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Prediction of Human Body Volume from Height and Weight in Women
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Table 1. Body volume and other physical characteristics of women, N==171, Mean#S,D.

Middle school High school College girl middle-age women
N=31 N=48 = N=42
Age 13—16 16—18 18—23 33—45
Height, cm 147.145. 03 154.3+3. 21 156. 61-4. 66 151. 7+4.78
Range 135.4~154.9 149. 2~160. 0 148.0~167.5 139.7~165.1
Weight, kg 39.9:+5. 45 48.8+4.80 51.745.21 51.4%5.55
Range 29.3~50.6 38.2~60.0 38.0~64.0 39.0~61.9
Body S.A., m? 1.28-+0. 0972 1.45+0. 0728 1. 4970, 0925 1.47+0. 0889
Range 1.06~1.43 1.34~1.54 1.28~1.72 1.28~1.64
Body volume, 1, measured 38.5+5.53 47.1+4.85 49.6+5.19 49. 515. 50
Range 28.2~49.9 36.1~58.6 36.7~61.3 37.9~60.7
Body density, kg/! 1.0371+0. 009841 1.03582-0. 007348 1.039630. 007023 1.03398-:0. 007977
Range 1.0141~1. 0623 1.0193~1. 0573 1. 0251~1. 0541 1. 0196~1. 0498
Body fat, % 23.9+3.85 24.7+2.83 22.9+2.69 24.913.21
Range 14.1~33.0 16.0~30.8 17.0~28.5 18.9~30.7
Skinfold thickness, mm
Back 9.9313.78 16. 0+5. 17 17.2:+4.24 16.015.93
Arm 11.2+3.65 16.613. 61 17.344.37 13.3+3.68
Waist 10.463+4.29 17.8+4.61 9.8914.48 14.0+7.36
Abdomen 9.49-+5.32 15.4+5.55 10.7+3.71 14.345.91
Mean 10.2+3.93 16.41-4.09 14.613.61 14.4+5.36
Range 3.5~26.9 7.4~29.5 8.1~22.2 7.2132.4
VolumesS. A., 1/m? 30.2:+2.25 32.5+1.79 33.01+1.66 33.71+1.99
Range 26.2~34.9 27.6~36.2 28.7436.5 29.4137.9
Weight/Height, kg/cm 0.270%0. 032 0. 3163-0. 0307 0. 329--0. 0282 0. 33340. 0323
Range 0.216~0. 327 0. 246~0.391 0. 251~0. 389 0. 260~0. 405
Body volume, calculated
Group formula 38.67+5.51 47.3+4.67 49.61+5.23 49.3+5.64
Range 28.1~48.8 37.3~59.8 36.7~-61.9 37.6+60.8
Female formula 38.14-4.88 47.4+4.35 49.9+5.15 49.6+527
Range 28.8~47.4 37.7~59.2 37.2~62.0 38.1~59.7
Table 2. Correlation between W/H (kg/cm) and V/S A
(liter/m?) in the four age groups. The ] P
single regression line of the total women
is also indicated 35F
Age | N l Regression equation r o
>
13—16 | 31 y=68.90x -+ 11.57 . 970 20k et :Z::g x;:
16—19 | 48 | y="58.32x + 14.08 .998 i - N
18--23 | 50 | y=55.44x + 14.78 945 7
33—45 | 42 | y=61.01x + 13.33 . 986 sl .vz:'c;H' 35 26
13—45 | 171 | y="53.25x - 15.69 - 936 Fig. 1. Correlation between V/S and W/H in vari-
ous age groups. Lines of each group has

almost same gradient, whereas the intercept
differs from each other. In 13—16 years
group, however, the gradient is highest.
Constants are referred to Table 2.
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Fig. 2. Correlation between V/S and W/H in 171 female subjects. The line is represented
by the equation V/S=53.25W/H + 15.69, r=.936.
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Table 3. Differences of body volume measured by the underwater weighing method and calculated

by the empirical equation in women

Body Volume,1, & S.D. S.E.E.
N AD ADa
Measured Calculated 1 %
Middle school girls 31| 38.545.53 38.1+4.88 =+0.76 —0.11 +0.99 +2.57
High school girls 48 | 47.114.85 47.444.35 +0.55 —0. 046 +0.92 +1.95
College girls 50 | 49.6+5.19 49.9+5.15 +0. 48 +0.24 +0.62 +1.25
Middle aged women 42 | 49.5+6.50 49.9+5.27 +0.76 —0.11 +0. 67 +1.35

AD : Mean deviation of calculated from measured volume(calcuted—measured)

ADa: Algebraic mean deviation
S.E.E.: Standard error of estimate 1=v'3D*/n—1
D:deviation of calculated from measured

Table 4. Correlation between mean skinfold thick-
ness (back, arm, waist, and abdomen)
and V/S in women

Age N Regression equation r
13—16 | 31 v=0.50x + 25.06 .875
16—19 | 48 y=0.30x + 27.66 . 675
18—23 | 50 y=0.34x + 29.09 737
33—45 | 42 y=0.27x + 29.84 .713
13—45 | 171 y=0.35x + 27.52 724
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Fig. 8. Correlation between mean skinfold thickness

(back, arm, waist, and abdomen) and V/S

in the four woman age groups. The gradi-

ent of regression line of the 13-16 years

group is the highest. Constants are referred
to Table 4.
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Table 5. Correlation between mean skinfold thick-

ness and body volume in women

Age N Regression equation r
13—16 | 31 v=1.19x + 26.42 . 842
16—19 | 48 y=0.69x + 35.80 . 582
18—23 | 50 y=0.90x + 36.43 . 627
33—45 | 42 y=0.70x + 39.40 . 686
13—45 | 171 y=0.95x + 33.32 .683
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Fig. 4. Relation between mean skinfold thickness

and body volume in the four woman age
groups. The gradient of regression line
of the 13-16 years group is the highest.
Constants are referred to Table 5.
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Table 6. Correlation .between the Rohrer index
(W/H*)X 10° and V/S in women

Age { N \ Regression equation r

. 803
.916
.778
. 836

13—16
16—19
18—23
33—45

31
48
50

42

y=.16x + 10.77
y=.13x + 15.32
y=.12x + 16.75
y=.12x + 16.92
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32r
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Réhrer index
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5. Relation between the Rohrer index and V/S
in the four woman age groups. Constants
are referred to Table 6.

Fig.

Table 7. Correlation between the Rohrer index and

body volume in women

ge [ N ’ Regression equation r
13—16 | 31 { y=.33x — 2.84 . 697
16—19 | 48 y=.29x 4+ 8.20 .799
18—23 | 50 y=26x 4 14.94 . 524
33—45 | 42 y=.25x + 13.57 . 652

A A7 BEo] A A%t r=0.52 WA
0.799 #helel glel V/S sk Rohrer A4-ske] Aol wv}
A=A 2ot

r—=

B

Axe] AA $4¢ AReln ARG AA AFAL

il

AR AF e Agedel AT YA Jshel A
3 Aol UHA S A AN WY Aol o] BF

]
o Foe oo AEA G AF el g AL} o




—A&] A

A=z FHeEe0te A7k A 48 AFASL S
Ax 24, 4 AR ol FTAAA drlt vlong
g A LS AT AYAe] AgAvte] fele] A
BHAG. GAL AF &H A7 A& vl
235 MR EVHE A|3%e] 2ol vl gAUS AA o
A 171904 AR AY F4 V=SX(53. 25W/H+
15.69)2 A g & F84 (13—164)2] £H] 38.1
24 AER 38.6/c1 vzl HAow exo] o
F0.76/, 85 &AL +0.99 (F2.57%)2A wl=H
a2l & g8 Tl gl AR L AFA Ao o
ol FAL vistd Y4 AL Ao 16—-194
9 qA 25F4d QoA TFE 237 £1.95%, g
gel YgoIA £1.25% 2 39 A g4 +1.35%
2, AdAE B5RA £ ARG sfAF. 2=
Z A% elsA g 134548 ¥ Fde= 7
Fele] el AgAew AALHLE AEdE FoF
T % 4 A+

A7} FFATA gl A AA A AFAL AR
A9 eAFE Ed o] A FAA AAA AF WS
Aol F&sle thE dgd 33 Ao E Mok Ao of
A7 A F BEES (1969 st oAk 4
A wkgo] 17417/ A9 SAHEm 2 13—164 A
Fol 1AL AR AF velrt AA gAY Fo
=7t digks & AAelek o] ¥ o] V,5 W, H,
9 G453 5 AZ Aol A4 7147171 13—164
ATl QA FE dF Fof vEld] & AdE ¥y
Hdda sk & V/S ek W/H Aol o 4 24 (Al
2%), V/Sst }d AR5 Aol 9 A4 (A43), V
St JF AHFA (A58), V/S e Rohrer A4 Aol 9]
B A4 (A6 o] = Aol QeJ A} A AR ]
77 thE dEE 2 AA AR A 2An
2. o]&@A 13—164 JA FRHAE A AF
A EAo] TE A8 3 Aol Aok I A4 &
Ao ARAAE AFA S} vlam 2AF A Fo] AA o
Ao Y APAE AL AA 2 3 a2
A gonog oA AM 4 Aoz

V = $X(53.25W/H + 15.69)
E FAsH= vhol
AR A V, DI A5 (W, kg &3k A4 2

E D& D=W/V (kg/Dst Zo] T Adde 48 A4
oL % ket o}ﬂl Q4% 4 Qv ASFA HWSi—rE}
],

P A12E A1E FQ A5 —

¥4 %Fat=100X (4.201/D—3.813)& A&35le A
 Zoleh AA 9E 0.01 281 A% FAYF 5%
of sl ez AA A yelr} ulre] wWEe
T AA T4 AE 45§ Jebidg

FAGGG 18T Fwlo] Y& Aezr: JREFY
FAZ e vb (@K, RS 1968), HT AXFA
FA ek AlAl A Aol Abak A4} r=0.683 (A58)
olg} & Eol o] AlA WEst Ale] Y UE
il zely A LT FASt V/SAely Ak 4
7t r=0.72424 $4 V 254 H9u 2w A
< Atolgt 44 e E AL EAA £4 gE
o g7t e AHAS] PAFE e Ae] He
AL AEAS o AT AAE A e Lg FFE
slA 7R A& Rohrer A1 4-240] Aol o] AL n
= uh V/Selo] Aelo] Af ATy 7 A8 Fe Yo
BEFV &5 Aeurg ar

ol 43 o] AM AEX24 HW,SV,DY o3
T Fol AR BAE ARz wEsH, o 7hid
W/H, V/S] 5L A2 A9 Az A7) r=0.936
olgte olF =Y Aoz AM £4 VE At
= g5t

FA QAL (197002 A AA 24 AYHes
V=SX(54. 84W/H+14.04)F A A5G &ull, J=pe] A
FA vt g A4S J¢rs 286 29 V/S
E3o] 2o 2 & ¥ FEHo 2 5UF Aol
29 Sendroy % (1959)-2 dxe] AA §4 Ag4ew
V=Sx (51. 4W/H-+15.3)-& At £dl A449 4
G2t Aol ¥ o] =89 AA F4} F4F FF/
Roleh. V/Sst W/H Ate] 2] 5 A4 7]¢77} 13—
164) <= TdlA A gled, o d¥9TY €A
(relative weight) W/H 7} 0. 216—0. 327 Ato] o) g1 e}.
wAFe]l & d=37Y A A JeUle Fn €A
Fo] FolAd] wat J1E717t AAL AE Fatsled
Sendroy (1966)& ®l A Fol eJ A4 0.2 1A 0.89 #
Aol A= V/5=62.90(W/H)" ¢, u] ] F-0] 0.04 HA
0.19 Wglol 4% V/S=60. 36(W/H)* 570, 2545} 4
FA-E ANk A FAez gAY} F wA)
% W/Ho| Aolx 0.2 o] Aal WAt A4 444
o] A &= 0.2n7 A WAL e AL
A geda 4. F [AREe] AMAsle A9 A
A FA AL v AE WH 0.2 o] Al W9)o)ut
34t

AA R e AFHoz RS A4 A
Aol gt F AEAa] X £4L% ZAG}Y F4¥




—&AFE 2 Axtel dol4 Agst ATE

Fe 4L o] o e AsE FA 4AF (lean body
mass, LBM, ked3 AF 9 A4 A5zke] A aA4
23 yAe] 3le]4  LBM=0.32810W--0. 33929H—
29,5336 -2 AF o] A =} (Hume, 1966). Al
2o AAF (HDE A&l A= A A=l e A
Ate] WiAZE ¥ HGE AS WA Rid &9 Al
A o8 L9 Aozt FAY AFE Adste
A% gle} (Wilmore and Behnke, 1968). & 7}<%Ed

9¥-419 Ao zHy FAq AHF LBM=D?Xh 3§
Ao Ag el A AFE 4@ AFE A4sio
AA FHE 4o & F g& Dol

A Aol AF AXFH FA (5, B, s 2
o MW AT FAle] Bk R Rohrer A 49
29 AREF Mol A& Falg g dold AT 5
T3 FAE AA 9= Jolrt FAulake T s
Aoz AA dxoo] Aol A AL r=—0.7
Agoinl, FAE (%) Aol +0.7 oJ Ao R
B BE Aol d el (REA, HEH, 1968
BiEW, &TE, 1968; WS, 1968). & ¥ &5A
FA7E & Agd S5 FX o] en A Ao
£ 9¢ dHen iE*l st Aelet. IAF-FA FAE
AdRE E83 AA47 e AFAoH, GE od4
AR AFA 4o NFor 2ol Aol FHRFH
FAE olel g AZIE oFFE IHAIgle]l AA £4¢
el 7l FAE Bt

AR &4 & Rohrer AFStE wiad x99 A 3
A% Bolxdl, drle] Réhrer A& (W/HDX10° 2
2 AAEE Ziou Age dwler ke YA o
ol Wxe] Agd Aoz o] fwk AA FAE (BH
E)E YehdlE Aol dEE D=W/VE Ageg
& Rohrer |49 AT Ao] Fe FAolung Aol
A& Ao ol 4E]= Aolr] 2 A4k 849 $hiel V
7} wkA = A2k ¢] Réhrer Al & 2zl nxo] 4
FxE 7R Reld.  dhat A9 AAFo] ohvgt
LA Fakel AHEEE AR Ao A= AH
-7 gko] Rohrer Aot =] Af{ JAAEF Mol
Aot

AA 44 57 volrt AA WE AEe
A et Aoz AN FAwG AF A7 45

£ Aotk FAwEe RA FAYezA &4 54
o] MA=E & wialwl, AA 3 FAWE AAHNA A
2% 2arl 9ok (Katch et al,, 1967), 9 953
AR AForde FAY AF volrt FAWGE
A& sl 21 % 91t} (Hume, 1966; Khosla et al., 19

e e K

o
-

MEX-2

4% AA S48 42—

67). Hume & LBM=aW--bH—Constant §J42] A=}
A& AF}sig.en, Khosla 5 W/H? St o] A4
Ago] & A7t FAWeF Aol Foha e

E=| =

vho] 7} 13—4541 2] o & 17182 A= 3led A
(H,cm), A%E (W, kg) @ AgdH (S,mHezig A
A £4 (V, lite)-g RAA AEsteE AFAE HE
et

QAAE Fd 5t 4
e A 4o A
< vasdgdst AR
A7 e sk AAY o
Axe WAL dEFer vyl 13—1641 o
A FAAE 3149, 16—19419 9 25AAT 489,
18—23419 A HFAT 508 ¢ 33—45419 Fd 4
AF 4290191 e & e AAE A+

1. o7t 13—16412 A FaAge] golA +F A
Bie] g AlA $4.¢ P 38.5/ (A W= 1.0371
kg/lol ), 16—194) oI A mgstAle] g§le] 47.1L
(AR 4= 1.035890 3, 18—234 =k =Tl
9lo] 49.6/ (AA W= 1.0390] AP R 33—454] 2]
23 o Aol glo] 49.5/ (AA W= 1.0339 kg/L o 8D
ot ol AA &40 AFAG] wleid 4P
o 4% AAAE F£0.48 WA 10.76 19 BE AF
(+1.25% WA £2.57%9 & £3)E 2o & UAXA
sk ot

2. wAlF W/HS $59 Mg A vlg V/S
Aololl e A A4rt r=0.93600 oJ=¥ TEY 4G
FA k. 2 ng 13—4549 o1 A &4

V=SX(53. 55WH+15. 69)
g Agdes A 4 Yot

7z Ay aE W/HSE V/S Afojoll X2 At 3t
AZE dlen A3k AsE r=0.945 WA 0.998 Aol
d ATk 13—164 A= FEAZ A A 7E
717F & 48 Fol vl WA gk

3 AA £He g AA ASAgGE nEe] 43
#AE 2t 5 V/Se A A EFAH FA Aol
A3 AFE r=0.7240]3low. Rohrer A 59}2] Aol
ol r==0.778 W= 0.915°] %=

AA &4 95 FAZE V/S B ARES) wgioh
F Vs 3 A585F3 FA Aelelw r=0.6830]31 2
=, V ¢} Rohrer A4 Atolo] r=0.524 WA 0.7999]
et

dn 4% Agdez AA &

gHez ARdE 4 3
& AF &34 gof A%
4g nee o
£,

K3
1.0
-q-




—The Seoul of Medi¢ine: Vol. 12, No. 1, March, 1971—

ABSTRACT

Prediction of human body volume from
height and weight in female.

Young Tae Kim

Department of Physiology and Physical Culture
Research Institute, Seoul National University College
of Medicine, Seoul, Korea

Human body volumes in females were calculated
from the measurements of body height and body weight.
Empirical equations suited to express the relations of
height, weight and surface area to show the female
body volume were derived from the body volume
measurements by means of underwater weighing met-
hod. Underwater body weights were corrected for the
residual volume of lung obtained by the Rahn’s three
breath method. Underwater weighing was performed
on 171 female subjects aged between 13 and 45 years.
Subjects were divided into 4 age groups, namely, 13-
16 years group of 3] subjects, 16-19 years group of
48 women, 18-23 years group of college women con-
sisted of 50, and middle-aged group (33-45 years) of
42 women. The group division was made on the basis
of physical growth and development, The following
results were obtained.

1. Body height (H, cm), body weight (W, kg), body
surface area (S, m?), and body volume (V,!) interre-
lated closely. V/S showed a high correlation with
W/H and the coefficient of correlation was r=0. 936
in the total 171 women group. Subsequently the
following regression equation was obtained.

V=8X(53. 25W/H-15. 69)

The agreement of body volume values calculated by
the empirical equation and underwater weighing was
good, The mean deviation of calculated from the
measured value ranged between +0.48 and +0.76
liters (standard error of estimate was between 1.25%
and 2.57%).

2. The calculated values of body volume in women
were: 38.1 1 (equivalent to the body density value of
1.0371 kg/D) in 13—16 years group, 47.1 1(equivalent

to body density of 1.0358 kg/I) in 16-19 years group,
49.6 1 (equivalent to body density value of 1.0396
kg/1) in college women, and 49.5 1 (equivalent to
body density value of 1.0339 kg/1) in middle-aged
women,

3. The correlation between V/S and mean skinfold
thickness of 4 sites (arm, back, waist and abdomen)
was high, namely, the coefficient of correlation was
r=(.724. The coefficient of correlation between V/S
and the Rohrer index ranged between r=(.778 and
0.915 affected by the difference in the group age of
the subjects.

The body volume (V) alone correlated poorly than
V/S with mean skinfold thickness(r=0. 683) and the
Réhrer index (r ranged between 0.524 and 0. 779.
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