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Basal Metabolic Rates of Male Athletes studied
in reference to Body Composition

Osamu KASHIMURA

(Department of Physical Education,
Shinshu Honan Women’ s Junior College, Nagano,
Department of Environmental Physiology,
Shinshu University School of Medicine, Nagano)

Abstract

In male athletes, the basal metabolic rates (BMR) were estimated considering the

body composition.

The subjects were 106 college physical education students.

The results obtained were as follows:

1) The per-cent of body fats in the athletes ranged from 8.4 to 21. 2 %.
2) The experimental BMR values were higher than the estimated values on the

Welfare Ministry reports. Coefficients of variations between the experimental and the
estimated BMR (deviation of BMR) existed within the range of 8. 8 to 10. 1 %.

3) A multiple correlation was significantly found between the experimental
BMR and the two independent variables (body weight and per-cent of fat).

4) A multiple correlation was significantly found between the deviation of BMR

and the two independent variables (body weight and per-cent of fat).
5) The corrected BMR values on the present study ranged from 7. 7 to 8. 5 9. The
results further comfirmed the BMR of individual athletes with the corrected equations.

Key words : Basal metabolic rate, Body composition, Male athlete
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Table 1 Characteristics of athletes.

Groups Age(yr) Weight(kg) ESA(mZ) LBM(kg) %Fat(%)
Baseball 20.0£0.3 65.65+6.68 1.76+£0.10 60.23+5.86 11.08+0.53
Wrestling 20.0«0.2 62.84+7.98 1.64+0.13 56.26+7.02 10.43+1.23
Boxing 19.3+1.0 57.87+4.05 1.60£0.07 51.90+3.41 10.28x1.45
T-Tennis 18.4+0.5 61.45+5.91 1.66+£0.09 51.49+5.37 12.23x1.21
Sumo 20.0+0.2 80.91+9.49 1.90z0.11 68.02+7.35 15.77+3.22
Rugby 18.4+0.5 70.60+6.93 1.78+0.11 61.73+5.47 12.47x2.58
Total 19.4x0.5 68.76+10.25 1.75+0.14 59.75x8.15 12.41+2.84

BSA:Body surface area, LBM:Lean body mass, T-Tennis:Table tennis

Data are shown as meanzS.D..
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Table 2 Experimental BMR and estimated BMR on the report
of Welfare Ministry in athletes.

Deviation C.V.

Experiment
Standard (/weight)

Standard x 1.04
(/weight)
Standard (/BSA)

Correction

1699.24252.7""

1767.2+262.8

1632.0£132.1"

* %
1661.0+£245.5

1744.6+£208.7

45.4+171.0 10.1
-22.6x177.0 10.0

¥*

112.6+143.2 8.8

83.6+166.7 10.0

Data are shown as mean = S.D.

(kcal/d).

Deviation: Experimental BMR minus estimated BMR (kcal/d).

C.V.: Coefficient of variation on the deviation (%).

BSA: Body surface area.

** p<0.01 compared with the experimental BMR.
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Fig.1 Relationship between the body
weight and the basal metabolic rate in
athletes.
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Fig.2 Multiple correlation between the

basal metabolic rate and body weight
or per-cent of body fat in athletes.
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Fig.3 Relationship between the per-cent of
lean body mass and the deviation of

experimental BMR minus standard
BMR in athletes.
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Fig.4 Multiple correlation between the
deviation of experimental BMR minus
standard BMR and body weight or
per-cent of body fat in athletes.
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Table 3 Experimental BMR and estimated BMR in athletes.

BMR Deviation C.V.
Experiment 1744.6+208.7
Experiment - LBM 1744.3x£146.2 0.3+£148.9 8.5
Experiment - BW or %Fat| 1752.0+219.1 -7.4+146.0 8.3
Deviation - LBM 1746.7+£170.5 -2.1+£143.7 8.2
deviation - BW 1744.6£155.1 0£135.1 7.7
Deviation - BW or %Fat 1744.7£159.5 -0.1x£130.4 7.5

Data are shown as mean = S.D. (kcal/d).

Deviation: Experimental BMR minus estimated BMR (kcal/d).

C.V.:

Coefficient of variation on the deviation (%).

BW: Body weight (kg), LBM: Lean body mass (kg).
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Table 1. Characteristics of subject groups.

Groups Age Height Weight
(yrs) (em) (kg)
T B (pre-test) 6.24+0.28 112.3+5.02 18.9%3.25
(post-test) 112.8+4.95 19.3+3.18
T G (pre-test) 6.1+0.26 113.1+4.18 20.7+3.67
(post-test) 113.5+3.97 20.8%£3.72
C B (pre-test) 6.1*+0.32 111.4%£3.36 18.1+2.11
(post-test) 111.8+3.36 18.4%2.37
C G (pre-test) 6.1+0.27 113.0%3.40 19.5%2.45
(post-test) 113.7+3.41 19.7+2.43
e DLl —BHBCAT YK 2, BEOKEE L IR LT,

EENMTCHEEEA b Ao - TRLCERTE S
oL, v —=v 7B ERERI624E10
BlIsH»511A14A s co—r Atk s, U
— = v 7 EEI3E, BE—EC2 &304 TH
D, BEFEEMCIREL BT —F v R
THRI0RE D H11HF304 £ CTORMICEMR L 7o, —
75, 2y b - ARTEE CREEREE v —
FRETERS 2 LoD uETad -0, B
SEIOESIEMF TR —FRE T OEE XD
AR WXSBEE L, UL, HHEESKEH
ANTITHE, Bl Lixh-7cb o0l 4
EWVWH T ELBD, N hEIIREALBEED
BE I Thhich - i,
3. PL—ZrIUROHE

P —= Vv ZETRICERLT 2 FEER, £
BR¥xv s -RBENEMEESO 74 -1 F T
A4 EE (LUBLLISCY -RIEREE D 2
7Y rE - BRIGK) &, BEHT A P 1HEE
THh, —EIHOFT A+ LAk, pre-test &
%) (HIEFI624E10A13H, ZEIBD 7 & + (B,
post-test & 4 %) XBEAG2EIIHI6H wEHE L
2o

& R

1. PL—ZJHIEOT R MEDLLE
P - = v ZRTIRICEE L e 7 A HER O
EHLIEHRIREE, BIVEEERELLLDOELE?

FL—=vIsBTBE TGRITXTOEHD
TEHE 3\ T post-test DA AR L 7, —H,
avie— AT CBoRERZ L, CG it
B OIEE T pre-test DB L h L HERT
Hote, T, HEITRDE LY — =V S
TB3KEME O - D7/ 7 « BRIGHE - BE
Ho4BECEERALE bR, TG TRe s
F I BRICKO 2IHETAbR, PLr—=
VBB TICEEREERERE N R LRI DI,
TV rE - BRICKO 2EETH -, 2V b
r— VECHRETICEE A L2 R L LD,
CCHEVHLLCHDARTHY, BLIEEDE
BENRZLRBEHBOE2d Tah -T2,

2. bPr—Zrr8ear b o—LEDOLE

bV —=v 7L av e —LEEOD pre-test &
post-test DEAL > OFIE & BHRFZE, VIO
FEERELILDOERRICRLAE (Elic=A
FRADONTWBEDIE IV —=v 7L ay
be - AVEORES L WBETHB), EIN,
EFAVHEHBICEELRER A OO TB &
CBoBRc, REMEV - BRSO 2EHE
Thr—=Vv/7EIERERRLEERLTV%, %
72 TG & CCoBicBIL Tk = v b m — AFED
LUOHLLLShT, =V I ENERENTE
hERBEELAL 2R L,

3. FEgEmELSSHIPL—ZTRR
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Table 2.
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Mean and standard deviation of physical fitness tests.

T B T G
pre-test  post-test  t-test | pre-test  post-test  t-test
1.0.8C.U. (sec) 12.1£1.69 10.7+1.75 13.4+2.30 12.4%£1.9
Side J.(times) 17.8+4.27 23.4+5.10 X 19.8+2.88 21.7+3.00
Zigzag. (sec) 10.1£0.54 9.50+0.58 % 10.6£0.71 10.10.67
S.R.Time.(cm) 51.1%10.7 33.4+9.20 XX 40.9%7.50 35.6+4.91 X
C.Power. (sec) 21.5%10.8 30.8+24.1 XX 16.7+10.9 20.3%12.5
C B C G
pre-test  post-test  t-test | pre-test  post-test  t-lest
J.0.&C.U.(sec) 14.5+5.39 14.0+6.99 15.6£1.79 13.1+1.39 XX
Side J.(times) 19.1%£4.46 18.6*6.12 19.2+2.27 20.0%3.72
Zigzag. (sec) 9.9%+1.38  9.8*1.11 10.5+1.07 10.1+0.89
S.R.Time.(cm) 45.8%11.3 39.1%6.28 44.4+10.5 40.4+4.61
C.Powe. (sec) 11.3%12.1 14.3*13.6 11.3+6.33  8.2*+5.10
¥ P <0.05, X%P<0.01,
J.0.&C. Useeeee Jump over & crawl under. S.R.Timessese- Stick reaction time.
Side J. +eeee Side jump. Ligzag: -+ 7igzag run. C.Power seeeee Chinning power.

Table 3. Comparison of pre-test and post-test between training group and control group.

(LAtR, PHREINZEE L 5) #F 41 0RT, B
LT, TB T b ok ¥ iR 2T L
1o DIEMREH T43.3% TH H, DU TERIGHE
(40.8%) « KIBHEL U (31.5%) » L OBEL < <
H (13.1%) 7o &, TXTOEHETK X feE@R
mabire, CBiesuLTh, i) (26.6%)
ERICEF (16.2%) THUEBATA X 7BEINEE»s 2
Bhrcb oo, RIEME O TIE-2.6% LD %
RLTW5B, 70, Bz L T TG T, i

T B Cc B t-test T G Cc G t-test
J.0.8C.U.(sec) 1.37+£1.87 0.58+1.92 1.03%£1.30 2.54*+1.27 — %X
Side J.(times) 5.60%3.84 -0.50+3.24 XX 1.90%£1.73 0.80%2.99
Zigzag. (sec) 0.63+0.27 0.09%+0.99 0.52+0.25 0.31%0.54
S.R.Time.(cm) 17.8%12.0 6.25%9.07 X 5.33%£6.90 4.00%8.91
C.Powe. (sec) 9.25%+15.0 3.05%5.7Y 3.67%£6.31 -3.10%5.32 XX
*P<0.05. X¥x%P<0.01.

M) (17.4%) « BRI (9.6%) 7c&, TBix
ERE L BT RTOIEE TN A b e,
CGTig, LUBLL < HTI1%DKRE FegiN
AR Loy, IR 27.4% E K& e n
bt

% -

1. FABNDOIEAL NI ETHR
FAMEEATHHEOBL K <¢h « KB L O
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Table 4. Mean percent of increase for physical fitness tests.

T B C B T G C G
J.0.8C.U. (%) 13.1 3.6 8.1 19.1
Side J. (%) 31.5 —2.6 9.6 4.2
Zigzag. (%) 6.3 1.0 5.0 4.0
S.R.Time. (%) 10.8 16.2 7.4 9.9
C.Power. (%) 43.3 26.6 17.4 - 27.4

Table 5. Mean and standard deviations of total scores of 4 tests obtained pre-test
and post-test training.

J.0.&C.U. Side J. Zigzag. S.R.Time Total scores

(points) (points) (points) (points) (points)

T B(pre-test) [ 7.8+1.20 5.0+2.12 7.0%+0.50 3.3*1.64 23.1x4.47
(post-test) | 8.8+0.83 7.5%2.12% 8.0+0.71%k 6.5+1.58%k | 30.8%£3.27¢%

T G(pre-test) | 8.0£1.00 6.1+1.63 7.1%*1.26 5.3+1.34 26.5%3.07
(post-test) | 8.6%£0.95 7.1+1.67 7.9%1.31 6.1+0.88 % [29.7+2.69%%

C B(pre-test) | 6.9%2.26 5.6+2.29 7.0%£2.74 4.1+1.76 23.6+7.28

(post-test) | 7.5%£2.50 5.0+2.96 7.1%1.83 5.1+1.17 24.7%6.57

C G(pre-test) [ 6.6%1.36 5.7+0.90 6.9*+1.8]1 4.4+1.85 23.6+3.38
(post-test) | 8.0x1.00% 6.12+1.58 7.5%+1.69 5.2+0.75 26.8+2.33 %
¥ P <0.05, % P <0.01,

C SO I ER L UCERISEOREEEIFNE Table 6. Relative Body-weight.
MERIETE, LD 4HET A+ ORERM pre-test | Norm Difference
D HIRENOT v s SENHEETH B VDT, FE T B 6.9 7.7 09
RBARKS5ITRLI,

pre-test 17 45 1 3 & BE 0 4 2 18 5 11, TB At T G 18.3 17.4 +0.9
23.14, TG »26.55, CB223.6:, CG 2 ¢ B 16.3 1.7 —1.4
23.6T, TGMIES UT MERAFTES] (5 C G 17.3 17.4 —0.1
BRI Lo b 2 BRIEED 1©7 v 7 S s ha Nores««-: Physical fitness standards of japanese peple.

25, Mo 3EET T [HEERECHES) ©h
n, TG Ao 3BEL » H e b BEVIKETH - 7o,
ZRIEEE 6 225, pre-test & X OHKE A FEUE IR T B HWERE ORI L <X TG »
BB T 5 E, TGy b v — 8 EEE B Mo 3HMEERETh -, Pr—=v 2
#0.9% EEl - T %A%, o 3 B3 UK DFER, tL—=v 7B TB, TG &b 438

BUATTHB, 20 &hb TG REERMIZA Ho5 2 b EHBSETENRENI0.88 (7.745D
TENL ERHOFKELHLKRE L, BNt M), 29.78 B.2E oA L) T MEhi-HFHE

3FEH FE - T D THIHA L ~ v sk TE Hl w3 vr3Fd8h, et b FhFh1%
BOEZRLILLDEHEEIND, L -T, & KETHEE KA R LI, BICPEy <L g
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Table 7. Results of an analysis of variance for mean value

of physical fitness tests.

DRER E e\ T, TB ©5.65E0#EINT
HERkAE (P<0.05) ZRLAoNLCBix
0.5E DA HRL, WMECEISDFHETH
TB 231 BKRECHEILE - T\ e ROD 7
ISETE, BHhHPMoEE LI b A7+ —=V A
CRELHEETHEELLRBA, 2o Th TB,
TGotrv—=vs7ERtbEERAL (P
0.05) RL7zA=v b m—ABECREERAL
X b Rieh - te, BRIGK TH TB ©17.8cm
(P<0.01), TG 5.33cm (P<0.05) o # 0
TEThIETNERERAL R,

¥, BMEHCWTB . 55@lOEIMTHEE
7em B (P<0.01) #RL, TG Tix3.67E DY
INCHREFMCE R @ L34 b higd - 7o by,
CG & DEALSy DFIfED 51 1 %k#ET TG 23
BECE-> T\ o, 20X 5z pre-test & post-
test DIFIYME « BALD DOFIIE « SEHYBEINE « 4
ERENPD MY —=V IR a v r - AR
BTHEbv—=vrERRERICE s T B &
WH T, BHGEEEE OB NERRIR
LT AN HFS LD EELDNS,
THE, TOBREEEHL - = v S IIETFD
MENRL BRI, £ 7 (3%pretest & post-test d
Ty oFgEE v v —=v 780 TB & TG
TEEERELLLDT, LUTHLLICH - KB
LU ERIGEO 3EH IR\ T TB 2fiET
I 5 BKETER R - TV 5, BRE S 34
BEAC R FAFEEID b v — = v 7 EIROMER
HBIA i E3RE LT 5 2%, R T
ARSI A+ 4THEY, 3EHETEEENRD
bhdZ b ROBEERIC K TLEE
DEETDHEHRBZENTEL S,

T B t-test T G
J.0.§C.U. (sec) 1.37+ 1.87 * 1.03+1.30
Side J.(times) 5.65%+ 3.84 X 1.90%1.73
Zigzag. (sec) 0.63% 0.27 0.52%0.25
S.R.Time.(cm) 17.80+12.00 X 5.33%6.90
C.Pover. (sec) 9.25+15.00 3.67+6.31
P <0.05,

bbb, BEEESISAORAEN 2 ED B4
BB B TH Y, TofEmEzRr v BIR
CRKEL BN LHETE D,

4. SENDRE

BEYE, SIRBHoEHEY GABAEY) &
BXERBTHEnBIRLE LD TEHEEE
T 5 (BEESHROME) #BEHL 525
DERHDHEERL, BERCUT?S, AT
IR & B & 4 B KEIPEB O FE vl T s
Hicd, REMBRICLITM LT TH HEIEES
WIERWARYIRAETH B LT 5, Tk,
BEVISERTOL KV FEE (@IRKE
INERR B BRI E YRS EE R D
WO LA ZhTWbZ L RIEHL, $hEHI
B BEEFHOEEME A REL T\ 5,

DX ISR s A BEEEIREN IIEE
WCEERSOTHHH, BEARWEEDOEEEE
NEHELTHECEWERT S ELZ LT
BN, FEHEOBEWEICE > THELV WO F
HrFED, ESIEFRTOEHOHERIEE
T FRRRERICEV L ERE L EAT VST
», BWREBEFESG TR —FREREDEME LT
BHEEE W BERPEH B, Lorl, AEDOHT
—BEEPTHHOFHICZ LT L IKER
ndh, ZORAERETEEIELELL Ll
FilfeoTLES, i L EHBEOEY
HEOOHNTXEREL, EMToSHEENEHICT
2B v —=vIT B ERYIREAD BEF
B EBEIRE I OME, X5 CIBER OB
BEBM O Y A D BB B DT, HEHK
BEISICE W TR 7 B E THEENIC
HYIFEEHEINTWAEEF Y v 7 (modeling)?® 7 &



PR AEAE L0 7D 0 FEERIC O TOWR 25

DIEHEIC X 0 TREBE S TRBICERD () Fv—=vrBLay b e AHOEMLE
I D ARTU < LB S B DTIRIEDD D B, 7 A MEROFEENF AL L L A, b
U — = v VP EEO B T 0EE IR R

= # L, FrieBRERE eBIMER 2R L7, —7,
Ko BRI, $hIROREEN 25D 5 01l a2Vt e - AHTRELEELINFR 1 EEH TR
EEHNBRTH AT AR T ETHD, YERL, iO4EHTR N —= v IEIRE
Z DD YR OFER IR 2N FIGEEH O v TR E R LT,
—=V ST RIS ARFE LI, TOFERE L~ @) rv—=vIRIBROBAENT A BB L
=V 7HIRICERL -BFERF v v 2 - LI A, MEBET L — = v 7 ERBLi
FIEEED 7+ — L FF R M4EBE, BEHTF BERBELEATRLED, 2V e — BT R
A+ 1EHOHSEHOT A b2 bIRETL, &5 THZRDZTERCIEE M 2R S feh
NIERILUTOE TH 5, 51
(1) Pr—=v7/RRCERINCT A FERY UEofER»b, Badl &+ 2 EEERILL

HELiclo A, br—=v /BBl TX5 ROFENYEDLOICEHTH Y, Z OMERIT
HEHB, BRC4EHE, gRT2EEBEER BRIEE VT, LhRELSHZBRB EFEREI NI,
MmErabhi, avibe—aBc@ELT, B

BEhmLraohicoldgBo 1 HERTTH B RExKbadicy, BEREHBGEYS

-1, D ¥ LIcRRFELEEROBRZ KIS0 B/
2) bv—=vIZEEav e - ARERERL HWEL TS

7 A MEROEALG OFHEN DB Lo 58 : A O—Et, BARGBEFESEIIEA

A, BRI 2EEIR T L — = v 7EN SHRBFREEFCSCTOBEREINCLDOTH
FERAELRYTL, TRTREFAFHR1EET 5%,
DTHEERALEEZTRLI,

51F « &EHR

1) HliRkkE TERRIC KT 2R iegiiEinEic i+ 2] BERETFESEITERESS A [ p477, 1986,

2) HIREKE TERBWC ST 2R e BlT 209 - E_H~FvHE - EFOo v —=v 7R iwc> T
~ | BRGHESHEREREST A - p4ss, 1987,

3) MR E TERIZOHKBEIEHIC ST AR B A KT 55 - ~ b v — = v 7 i ORET~ ) REFHFEN
72, 55 35 :39-46, 1988,

) AARZ [F=zv 7« B3 74 « 52 5L HHEEMOERBTREFTENHE - ~LBN - KoBEHER RT3
FiER Bl 2 BHITTE~ ) SIRKREEEFE, BRBEEWEE21S [ 231-244, 1985,

5) BEEZ MREGEN OFECH T 2 BEREHEENMRE - ~RA - S &, H - Stk 3BEEH OFE T
LHEGIFR~] SIRKFEFEFFELE, BHERFERTSS 1 139-152, 1986,

6) GFFIE « EAGEHSE - BINE— TRENRE LCHTHEN b v — = v 7 OERIIIE (DVEREE 2P0 & LicE
7 w5 a0BicowT) BHEEE 41189-194, 1976,

7) EFFIE - HAGELE - BOME— THRAPERE LABHEN v — = v 7 0ERR QEESEE 20 L
BT m 5 AR OWT] FERSE 5 183-191, 1977,

8) FAFFE « K I TEHEANRE LHTHEN Vv — = v 7 OEBRIIFE G AREL L —= v 7 ORI
W EEREE 7 0142-147, 1979,

9) BEEE - MHFE (YROMENE Lo 0 Gl oW TOEBRIFE Q)L OFEHO L —=v 7D
BRIz OWT HERIFE 71 133-141, 1979,

10) KA - BEEF - REEF - B8 - £2KEE - B52F - BREF - AA=EF - BOREF - H L3



26 REFFEEFER $45

F oo PEEST THIRORAEHOBER LEHNE &£ ORI O TOMEE] FAERIE 81 117-125, 1981,
1) BERE Y 2 —HARNENEES THAENT 2 + EHEES L 0o | AHFREE 41 207-217, 1976,
12) HEZED [/NFEROSEER) | fER HRER 1 135-138, 1980,
13) HIR#E MHERER RT3 5 2R SRR E OB ) MAEHAREMELES 35 1 8394, 1988,
14) HAEH - ¥R - 20 ¥ TRECFTE/HET 2582)] FERSE 91 137-148, 1981,
15) AT - BEEE - KEIUES - IBEBX THEEARLEDO DO S EEHOFERIF 1o T HEEE 40 158-

169, 1976.
16) BFEREESE « Ry = F THREE BT » ERITERQIGE BB O EZIR IOV T EHEFENTRELS  26-32,
1971,

17) BREWE - INEWLESE - AE % R0 v —= v 7SR OME ) AERIE12 1 83-91, 1984,

18) AAFIE - SEHEAE - DNEFZR - BETEE - IMAEIT - EALYLE c AT B4 - IMREE - AFET R - FAREE
(EREE ST BET BRI R D % & | BBERIZE15 ¢ 75-87, 1987,

19) EmHE [FL L orbOfEMER - AR KIEEEE [ p245, 1980,

200 WWTERER 4R o.LEMFEE] 7 v — ~LfE 1 76-77, 1980,

21) AR TSEERREN OFZCE T 5 2 £ — v BEFINE « ~KELXFFEENR BT 2 HOFE~] 24—
YEEBEFME, H6EHE 25 1 15-23, 1986,

22) HNREKE [HhIREERhC R % BRES) 0 EFRR BT 505 - ~RERGOBFHNEINKETEE~] BE
HEYERFXMESELERES  pl0, 1987,

23) mHEE [FLboledbofEiR - HE] KEEEME © p5l, 1980,

24) Gallahue, D.L.: Motor development and movement experiences for young children (3-7). John Wiley & Sons :
New yerk, pp 61-68, pp 127-177, 1976.

25) Zaichkowsky, L.D., L.B. Zaichkowsky and T.J. Martinek : Growth and development, the child and physical
activity. C.V. Mosby : Saint Louis, pp 27-29, pp 47-49, 1980.

26) EHAE MEAFSEEIMEE & <78 BEORFERISEE 15 1 71-74, 1985,

27) BRI AE S EEIEETRE THERAOEEEEE =R ) RERE AR - 308-311, 1980,

28) WIFREKE THREIC R 1 2 BEEENEE ORI T A FE - ~FARE oM L RIFTHH~ ] HREFESHEIY
EIR&S A I p762, 1988.



w & £ B =&

5 [ Ol B (EER NoOE T H A ah
B & W B R OF—ER s oa E B

Y 2 £ 9 A 258 EIR
Yk 2 108 1 H BT

wERTE F M OFl B
BBl % (SEEIRIEAST
%I BABEYSET RS
TROR W H AR H 6 — m
FMRFEEFMRBEFTHEEN

HEGEE2RTIRESEBR
E FE 0262—32—8106 (359






