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=Abstract=

Relationship between Total Body Fat and S/V Ratio
and Body Cooling for Two Hours at 15°C

Kwan Ogg Chung and Kee Yong Nam

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

Skin temperatures on 10 sites and rectal temﬁerature at every 10 minutes, oxygen consumption at
every 20 minutes were measured on 18 male subjects (ages between 14 and 47 years) after exposure
to cold air at 15°C for two hours in a climatic room. Total body fat measured by means of a
skinfold method and ratio of body surface area (S) to body volume (V), S/V, were utilized as basis
of observations. Surface area was calculated after DuBois equation and body volume was calculated
by our original formula. In influencing on the heat loss from the body core to the cold environment,
9 fat showed inverse »ralations, whereas, S/V ratio showed direct relations. Thus these two factors
acted antagonistically on the body heat loss.

Local skin temperatures showed negative correlations with skinfold thickness on the same site,
nemaly, on chest, r=—,567; on back, r=- 507; and on upper arm, r——. 353. The other 7 skin
sites showed low correlations with % fat. Minimum mean weighted skin temperature (MWST)
showed a negative correlation (r=-.443) with % fat, and showed no correlation with S/V ratio.

Oxygen consumption in- the cold air at 15°C increased from the first measurement at 20 minutes
after exposure and maintained the same increasing trend up to 120 minutes. ATy was greater in

the lean subjects who showed a greater 9% change in oxygen consumption.

The antagonistic actions of 94 fat and S/V ratio on the heat loss were manifested by observations
as follows: minimum rectal temperature was higher in fat subjects (r=600) and lower in“subjects
with a greater $/V ratio (r=—.582), AT was smaller in fat subjects (r——. 738) and greater in

- subjects with a greater 5/V ratio (r==.618). Temperature difference between body core and skin
surface (minimum rectal temperature minus minimum MWST) showed a positive correlation with %
fat (r:; 600) and a negative correlation with S/V ratio (r=—. 881).

Decrease in the mean body temperature and heat debt, respectively, showed negative correlations
with 93 fat and positive correlations with S/V ratio.
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7ol =&H9 308 ool dAgol Zsbehe (Tam-
pietro and Buskirk, 1960), 10°C el x=23l9 & 72 %
HAFEL X EHE éﬂﬁ: Ag ok xele] A&
+ Zasdrt 28 F 30 3 AFEE dAgol F
7}l ohz 3o (Buskirk et al.|1963), Z Fo} = Z71=
A& FAE 478 F A FER) At gk
G 34 257 20~22°C el 4 YA E 4B L GATH
E AL E 1~3A7% T4 g4y E710 Al
&Y (Hardy and DuBois, 1937), 26 ‘ﬂ.?q 28°C o] 5}-9)
#74 EEdASE & A7 =W Qe 2%

Z7stgct ¥tk (Hardy and DuBois, 1940; Hardy’

=
et al.,, 1941).

gl Atate] x&Hw AL 2 FL s EA3
§ =75, @7 (shivering), & 1A= ZF7t Fol
vehvtz B 72 A4t Trzlﬂﬂ} olg 3 w2 7
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Table 1. Physical characteristics of subjects

Ratio of

No. " Subj. Age He., Wwt., sklz/f&?)xlld, Body fat, vgﬂer)l’e, S‘;x{tf:;?e S. area
yr cm kg mm % 1 m? B. volume

5 PY 44 163 63.7 9.0 15.4 59.2 1.67 0.282
6 BK 47 168 67.8 12.5 17.8 63.6 1.76 .276
7 KK 41 160 67.1 14.3 | 19,7 63.5 1.69 . 266
9 KH 29 170 62.9 6.8 13.3 59. 6 174 | .201
10 PH 27 170 63.3 4.4 10.7 59.8 1.74 . 290
11 PM 25 166 60. 6 6.5 13.5 57.1 1.68 . 294
12 KC 25 176 69.9 9.7 14.7 66.6 1.86 . 279
13 LY 33 . 178 67.8 8.3 13.4 64.2 1.84 . 286
14 LS 22 163 59.1 6.9 14.2 56.0 1.62 . 289
15 KS 27 160 56.2 5.5 13.3 53.2 1. 60 .300
16 SE 45 170 60. 8 9.7 | 16.9 57.1 1.70 . 297
17 LY | 35 168 74.6 13.9 | 17.4 70. 2 1.84 . 262
20 YS 34 165 54.5 52 | 134 51.1 1.59 .311
21 SH 31 166 65.3 5.9 11.8 61.1 1.72 . 281
22 LB 34 162 56.0 5.0 12.8 52.4 1.59 .303
24 CJ 14 152 41.5 6.5 16.9 38.3 1.32 .344
25 MB 18 169 71.4 10.2 14.8 67.7 1.82 . 268
2 KY 30 171 68.0 7.1 12.5 64.3 1.80 . 279

24

V=SX(54. 95 W/H-14. 02)
2 Adstd e, dld Vi AA &4, liter; S: EF
#£Q1956) W& AA Bwd, mk; W: A%, kgd H:
Z4ol, ecmolt},

A% LEE 0TANA 2A%gen Lx A4S
AFE Bole Aad A3 FAE A WEA

g dxz 2339 9§ 22% W0THIA F2
Bty oA L zRE FF 1% FF X (mean weighted
skin temperature)® AF&3t¢ich. #BF A5 I 2=
= Quartermaster R. and E. Center ¢] &4 (Teichner,
1958)e] welA Mean weighted skin temperature=. 050
instep+. 150 calf-+, 125 thigh+. 125 medial
thigh-, 125 back +. 125 arm-+. 060 hand+. 100 cheek
2 AES

M2 &% 24 7|FZE telethermometer (Yellow
Spring Instrument) & AF&3tg ot Thermistor & #-3
22 HYstes Fad Holzm 15°Col =% ¥ 10 %,
20, 30, 40, 50, 60, 70, 80, 90, 100, 110, 2 120 ¥
o F g4 124 A8 L5 W3 E Bt AAL
% = thermister & 7cm7te: A 3ol Abgleted 234
s,

Ax AR g 2L HFA 2 Fo) (Douglas bag)dl

3% FNE 5% %9 A2 micro-Scholander %3

oL

lateral

(Scholander, 1947) % A4 ¥ 2-& A A3} Consolazio
219639 =EE A4 A2 AHRE AFIY
B, Ax AP 2AL 24°CY AL Az FA4%
2 15°C §LAdAE 20 %, 40, 60, 80, 100 F 120
2o 69 FAsgeh

o4 W #Ae 2% WFo| £0.05°C, ¥l<rol 50%
olgon A ZHE AESlz aadgoed @ &
% = katathermometer 2 =3F3}e] 3m/mino] e}, ol
gt} AAe & gt

9 F #) & (Mean body teinperature, MBT)-&

MBT=0, 03 MWST+0. 67 Tx,

A7le) Tal A% £xoth @ 34 (Heat debt, D)

9] A4k
D=(MBT{,—MBT1,) (0.83 body weight, kg),

od 7ol A4 0.83-2 AlAS] ¥l A (specific heat)o]=,
t#F e AR A 1, 2& sEd AdY Ad
(insulation, Ip)-&

Iy=(Tr—MWST)/0.76 M,

d7el AF 0.76.& £F7] 232 ot d £

A& 24%2 Az oA L mASE Aolz, ME& 44

Aol 9l keal/m2hr o) o},
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el Aen 27 WHRe fA%E AL oM
th olAo] FFA TE LA(S.EMDY z=yld Ht4g
gty vrlend, & F 40 Fe] AAFA AQ A
dov 2 Fd AR} 120 £ ohA Helzioh Ak
AR AEL FATSo w Ea49 AA 24

of 59& #A g4
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O—0 ml/min/kg body weight
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L mI/} body volume
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Minutes after exposure
Fig. 1. Increase in oxygen consumption after exposure

of nude subjects to cold air at 15°C. 0--O:
mi/min/kg body weight; €--¢: ml/min/kg
LBM; A—A: ml/min/liter body volume.
Vertical bars indicate one S.E.M.
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‘Fig. 2. Per cent (number of shivered to the total)
shivering after exposure to cold air at 15° C.
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Table 2. Correlation between skinfold thickness and

the lowest skin temperature

y\x\ 1:Sl'i{xlcrllfx?elgs Regression equation
Chest —. 567 y=-—. 246x+32. 38
Back —. 507 y=—.124x+31. 28
Upper Arm —. 353 y=—. 601x+28. 94
Lower Arm —. 237

Hand —. 205

Instep —. 191

Med. Thigh —. 169

Calf —. 086

Cheek —. 086

Lat. Thigh —.048
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Fig. 3. Cycling of local skin temperature in cold air at
15°C. The time to reach the minimum skin
temperature differed at various sites. On back
and chest rewarming was manifest.
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Table 3. Correlations

\% Fat| Vo, [Regression equation
y :

Minimum MWST * |- 443 y=—. 0831x+25, 42
Minimum Tg . 660 y= .141x+34.15
ATg(Control~Min.) —. 738/ y=-—. 134x+2.94
Min. Tg-Min. MWST] . 600] y= -, 182x+7.00
ATr(Control-—Min.) . 419 y= .00592x+. 419
Heat debt —. 587, y—-—8. 48x+136.05
AMBT (°C) —. 686/ y==—. 173x+4. 935
Body insulation . 288
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Fig. 7. Relation between 9% fat and minimum rectal
temperature after exposure to cold air at 15°C
for 2 hours. Coefficient of correlation was

r=. 600.
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Fig. 8. Relationship between % fat and decrement in
rectal temperature (control minus minimum
value),
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Table 4. Surface area to body volume ratio, S/V,

and related change in body temperature

S|V mlll\fri%g, hﬁ%nsj’lfr,nAMBT’ ATg, | Heat
°C °C °C °c
282 | 369 | 265 | 186 4 98
276 | 365 | 267 | 175 7 98
266 | 370 | 262 | 110 4 61
201 | 354 | 2.2 | 226 | 13 92
290 | 360 | 275 | 27 9 | 142
294 | 364 | 262 | 256 8 | 128
274 | 363 | 260 | 25 | L1 | 147
286 | 36.2 | 263 | 211 8 | 18
289 | 36.4 | 269 | 1.72 .6 84
300 | 36.4 | 266 | 329 | 10 | 153
297 | 36.4 | 268 | 2.3 7| 119
262 | 366 | 26.8 | 2.22 6| 137
311 | 354 | 266 | 288 | 16 | 130
281 | 355 | 27.5 | 3.60 9| 195
303 | 356 | 265 | 241 | L2 | 112
268 | 36.8 | 261 | 273 9| 161
279 | 358 | 267 | 28 | 1.0 | . 162

Table 5. Correlations

’ X
\ S/V | Regression equation
y

Minimum Tg, °C ©  |—.582 y=—22. 31x+42.57
ATR(Control -Minimum),| . 618 y=14. 42x-}-3. 24

Mmlmum Tr—MWST, C° —, 881ily=——48. 2x-+23.4
AMBT, °C . 259, y=11. 76x—0. 95
Heat debt ., 276{y=733.8x—84. 4

°C

Minimum Tr,

351

- N . " "

.26

Fig. 12.
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27 28 29 20 Y
s/v .

Relationship between ratio of body surface

area to body volume, $/V, and minimum

rectal temperature after exposure to cold air

at 15°C for 2 hours. Coefficient of correlation

was r== — 582, -
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Fig. 13. Relationship between S/V ratio and decre-
ment of rectal temperature. Coefficient of
correlation was r—, 618,

°C

Min. TR = min. MWST ,
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Fig. 14. Relationship between S/V ratio and tempera-
ture gradient across skin (minimum rectal
temperature minus minimum MWST). Coef-
ficient of correlation was r=-— 881,
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