2 B & L2 HEY oMiEE L 0AFEES RO
¥, EEEEO %Fat & LTIREWETH - 720 Zhid, KEEREISESE 2N -0, Hirv
FTLRHIERALTWD L, N, SBEFORECLLEEbhs, L L, FEEBIE I
B LT %Fat W EHA 2R L, BEEEPTERIC L VEWVETH -2 e 2 TS5, I,
FEBENBE O %Fat ffid, EBYE & ABORBRERL 72,

BEIFEO LBM B OMEH L KB L T/hX e #EZ 5N b, 2, FEB#EO LBM fi 1k
HNE2 D4 9 —EFOMEY 5 %KETHEL, X, FEBEFOME—HT200H0"Y
B Rn, VI EARTHORONSI EICL D, JHEEIEEO LBM (2o T, JEBEEAR
T h o725, FEEOBEmERL 7,

HBFRNDERTEHBEII O T, B, JFEEREHICS B KETHFEES O, VO,
max GIOHE 2 LT, HEEORONE D52 2 D s Lfkr L Clu T
Hotzo KE1kgdH720, LBM 1kgdH 720 D VO max 122 W T HRAIKEDIERTH 5 725 PWCiro
ftiik, EHHECREVETH VD, BB CE T HMEY D@D L2 RETES RS
n7z,

Wz oW, BB, JEEBHMICELHH LD ETFRLLY, AEEIROW LD 5
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Table 3. Correlation matrix (r X 1000)

(1) % Fat

103 .
(2)LBM 67 above colume; exercise group.

EES under colume; non-exercise group.
V0 max | 58 890
-312% 178 8377 *

(4) VOsmax/W B35 130 743%0%

957%%  gp7X 210 -246%
(5)ATM 963%F  204% 28 5ag%*

34 192 899F % ggpH 90
(6) VO,max/LBM 197 -159 789%F  gog¥E  _ga3g
(7) PWC 48 603%% 980%™ ga0¥* 192 871%*

17 -153 4357%  9g0*F 757 62 7957
(8)B-S -47 447%% g6 -118 54 -152 111
17 210 186 50 40 61 116

(9) LBM/H 127 960%*  g32%%  gog* 331% 249 6367 4o5%*

130 962%%  430%*  -161 342%  -185 399%* 170

(1) (2) (3) (4) (5) (6) (7) (8) 9)

X and X % show the significance at P <0.05 and P <0.01, respectively.

£ 312, BB L IEEBIBEIC ST 72 %Fat - LBM » VO, max + VOo max /8% - ATM (EHSHS

#) VO max /LBM * PWCi7 - BS (%5 5)

MOE A2\ TOMBEEREERT.

Z

=

"LBM/ &K (BORELLRTIEEE Sh5)

THSHEE RS BRI ST, 48713 EMEE R AL L L LD 7 >
NGV ADBBBIK ChBE L, AEEHCAFRAOSHE TN, LRLER OB
BB OSBRI A O & 100 L 720 e iSERE AEHR O (L & 2 B B R 0 D S

BLEDTE - FZIIRITTHE

LLHARDBPICEBDO T v FRL, KFE1FELHEE L LT, AREERE

EREAND LR, FMAZEOMES BFAEFOESE Y EREILL
AN L, S, EFREELEAOKREEIEF KIS T A Z L BRI THLI LD D,
BLubnltEX, ZO X 5&@337)’ %, Sandler ® bed rest study, FHRITTOE® K
bNA LS IZ, MEEIEE) % R L 22 RETOEROELASTNO N TEB Y, HROHERIEOE
TRBHAOEM - BEEHIC L A BRENRE STV,
FHEER, HLPEORNETORREZ 2 SNAHIETS, HhikEr BT EggEo R

D B A7z, W E LBM, VOzmax » PWCirok LBM 1240 TEE4 5,
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(1) HFHHL LBM

Table 4. Correlation coefficients between each body dimension and Back Strength.

Height Weight % Fat LBM ATM
Kitagawa'® 0.184 0.370% 0.078 0.528%% 0.177
Exercise x _ %
Present aroup 0.285 0.312 0.047 0.447 0.054
Non-exercise
study aroup 0.220 0.155 0.017 0.210 0.040

* and % ¥ show the significance at P <0.05 and P <0.01, respectively.

F A&, BHHLRBEROGHMBEEOMBREELRL T b, IR OERFFEOHERILI,
HifiJ) & LBM & OMBIATE <, LBM DR & WEPRS WERHN & RES 2 H2 2 & 2 E
BRLTWwWa, RIFFEoEshEE LT, IREEBEICILL T, 4.5 <, LBM e EHIEICE
BLMES ROz, WEMICLBM 8 - FHIETESRONEZ o722 L3, HIREORH
IS0 TR, EHRRICK s GEZHOBEMLMEIC W THERLATRE RS2 0nwEE
AbNhb,

Table5. Back Strengths per kg of Body Weight and LBM.

under 33.3 percentile 33.3—66.6 percentile over 66.6 percentile
n 32 30 32
% Fat 13.2+1.2 17.3%+1.6 25.2£5.0
Back Strength/B.W 1.908+0.426 1.88710.409 1.621£0.516*
Back Strength/LBM 2.196+0.485 2.28210.495 2.172+0.699

Values are mean + S.D.
% shows the significance at P <0.05.

 WERE % %Fat 12D\ T, 33.3 percentile, 66.6 percentile T 3 #2450 F, KIEH=E D/ - -
ROZHTORE1kgH720) - LBM 1kgh /oD OEHIEHBE L2 DRSS ITRTHEL kg
b7 DERFITIE, 5 %KIETE6.6 percentile & ) K& LEAL 5 72, L)1 1k, LBM &1k
HlkgdH7o ) OB %Fat DEWENE L L L72h, BPEEBREOKERTIEI LBM IZ2WT
SEMICARERIROW D 570, BMEREIAENIREVLZTFTRILBM bREVE SN
213 g3 2’-‘#&5%%‘@*%/5\, FOIWCRON D X ) 1266.6 percentile & K & WEEAS, 33.3 percen-
tile ~66.6 percentile HE L N &, LBMICOWTHEBEER L o/ EWETH 572, 2D L
B, NP ORRE B Lo BB EEZONS, X, BEICOWTY, IO %Fat OF
WEE, RBEREOZNL D BR10kgE D 5 72,

KT, EEAENL (BEBREOKE MRHEAE X100)% & %Fat HALT, ZOW ;25
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Table 6. Comparison of LBM and Back Strength of three classes divided with % Fat

under 33.3 percentile 33.3—66.6 percentile over 66.6 percentile
LBM 49.2+6.05 52.0+5.73 49.8+4.53
Back Strength 108.3+27.78 118.6+27.15 107.2+£31.99

Values are mean * S.D.

WOREEFETEL LI LbDOTH D, HEEAKED S M & HE S h$, %Fat 75 ik
CEHIEY AN EDI% VI, EEEE, BELRABOER BT, X, hEAEIER
BEOMMHREEREIRBENL & LAWED bH ), FAOEIIoWTRED S 1300
KEET N2 WHRIEBRZOENHEEI TWAD TR VA EFHEL TV, E#BEAENIZH D A
SR E RS OFVEONA NP SOMEHMEL LTru—X -7 » 7ERTLHHD
EEZBR T, EEF G, KBHEOEIMNIC X B384 LBM 0 2FLEOEHHIET O
FRELTRWEEZTWVD,

Table 7. Distribution of the degree of obesity from the viewpoints of % Weight and % Fat.

%W eight non—obesity obesity
%Fat ~89 90~99 100~109 110~119 120~129 130~
4 10 6
%’ ~ 2 7 1 1
2 14.9 6 17 7 1
O
él&O 4 7 5 1
= ~ 1 5 4 2 2
19.9 1 9 11 7 2 1
20.0 1 4 4
~ 1 6 1 2
24.9 2 10 5 2
>| 25.0 2 1 1
2l -~ 1 1 1
3 29.9 1 3 2 1
30.0 1 1
~ 1 1 2
1 2 3

above column; numbers of exercise group.
middle coumn; numbers of non-exercise group.
under column;numbers of all subjects.

(2) VOZ max ° PWC170<E LBM
HEEHRES) 77T VO, max - PWC1o DRI RAE IR, HMEEFOMATE 2 & 25 % b &
NT VDY IHEIE KB RIZ BT, 5 % KiET VO max + PWC oA BB B CHEN <

240



BAFEEO BRI L 57 - FRRERIICOWT

Wico ABEERNICM L=V VIR IE S ThBHDEEZ NS,

Table 8. Comparison of aerobic capacity of three classes divided with % Fat.

I under 33.3 percentile [133.3—66.6 percentile [over 66.6 percentile

VOznar/ W 46.4+8.08 41.8+6.84 38.8+8.23 I-1*
VOzmax/LBM 54.0%9.41 50.5%8.43 51.8£10.93 I —Mm**
PWCi70/W 2.55%0.473 2.09%0.498 2.29%0.410

PWC,70/LBM 2.93+0.548 2.79%0.623 2.76£0.500

Values are mean * S.D.
¥ and %X show the significance at P <0.05and P <0.01, respctively.

Wﬁlm%th-WM1@%t@@V%mwﬁ@%ﬁ%%%ﬁ%ﬁ?%@k&é:t,é%
W, EBEEF L AL OBUSPEE SR TVEY, U, hE1kghH720) - LBM Lkgd 72 )0
PWCi70 % IR IE IR RHERE % FFMI T 210 L 2 A 2 L MBS R T V™, (kB 1kgdh 7D -
LBM 1kgd 720 @ VOz max * PWCi70ll D\ C, %Fat T3 IO T THE L7, LBM 1kgd 7=
D Tl VOz max * PWCiood CABEE IR ONT, NP ORREEFMLTH 70 X, PWCir/
WMﬁu%Emt—ﬁLto%El@&tb@V@mu-mmmfm,%3mmmm;b¢-
SOHSABRICE C, BHEIAEICEC L LAY OB R EETR 720 LA LEHFD,
ABFFE L AL ORI, HFE & FEELEZWEBRE L LFRICBWT, ETRIOL 2 g
FABBENIZOWTOAFRTH L & LI/NFED 3D oeh L FE L 2w,

MNL—= Y 7R EAZEEGETF & A D VO, max & LBM D BIMR % H~7240)1% 1%, —fA
THEBEOMBEAE <, —#ATLBM #° VO, max DBERTF & %5 2 L 285 L4, AR
RTREBORRE % 5 72, VOp max - PWCipo & LBM Bl 1, EBhEE - Jp@spBIc K4, =
0.600, r =0.630- r =0.470, r =0.435D A& - 7= (P <0.01), EEEF D VO, max &
LBM HOME2ME VD, PL— =2 7K o THORBHEEDZE D, AVEICEL L2 &,
8512, MRFERAREOLENRTH L LMHEOMINAE X 5TV 225, I o)
Bz b, PWCirk LBM BIOMZRL &0 T, 40K EEL L,

= %

BLEOHNETES - BEMOBRTRI LB HHEORSITL - TR LD EEL N5
7, X, RN OBERMHIREEL S5 VOzmax * PWC1ld &9 THHMIZonT, K%E14E4E%
BB & L CHARMLA - 4577+ VOu max - PWC1o % M5 L, KOEE 4875

1) - BREEOEEIRERIC X 0 SEEIRE - JHEEBEIC T TR L AR, AEERAE BT

THEEBRVWTAEERROW 2D 5 72,
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2) EBEESERERNLRTEHE CEA TV (P <0.05),

3) EBEETLBM L EHIMIC r =0.447 (P <0.01) OMEDH - 72,

4) EEhEE - FEEENEE T LBM & VO, max + PWCy7fi2 r =0.600, r =0.603 - r =0.470, r
=0.435 (P <0.01) DHEHH - 72,

5 &2HER#E % %Fat I22 T, 33.3 percentile, 66.6 percentile T 3 BEIZSMF, HKE 1 kgd 7=
D +LBM lkgdb7- D OBEH BT S L, 1.908+0.426, 1.887+0.409, 1.6214+0.516 -
2.196+0.485, 2.282%0.495, 2.1724£0.699¢ % 0, KE1kgdH 72 ) OWHF N2 TOH
%Fat DEWENE 572, (P <0.05),

DEnZehs, BEAOESIHAL BRI LS L, HRE - HiHORZIIEFS L
RZLEADLELY, AEEIRONT, ABEERNICZO ML —= v V3R IFE-T0DH T L,
S5, LBMAHBRERNEBRETH I LR N, X, HHETIZoOWTIZEEBAR R
LB & LTI T & 2 b o 7285, KRIRHERINIC X 2 A A A& A5 KT
FRLTVDLZ EIRBE SN,

KRR OWERE & L TSIV 72 W e AR HERR LT T,
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