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A Study of Measurement of the Fat Contents in Korean Youths
by Mean of Skinfold Methods

Chul Hwan Cha, M.D., Ph.D. Seon Young Park, M.P.H.
Kwang Soo Che, M.D. Ho Sup Hyun, M.D., M.P.H.
Young IL Lee, M.D., D.P.H.

Dept. of Prentive Medicine, College of Medicine, Seoul National University

For the measurement on the fat content in University Students, an intensive examination was
conducted on a total of 3,030 students(male 2,577, female 453), from 16 to 25 years of age.

The subjects were all students who had passed the written entrance examination for Seoul
National University.

Total Body Fat amount was measurement by skin-fold thickness with a skin-fold caliper(Manu-
factured by Cambridge Scientific Industrial Inc. U.S.A.) at four sites of the body, and it was
calculated by Kim’s»12# and Lee’s'® regression equation.

As a result of this survey, the following conclusions were obtained;

1. Physical Measurements:

i) The .average of body height by anthropometric was male 167. 25+4. 85 cm and female 156. 03

4. 56 cm.

ii) The average body weight by anthropometric was male 56. 42+5.65kg and female 51.29+
5.34kg.

iii) The average of chest-girth by anthropometric was male 89. 9535, 33 cm and female 81. 36+
4. 89 cm.

iv) The average of sitting-height by anthropometric was male 91,2334, 98cm and female
86.18+4.15¢cm.

v) The average of arm circumference by anthropometric was male 237622 17 cm and female
22.39+1.79 cm.
In all cases the male measurements were higher than the female.
2. The mean skin-fold thickness measured with a large skin-fold caliper was;
At the sub-scapular: male 11. 544, 84 mm and female 14. 07-+4. 49 mm,
Abdominal: male 10. 3647. 09 mm and female 14. 95+5, 47 mm,
Lumbar: male 12. 5546, 44 mm and female 17. 0236. 57 mm,
Upper arm: male 6.28+3.71 mm and female 11.6223. 99 mm,
Total average: male 10. 1845. 52 mm and female 14. 414-5. 13 mm,

in all cases the female measurements were higher than the male.



3. Data on body fat amounts according to body fat weight regression equation were:

in male: Fat weight=10. 56 kg,

Fat free weight=45 86 kg,

Fat weight/Total body mass(%)=18.71%, (Body fat amount %),
Fat weight/Fat free weight(%)=23. 02%,
Fat free weight/Total body mass(9%)=81. 29%.

in female: Fat weight=12. 23 kg,
Fat free weight=39, 06 kg,

Fat weight/Total body mass(%)=23. 85%,
Fat weight/Fat free weight(%)=31.31%,
Fat free weight/Total body mass(%)="76.15%.

The females value was higher than the males.

B =
I. % &
I. #BEHSE 2 HE
A. AEHSE
B. JAEF®
D AER
2) AEFH®
a) B TRREFRIERA. % WESA
b) fBERIES &
C. BERKHY EEB
AERK R B
1 #FER &K BEH EE 45 9 2=
&
2. RTRIEGEETA A B KT WE
f&
3. ERAEE KT BRIESE
V. & &
B3

I.#% &

BES FEWOl AR MAM BRIl A= AL R
e FEel BEAC AL &l BFY 7
- 2B8ES 19 10~15%V%, T 7 $E 20~25%
%302 3R] getn ghek

MEIE-S FEAH BE2ESE 2EL 9% 4
I FERAHE ERY GEBRSse 2 88 28
tt21} Energy fR&e] el #BHR/E BE2 2o
Aol T BIFEE HEE-& del ¢ual Jdojg?.
3 BES RES oo Bl Aold mEel

ETR £ oz BEENE
Bl o AHSE A gen5 0,

BEMES HE Bt BB A8 B
Aol H= WREBEBFRA Hebed AR Fg Bk
o {ERRS fREEEN BRE BFelFd, #EEY B
o] AEel MWER Kool & A Hme HEelA
BERES FAENs B S gk

=) e |- o & 2 under-weight Y over-weight
7 vhel HES MERCl H& AL Mol 55
4] under-weight o] pr3le] over-weight = {#fd |- vt
= #E7 20, IEfiE(obesity)d] f£EE BiigsD’s
2 B/PAZZ & Aotk

(& : disfingurement, discomfort, disability, disease
and death) —fRfyo 2 Abeke] LESAE Folni
EEREY et A dE = A2 e EAsEla
gl ElH3D, )

HRiFERIES B3t #7eE 1863 4 Bischoff!'Pd| 4
WBIEH 2 9l o v Widdowson!®%.L Efsikel] ksl
ABERR S-S 583 3 Keys 9 Brozek!®, Allen!”
&L BEER EETAE HEsd ERHERES
BB v =ob. 9] Gran'®-2 Xk o 2 McCance
#® Rathbun 3} Pace'®%-& fIKkFBHE 246 FHE
s ko=, Von Dobeln®e AMEEO 2 BF
Whittingham® -2 BFHEC 2 BHETAE HEsH
= HkE &% BRT 9 Ao

BRI AR EwEdk EETAR & Ko 4822,
0, KOD, &9 B 3AL, & 2 AW, 45
A, AL 6 AR, £, EBNIO B OB 4 A &
o) BRI An &3] X-fik ¥ MASEEES
2 ZTY BES BED o

ARgel IBIFEEIEA Hilde LI HRES HEst

WrEIRES %o



ot 2 Kkt ikt ket we AL HE
22 3R Bagoud AFRE BEEED BT B
BREBHFALL %:f%ui ste] L Fkel A4 HifEel
I BEEN 2 EES A4 7] ¥:(Skin-fold Thickness

Method)& #/H, #itoie s BEE/ 7

=z =2 &

[ A g

B 4 (@G B0 ORIPE ThL R0, 6z LR
PrE #eke] WIEINL BRIRLSS SiHicke HifA ol ul

A sz Feke vl
1. AEHR ¥ K%
A AEHE

1970 SEE A REBE ABHR A EmREel &
#Ba BEA 2,577 4, KEBE 4534, B 3,030 Be

#ho = ek

ol E FH¥tHKe FBHS e Table 1o A9k 7+
ol 16 BHH 2B 37R vebta glos, =g B
A vhzbe] 18HR0] K4 38.8% U 38.2%E HHE
A sha ohg-e 17 5] R B&ehge] 21.7% %
35.1%% Rz el 9o EHERSS 18 29+
121 3(BT 1 18.36+1. 23 8%, X :17.91+5 89 3%)

ot}
B. BAEFE
1 RESR

EEES BRIe 9o AL RS BRASER
R 443 BF 44 5 10802 = o)

2. REFE

1970 % 2 A 7 HY-H 10 H7bxl 3 HEGell 244 3

7L Fiesl dos HE, BE RE &g 259
2 ETERBMESS ddA && FAstel &4
A BiEde nA HEEMe] REHET Piksty
=

a) FTIEMREHM ¥ MEER

BTIRRFBERA = sk —ESHA gebm gt

Bl BIES Rl ABAL 7 $el e 10 EHRA AR
53 {Efre] WEEPE o Committe an National
Anthropometry of the National Research Council®®¢]
HEHE-L- triceps( LA HRIERAL)S} subscapular (EFTE
o BAIDY mESA A fatness index & Al=vlar

oot AfRrat 2ol LENENA L 4 EHAE 3
LR WETAAANY A4 ETHA gctase
30 giks et

AFAEANA = chiat 2L 4AERME £4% 3ERE
BirEsle o TESE sk v

D 5 (Back)-2 HUERE (Scapula)®] & FifmHAL

ii) fE#(Abdomen)= A 5T LB/l vb}
= B

iii) PEI (Lumbar)= 4fi Crista itiaca(FEA) &
LI BRE g

iv) EREArm)= A EEREmPEHLE BT
JER5d 2o = Lange Skinfold Caliper & {3l v

b) s #il

TR TRBRAEES AR A st

Wisl RS Tk TIRIEATC1 8 BRI MR, &
Bl =etd ZEIE ded FEdslth

Table 1. Age Distribution by Sex

\\\ Sex Male Female Total
—
_Age T | st | Pereent | Nou0 | Peraemt | [ioy 0 | Percent
15 42 1.6 7 1.6 49 1.6
17 560 21.7 159 35.1 719 23.7
18 1, 000 38.8 173 38.2 1,173 38.7
19 599 23.3 97 21. 4 696 23.0
20 260 10.1 14 3.1 274 9.0
41 62 2.4 3 0.6 65 22
22 26 L0 — — 26 0.8
23 14 0.6 — — 14 0.5
24 3 0.1 — — 3 0.1
25 and over 11 0.4 — - 11 0.4
Total 2,577 100. 0 ‘ 453 100.0 3.030 100.0
Meana ge=:S.D. 18. 36+£1. 23 } 17.91+0. 89 18.29+1. 21




Table 2. Mean Height by Age

Male Female
Age No. of No. of
student MeanZ-S.D. S.E. C.V.(%) stu;ient Mean=+S.D. S.E. C.V. (%)

16 42 165. 121£5. 47 0, 845 3.01 7 155.71+3.10 1.173 1.99
17 560 167.571+5.45 0. 229 3.25 159 155,78+4.19 0. 336 2.68
18 1, 000 167.151+4. 84 0.152 2.89 173 156. 06+-4. 66 0. 358 2.98
19 599 167. 1845. 20 0.211 3.11 97 156. 13+5. 27 0. 543 3.37
20 260 167.19+5. 32 0.327 3.18 14 156. 57+4-5. 92 1.583 3.78
21 62 167. 85+4.51 0. 582 2.68 3 162. 0012, 44 1.414 1.51
22 26 167. 695, 41 1.129 3.22 — —_ - -
23 14 168. 201-4. 46 1.151 2.65 — — - —
24° 3 170. 6645. 55 3.209 3.25 — - - -
25 11 166. 00+3. 26 1. 088 1.96 — — - -

Total 2,577 167.25+4. 85 0. 955 2.89 453 156. 03+4. 56 0.214 2.92
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Table 3. Mean Weight by Age
Male Female
Age | o of CV. | No. of CvV.
student Mean+8.D. S.E. %) student Mean1S.D. S.E. (%%
16 42 54, 525, 59 0. 862 10. 25 7 52.71:3. 41 1289 |, 6.46
17 560 56. 75:6. 35 0. 267 11.18 159 51.14:+5.72 0. 458 11.18
18 1, 000 56. 20+5. 87 0.184 | 1042 173 51.105. 14 0. 395 10. 05
19 599 56. 44--6. 48 0. 262 11. 48 97 51.622:5. 16 0. 532 10. 00
20 260 56. 85::6. 15 0.379 10.91 14 52. 1445, 42 1. 449 10. 39
21 62 56. 36::4. 85 0. 627 8. 60 3 52. 662 05 1.186 3.89
22 2% 57. 6515. 85 1.221 10. 14 - — — —
23 14 57. 063, 04 0.785 5.32 — — — —
2 3 59. 00+4. 24 2. 449 7.18 — - — —
25 11 57.44+-4.74 1.491 8.25 —_ — - —
Total | 2,577 56. 42:15. 65 0.114 ] 10. 01 } 453 51. 29:+5. 34 0. 251 10. 41
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Table 4. Mean Chest-girth by Age

Male Female
Age |5 of CV. No. of C.v.
student Mean=S.D. S.E. (%) student Mean:S.D. S.E. (%)
15 42 85. 95+4. 07 0. 628 4.73 7 81. 25-+4. 06 1.534 4. 99
17 560 86. 40+6.72 0. 282 7.77 159 81. 49+5. 08 0. 408 6. 23
18 1, 000 88. 6745, 22 0. 164 6. 02 173 81.41+4. 81 0.370 5. 90
19 599 87. 40+4. 60 0.186 5. 26 97 81. 11+4. 54 0. 468 5. 59
20 260 87.75+4.95 0. 304 5,64 14 81.71+4. 52 1. 209 5. 53
21 62 87.33+4.59 0. 593 5.25 3 77.66-0. 94 0. 544 121
22 26 89. 08+5. 23 1.091 5. 87 - - - -
23 14 89. 664. 65 1. 202 5.18 - - - -
24 3 88. 005, 09 2.943 578 - - - -
25 11 90.77+4.89 1.631 5.38 - - - -
Total | 2,577 8.9545.33 | 0105 | 61z | 45 s1.36:04.80 | 0230 | 601

Table 5. Mean Sitting-height by Age

Male Female
Age No. of C.V. No. of C.v.
student Mean-S.D. S.E. (%) student Mean:£8.D. S.E. %)
16 42 90. 45-+2. 44 0.376 2. 69 7 85.57+1. 49 0. 566 1.74
17 560 91. 19-45. 63 0. 236 6.17 159 85.7146. 61 0. 529 7.71
18 1, 000 91. 324+4. 66 0.146 5.10 173 86. 594-2. 81 0.216 3.24
19 599 91. 03-£7. 05 0. 285 7.74 97 86. 06+2. 90 0. 299 3.36
20 260 91. 40-+6. 14 0. 378 6. 71 14 87.28+3.51 0. 939 4,02
21 62 91. 68+6. 94 0. 896 7.56 3 88.00::21.5 1.246 2.44
22 26 91. 82+3.52 0.734 3.83 — - - -
23 14 91. 60£2. 52 0. 651 2.75 — - - -
24 3 92.33+2.05 1.186 2.22 - - - -
25 11 91, 554:2. 50 0.833 2.73 - | - - -
Total 2,577 91. 23+4.98 0. 982 ‘ 5.45 H 453 86.18+4.15 0.195 4.81




Table 6. Mean Arm Circumference by Age

Male Female
Age | No of CV. | No. of C.V.
student Hean+S.D. S.E. (%) student Mean—+S.D. S.E. %)
16 42 23.6041.92 0.304 8.13 7 23.20+1.12 0. 425 4.82
17 560 " 23.784+2.11 0. 089 8.87 159 22.44+1. 81 0. 145 8.06
18 1. 000 23.804-2.13 0. 067 8.94 173 22.47+1.75 0.135 7.78
19 599 23.79+2. 86 0.116 12.02 97 22.08+1.57 0.162 9.11
20 250 23.524-2.25 0.140 9.56 14 22.84+1.52 0. 406 6. 65
21 62 23.31+1.75 0. 228 7.50 3 21.6340.97 0. 562 4. 48
22 25 24.5341. 87 0. 400 7.62 — — _— -
23 14 24.31+1.77 0. 459 7.28 — — — —
24 3 24.00+0.70 0. 408 2.91 — — - -
25 11 24.37+£1.22 0. 409 5.01 — — — —
Total 2,577 23.76+2.17 0. 428 9.13 453 22.39+1.79 0. 842 7.99
ek, S ERTES
d &5 (em) 2. HTEHMEEETHRIIZH &3t AEE

& @9 BB Table 54148 2o] FHAEE
BEe 7% 91.23+4.98cmol:m HFE A SdE
86.18+4.15cm o] gl o £ EEWTER THLES 57F
HREEE B vhgel kzkd @pnslm glvh

e BEY(em)

ZAEEH TS Table 6 o At o] FiHu-E3
= BFY A% 23.76+2 17cmolx LT A$E
22.39+1.79cm o} gl oM FEWMBR Ty 2Ee &
ks BTY A%E datslAl el webA B
st glow kFe 7Sl REE Infigel we} 2t

a. RTIRHFE

B9 Y865l & Energy Eoll Ibdl #Hs = Aol

BECIR E T BEERS L LB AT I
AV s ASete 2 S ETEEY BR Ty
= BEY BAE Aoz HFTEHES BV &
BHETHAE WEdd HE0 REE S ok
=3 ETEBE: BAREYES #BET & dt
sH A BERBAEA de FAs T ek
AW ETIEHE MEMEE Table 73 Zh
BRETY A%: 28R FHEL 574 4

Table 7. Measurement of Skin-fold Thickness at 4 Sites of Each Groups

Subscapular

Male Female
Asge gﬁd e(;ft Mean+S.D.(mm) S.E. gg;ie%ft Mean=+S.D.(mm) S.E.
16 42 11.1143.18 0. 504 7 14.07+2. 93 1.108
17 560 11.54+4. 24 0.179 159 14.1544. 43 0. 355
18 1,000 11.44+4.70 0.149 173 14. 461-4.54 0. 343
19 599 11.5445.12 0. 280 97 13.40£3. 82 0. 394
20 260 11.7846. 25 0. 389 14 13.39-£3.77 1. 009
21 62 11.9243.45 0. 450 3 13.1641. 93 1.114
22 26 11.99+4. 07 0. 868 — - -
23 14 11.7743.99 0. 877 — - —
24 3 11. 8342. 46 1.421 — — —
25 and over 11 12.20+6. 14 1. 048 — — -
Total 2,577 11.54+4. 84 0.954 453 14. 07+4. 49 0.211
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Abdominal
Male | Female
Age No. of No. of

student | Mean®S.D.(mm) | SE. Gor | MeantSD.(mm) | SE

16 42 10. 274, 67 0.737 | 7 | 15.50%4.64 1.752

17 560 10, 34-£8. 43 0. 357 159 15. 68--5. 09 0. 488

18 1, 000 10. 49+7.18 0. 225 173 15. 2245. 33 0. 410

19 599 10. 18+6. 05 0.246 97 13.705. 85 0. 604

20 250 10. 55-7. 81 0. 486 14 13.2744.29 1.147

21 62 10. 085, 33 0.694 | 3 8,662 71 1. 569

22 25 9. 24+3. 64 0.773 —~ — -

23 14 9.53+4. 92 1.271 — — -

24 3 9.60+1.73 1.003 — — -

95 and over 11 11. 948, 48 2.828 — — -

Total 2,577 10. 3547. 09 0.139 453 1, 495-£5. 47 0. 257

Lumber

16 42 11. 8045. 31 0.840 | 7 17. 28-+4.13 1. 561

17 560 12.8947. 97 0.337 159 17.16+7. 63 0.611

18 1,000 12. 295,50 0. 206 173 17. 35-56. 08 0. 468

19 599 12.3546. 15 0.249 | 97 16. 2845. 63 0.581

20 250 13. 0947. 94 0.495 | 14 17. 356. 06 1.620

21 62 12.87+4.72 0.615 3 13. 50-6. 79 3.922

22 2 13. 805. 49 L7 | — — -

23 14 12. 85-3.66 0. 947 — — —

24 3 10. 16-3. 39 1. 962 - — —

25 and over 11 15.72+7. 29 | 2. 430 f — —_ -

Total 2.577 12, 5546. 44 0.127 y' 453 17. 024-6. 57 0. 309

Upper Arm

16 42 6. 4542, 43 0. 384 7 10. 64+5. 84 2,210

17 550 6.727-3. 88 0. 164 159 11.84+3. 93 0.315

18 1, 000 6.37%3.77 1.119 173 11. 634:4. 02 0. 309

19 599 6. 053,51 0.143 97 11.62+£3.98 0. 410

20 250 5.924-5. 10 0.317 14 10. 1442, 93 0.783

21 62 5.32+2. 91 0. 379 3 8. 50+1. 08 0. 624

22 26 5,552, 89 0.617 — — —

23 14 5.534-2. 85 0.738 — — —

24 3 5. 60--0. 78 0. 454 — — —

25 and over 11 6.41%2.70 0. 903 — - —

Total 2,577 6. 28+3.71 0.731 H 453 11. 6243. 99 0.188




Total Average

16 42 9.91::3. 89 0. 600 7 14.37+4.38 0.377
17 560 10. 37%6. 13 0. 258 159 14.7045.52 - 0. 079
18 1,000 10. 15+5. 53 0.174 173 14, 6614.99 0.076
19 599 10. 03£5. 20 0.212 97 13.751+4. 82 0.101
20 260 10. 33%6. 77 0. 062 14 13.5444. 26 0. 267
21 62 10. 051+4. 10 0.127 3 10.95+3. 13 0.577
22 26 10.1444.02 0.196 — — —
23 14 9.92+3. 86 0. 267 - - -
24 3 9.30+2. 09 0.577 — — -
25 and over 11 11.56 0.301 — - —
Total 2,577 10. 18£5. 52 0.019 453 14. 41:+5.13 0. 047
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Table 8-a: Comparison of Skinfold Thickness between Male S.N.U. Applicants 1970 and 1969.

\ . Comparison Mean=+S.D. Dfiference
Ttem \ 70’ Applicants(2,577) | 69" Applicants(2, 566) between means

Age(years) 18.3641. 23 18.722-3. 59 —0.36
Subscapular 11.5444.84 10.36-2.12 1.18
Abdominal 10. 36+7.09 8.68+2. 36 1.68
Lumber 12.5546. 44 8.83+2.51 3.72
Upper arm 6.28+3.71 5.8341.58 0.45
Average . 10. 1845, 52 8.43%+2.12 1.75
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Table 8-b: Comparison of Skinfold Thickness between Female S.N.U. Applicants 1970 and 1959.

Comparison
Mean+S.D. Difference
Item 70 Applicants(453) | ’69 Applicants (451) between means
Age(years) 17. 91+0. 89 18.144+0. 85 —0.23
Subscapular 14. 07+4. 49 14.15+4.63 —0.08
Abdominal 14. 95+5. 47 14.1445.13 0.81
Lumbar 17. 02-+6. 57 13. 0945, 51 3.63
Upper arm 11.62+3.99 11.94+3.77 —0.32
Average 14.4145.13 13.33+£2 25 1.08
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BHE & Bl e 2HTHEA dAdAE K
el 175 mm $F8tx, ZFY A= ER BT
o ARk 0.81mm % 3.93mm 7} Stz 2 sl
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Table 9. Fat Contents Predicted from Skin-fold Measurement by Sex and Age

{Male)
Age No. of Weight | Fat Jreight Fat free F.W/TBM FFM. FW/ o
Ckg) ° (%) %>
16 42 54.52 10. 47 44. 05 19.22 80. 78 23.76
17 560 56.75 11. 41 45. 34 20.11 79. 89 25.16
18 1, 000 56. 29 11.07 45,22 19.68 80. 32 24. 48
19 599 56. 44 10. 45 45.99 18.51 81.49 22.72
20 260 55. 36 10. 65 45.70 18. 89 81.11 23.30
21 62 55. 35 10. 47 45.89 18.57 81.43 22.81
22 25 57.85 10. 53 47.12 18.28 81.74 22.34
23 14 57. 06 10. 38 46. 63 18.19 81.81 22.23
24 3 59. 00 9.98 49.02 18. 91 83. 09 20. 35
25 and over 11 57. 44 11. 45 45. 99 19. 93 80. 07 24. 89
Total 2,877 56. 42 10.56 45. 86 18.71 81. 29 23.02
{Female)
16 7 52.71 12. 56 40. 15 23. 83 76.17 31. 28
17 159 51.14 12.27 38. 87 24. 00 76. 00 31. 56
18 173 51.10 12.25 38.85 23.98 76.02 31. 53
19 97 51. 62 11.50 40.12 22. 28 77.72 28. 66
20 14 52.14 11. 55 40. 59 22.16 59. 41 28. 45
21 3 52. 66 10. 88 41.78 20. 66 79. 34 26. 04
22 — — —_ — — — —
23 — — — - — — -
24 — — - — — — —
25 and over — — — — — — —
Total 453 51. 29 12. 23 39. 06 23.85 76.15 31.31
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Table 10-a: Comparison of the Fat Contents Predicted from Skin-fold Measurement between"Male

S.N.U. Applicants 1970 and 1969.

\7\()omparlson Mean Difference
Tiem T— 70’ Applicants 69’ Applicants between means

No. of examined ‘ 2577 2566 11
Age (years) 18.36-+1. 23 18.7243.59 —0.35
Weight (kg) 55. 42 54, 60 1.82
Fat weight (kg) 10.56 9. 41 1.15
Fat free weight (kg) 45, 89 45.19 0.67
FW./FFW. (%) 23. 02 20. 82 2.20
F.W./T.BM. (%) 18.71 17.23 1.48

Table 10-b: Comparison of the Fat Contents Predicted from Skin-fold Measurement between
Female S.N.U. Applicants 1970 and 1959.

\\ Comparison Mean .
T . . bei?ﬂliﬁire;lzeans
Ttem . \\ 70’ Applicants 69’ Applicants

No. of examined 453 451 C 2

Age (years) 17.91:+0. 89 18.144-0. 85 —0.23
Weight (kg) 51.29 48.23 3. 06
Fat weight (kg) 12.23 11. 23 1.00
Fat free weight (kg) 39. 05 37.00 2.00
FW./F.FW. (%) 31.31 30.35 0.96
F.W./T.BM. (%) 23.85 23.28 1.53
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