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ABSTRACT

This study was conducted to investigate the thermoregulatory behavior of young males in
terms of self-identified thermal tolerance. We recruited 436 male students from Seoul (24.0
+ 4.6 yrin age, 175.3 £ 5.5 cm in height, 70.1 £ 10.6 kg in body mass, and 23.0 £ 2.7
in BMD) in accordance with four types of self-identified thermal tolerance: 1) tolerable of both
cold and heat, BCH (N=15); 2) heat tolerable only, HTO (N=118); 3) cold tolerable only,
CTO (N=162); and 4) neither cold nor heat tolerable, NCH (N=141). The questionnaire consisted
of 55 questions regarding preference to cold or heat environment, seasonal thermoregulatory
behaviors including clothing habits, seasonal sleeping environments, health care/physical fitness,
and anthropometric items. The results showed that: 1) BCH preferred less auxiliary heating
devices, gloves/hats, or thermal underwear in winter and had very few experiences with cold/heat
injuries or catching a cold, whereas NCH showed the opposite behavior and experiences as
BCH; 2) thermoregulatory behaviors were not symmetrical between summer and winter. Most
male students preferred cold beverage/foods to using cooling devices to lower body temperature
in summer, whereas auxiliary heating devices were preferred to warm beverage/foods to maintain
body temperature in winter; 3) thermoregulatory behaviors of NCH had more items in common
with HTO than CTO, while the behaviors of BCH were more closely related to CTO than
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the behaviors of BCH were more closely related to CTO than HTO. Overall, we confirmed
that thermoregulatory behaviors were apparently classified by self—identified thermal tolerance,
and such behaviors could be adjusted by improving cold or heat tolerance.

Key words: thermoregulatory behavior, cold tolerance, heat tolerance, questionnaire, self-identified
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2R F0lek el BT Asiriar AYzkskvt
(tolerable of both cold and heat, BCH), 3$]oll%t
73+ 73-9-(cold tolerable only, CTO), Bl $jellqt 733k
739-(heat tolerable only, HTO), 3-& g F2|9}
9o 25 2kt neither cold nor heat tolerable,
NCH)IL -§EeH Z-folit A At Fofates
SATH A & 4361, Uo] 24.0 £ 4.64), 7] 175.3
+ 5.5 cm, A= 70.1 £ 10.6 kg, BMI 23,0 £ 2.7).
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ol AFshe Sl o R olulE AF 40%, AHF
a/RkE e AT 240, 93)29/7)%) A% 3309
om, AF §A 7+ A2k vshl el fela
ok % 4361] ol F9lst Uglel w7
sk Hek 157 (o] 23.6 £ 3,94, 7] 175 + 3.8 cm,
AF 68.6 £ 15.1 kg), tIglolwt A3 Het 118 13
(24.4 = 3,64, 175 £ 5.7 cm, 68.0 £ 8.1 kg), 9
ok Ak ek 162 W8(23.9 £ 5.84], 175 £ 5.4 cm,
72.4 £ 9.6 kg), F9Jo}F Tiflol BT oFgh ek 141
(23,9 = 3,74, 175.7 & 35.6 cm, 69.3 & 12.4 kg)
o= AT yelok 71, ATl vl Fek 3F
ofgh zfoli= WA 3keh. HA SHAke] 85%7F
HlEArr o m vl Fek 7 FAEel Apol= Tt
2 2AATE Mgt dTEEeds]e] AR
SUE T2 F Y ERJAHIRB No, E1503/002 -007).
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Table 1. 55 questions of questionnaire used in the present study

Section Questions
Heat Thermal 1. T am sensitive (intolerable) to heat in summer.
preference 2. What indoor temperature do you think is ideal in summer?

3. Is it enough to endure heat by using only electronic fans without the use of air—conditioners in summer?

Thermo-regul 4. T always check the weather forecast information such as the highest temperature in summer.
atory habits 5 T tend to enjoy cold foods such as iced—coffee, cold noodle, shaved ice, and ice-cream in summer.
in daily lives . . . .
6. How long do you use air—conditioner a day in summer if you stay at home?
7. Which temperature range do you prefer when you use an air—conditioner in summer?
8. I tend to use an auxiliary cooling devices except for an air conditioner or an electronic fans in summer.
9. T used to take a cold shower for alleviating heat.
10. T prefer to use an air—conditioner set at a low temperature in summer.

Sleep 11. T used to use a quilt still even in summer when T sleep.
environments 17 - (If [ put a quilt on) I prefer to use a light and thin quilt in summer.

13. It is hard to fall asleep without auxiliary cooling devices such as air conditioner and an
electronic fans in summer.

14, Which indoor temperature range do you think is ideal when you sleep in summer?

Health care  15. T used to feel heat even just after taking a cold shower in summer.
and responses 16 | have suffered from heat exhaustion in summer.
to heat . .
17. T tend to catch a cold easily even in summer.
18. T tend to sweat a lot in summer.
19. Which body parts do you have sweating in when you feel heat? (you can check plural choices.)
20. I have had a sudden increase in my body weight in the last three years.
20-1. (If yes), do you feel more intolerable to heat than before gaining weight?
21. Which body parts do you especially feel heat in?

22. Please freely describe your opinion about the reason why you became tolerable (insensitive) or
intolerable (sensitive) to heat.

Cold

Preference 23. Which season do you prefer between summer and winter?
24. T am sensitive (intolerable) to cold in winter.

25. T always check the weather forecast information such as the lowest temperature before going
outside in winter.

26. What indoor temperature do you think is ideal in winter?

Thermo-regul 27. I used to cover more than two body parts among hands, neck, and head when I go outside in winter.
atog}; llhabll\ftsis 28. I always tend to wear thermal underwear in winter.
y 1 29. 1 bring more than two hot packs when I go outside in winter.
30. T tend to enjoy hot foods such as Ginseng and ginger tea for keeping body warm.

31. T use personal heating devices such as an electronic blanket, a Jade mattress, and a
water— perfused mattress in winter.

32. 1 frequently hope to take a hot spring bath in winter.

33. I tend to have goose bumps just after taking a shower in winter because of the temperature
difference between a bathroom and other spaces at home.

Sleep 34, Which indoor temperature range do you think is ideal when you sleep in winter?

CNVIFONMENtS 35 7 Jike to use auxiliary heating devices such as an electronic blanket, a Jade mattress, and a
water—perfused mattress when I sleep in winter.

36. I tend to awake from sleep because the indoor temperature is too high.

Health care  37. T have suffered from frostbites in winter.

'?cl)ldc (fledsponses 38. I often catch a cold in winter.
39. I tend to get sore muscles or cramps easily because of cold.
40. My hands and feet are usually cold in winter.
41. T have had a sudden decrease in my body weight in the last three years.
41-1. (If yes), do you feel more intolerable to cold than before losing weight?
42. 1 frequently have goose bumps because of cold.
43, Which body part do you especially feel cold in winter?

44. Please freely describe your c()ipmlon about the reason why you became tolerable (insensitive) or
intolerable (sensitive) to col

Demographic data  [45~55] total 11 items such as birthplace, birth date, height, weight, residence type, dwelling

heating type, exercise frequency, etc.
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Table 2. Thermal sensitivity and self-identified thermal tolerance

Total BCH HTO CTO NCH
Question Responses (Nota;/) (%) (%) (%) (%) x?
, %
N=15 N=118 N=162 N=141
Very much 124 28.4 0.0 0.8 42.6 38.3
L. I'aml ser;mve N Somewhat agree 160 36.7 26.7 8.5 38.9 58.9 .
(incolerable) to heat (i 57 131 6.7 246 15.4 a4 1987
in summer. p<0.001
(N=436) Not really 8 200 467 619 3.1 1.4
Not at all 8 1.8 20.0 4.2 0.0 0.0
Very much 76 17.4 0.0 28.8 0.6 29.1
2. I( aml Sef:llt;ve Somewhat agree 157 36.0 6.7 50.9 43 63.1
irolerable) 0 \eytral 69 158 333 19.5 204 57 1301
cold in winter. p<0.001
(N=436) Not really 118 27.1 46.7 0.8 66.1 2.1
Not at all 16 3.7 13.3 0.0 8.6 0.0
23 Which season do  Summer 103 236 200 568 80 142
you prefer between Winter 187 42.9 46.7 14.4 71.0 34.0 102.4
summer and Both 38 8.7 26.7 11.0 9.3 4.3 p<0.001
winter? (N=436)  Npeither 108 248 6.7 17.8 11.7 475
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Table 3. Indoor temperature preferred in

summer and winter

BCH HTO  CIO  NCH
Question Responses (;?tj/i) (%) (%) (%) (%) x?
N=15 N=118 N=162 N=141
asc 31 71 00 0.9 93 106
2. What indoor approx. 19~22°C 183 421 333 222 500 504
E;Eierizti;f?nyo“ approx. 22~25°C 186 428 600 615 358 333 picl)loé 1
summer? (N=435) approx. 25~28°C 35 8.0 6.7 15.4 49 5.7
528°C 0 00 00 0.0 0.0 0.0
aec 52 120 00 34 180 136
7. Which temperature range 00 19~22°C 186 429 400 297 478 486
i; y;u al?fffornzviti’r;eyro“ approx. 22~25°C 166 383 533 55.1 26.7 35.7 p1<(7)208 '
i smmer? (Ned3d)  approx. 25~28°C 30 69 67 119 7.5 2.1
»28°C 0 00 00 0.0 0.0 0.0
14, Which indoor a9cC 12 28 00 1.7 49 1.4
temperature range do ~ approx. 19~22°C 124 284 26.7 11.0 35.2 355 1250
you think is ideal when approx. 22~25°C 195  44.7 66.7 27.1 48.8 52.5 .
you sleep in summer?  pprox. 25~28°C 81 186 6.7 40.7 11.1 9.9 p<.001
(N=436) >28°C 2455 00 195 0.0 0.7
agc 2 97 133 5.1 16.9 5.0
26. What indoor approx. 19~22°C 120 277 133 248 275 319
Eiﬁfitﬁ;ﬁnm approx. 22~25°C 183 423 467 444 406 418 piéo()é 1
winter? (N=433) approx. 25~28°C 83 192 200 239 150 199
»28°C 5 11 67 1.7 0.0 1.4
34, Which indoor Q0°C 34 78 133 59 112 5.0
temperature range do  approx. 20~2°C 283 652 667 559 683 €93
you think is ideal when approx. 25~30°C 87  20.1 20.0 314 13.7 17.9 .
you sleep in winter? — %30°C 1 02 0.0 0.0 0.0 07 " .01
(N=434) Do not know 29 67 00 6.8 6.8 7.1
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S AR AL e A9 A SRk 8% o E3kaL, P shlls Agshe 73‘?‘%}0

o Hek 3k %913 ﬂo = A=A et *M ERttH(Table 4).

Aoz EMOH 3t FTHCTO, NCH) oM E 54

H9E 218]7] S8l ARE aAY ellolzdE o Zat 5. & Hetut Lot Mg 4

Al AL "I‘Eﬂ Alol| = kel T ofEdh= Aol W A5 g9lE 9 Al sl A Sl

A=), ddiHe s F=9]o] okt FHTHHTO, NCH)

Table 4. Preference to cooling and heating devices in summer and winter

6a7} A3 QoL alalont, Zslsh tislel &

Total BCH HTO CTO NCH
Question Responses N, %) (%) (%) (%) (%) x?
N=15 N=118 N=162 N=141
3. It is enough to endure heat by Very much 30 69 7.1 20.5 1.9 1.4
using only electronic fans Somewhat agree 102 236 357 521 16.2 7.1 49.0
without the use of air Neutral 99 229 286 18.8 21.7 26.9 )
conditioners in summer? Not really 144 333 286 6.8 447 426 pa.0o1
(N=433) Not at all 58 134 00 17 155 220
Less than lhr 122 28.1 40.0 53.8 19.1 15.7
6. How long do you use air 1~3 hr 145 334 533 34.2 31.5 329 1010
conditioners a day in summer 3~6 hr 83 19.1 6.7 7.7 24.1 24.3 .
if you stay at home? (N=434) 6~9 hr 50 115 0.0 43 160 136 oo
Longer than 9 hr 34 78 0.0 0.0 9.3 13.6
13. It is hard to fall asleep Very much 92 21.2 6.7 35.3 18.5 14.2
without auxiliary cooling Somewhat agree 184 424 6.7 45.7 40.7 45.4 9.6
devices such as air Neutral 9% 22.1 267 12.1 24.7 26.9 )
conditioners and electronic  Not really 51 11.8 533 60  13.6 9.9 p<0.001
fans in summer. (N=434) N0 o0 o)) 11 25 67 09 25 36
31. T used use personal heating Very much 53 122 0.0 22.9 43 13.5
devices such as electronic Somewhat agree 108 248  20.0 339 16.8 26.9
blankets, a Jade mattress, Neutral 48 11.0 13.3 5.9 11.8 14.2 592
and a water—perfused Not really 05 218 333 178 24 234 01
mattress in winter. (N=435) N0 o0 o) 131 301 333 195 447 220
Very much 307 0.0 0.8 0.0 1.4
29. I bring more than two hot Somewhat agree 4 09 0.0 0.0 0.0 2.8 8162
packs when I go outside in Neutral 13 3.0 0.0 3.4 0.0 6.4 .
winter. (N=436) Not really 102 234 67 339 142 270 p@.01
Not at all 314 720 933 61.9 85.8 62.4
35. 1 like to use auxiliary heating Very much 68 15.6 0.0 25.4 5.6 20.6
devices such as an electronic Somewhat agree 119 273 333 34.8 22.2 26.2
blankets, a Jade mattress,  njopy) 78 179 267 161 179 184 189
:itrae:avtvf;np?ﬁZZE - Not really 95 218 133 161 284 199 PO
winter. (N=436) Not at all 76 174 267 76 259 149
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Table 5. Experiences of heat and cold injuries, sweating and shivering

R oksl ZTHNCH) 9] 48%7}

7ol ek Holeh Swste] 91 -
Jok detkel of%

A 77)0]188-(27%) o

Total BCH HTO CTO NCH
Question Responses N, %) (%) (%) (%) (%) x?
N=15 N=118 N=162 N=141
Never 280  64.3 86.7 80.5 63.4 49.7
16. [ have suffered from 91 209 67 136 242 248 13811
heat exhaustion in )
summer. (N=435) Twice 29 6.7 6.7 4.2 6.2 9.2 p<0.001
> Three times 35 8.1 0.0 1.7 6.2 16.3
Very much 26 6.0 0.0 4.2 3.1 114
17. I tend to catch a cold Somewhat agree 123 283 26.7 24.6 23.6 36.9
easily even in summer. Neutral 98 225 6.7 17.8 25.5 24.8 83.7
(N=435) Not really 126 290 467 348 335 17.0 paa.o1
Not at all 62 142 20.0 18.6 14.3 9.9
Very much 159 36.7 26.7 12.8 50.3 42.1
18. I tend to sweat a lot in Somewhat agree 141 326 267 29.1 31.1 37.9
summer. Neutral 83 19.2 20.0 30.8 12.4 17.1 187.0
p<0.001
(N=433) Not really 39 90 200 197 6.2 2.1
Not at all 11 2.5 6.7 7.7 0.0 0.7
Never 367 84.2 93.3 75.4 93.8 79.4
37. I have suffered from 50 115 67 161 49 156 8243
frostbites in winter. ]
(N=436) Twice 10 2.3 0.0 4.2 0.6 2.8 p<0.001
>3 times 9 2.1 0.0 4.2 0.6 2.1
Very much 42 9.6 0.0 13.6 2.5 15.6
~ Somewhat agree 143 328 20.0 38.4 21.6 42.6
3. ivffg Za\;i;;om " Neutral 132303 467 246 370 255 pigoog 1
Not really 9 220 333 17.8 30.9 14.2
Not at all 23 5.3 0.0 5.9 8.0 2.1
Very much 125 28.7 6.7 41.5 16.0 34.8
40. My hands and feet are Somewhat agree 112 25.7 13.3 21.2 235 333 154
usually cold in winter. Neutral 62 142 6.7 13.6 14.8 14.9 )
(N=436) Not really 86 197 333 178 284 9.9 P01
Not at all 51 117 40.0 5.9 17.3 7.1
Very much 27 6.2 0.0 7.8 0.6 12.1
42. 1 frequently have goose Somewhat agree 139 32.0 6.7 43.1 11.1 49.7 1157
bumps because of cold. Neutral 108 249 26.7 26.7 22.2 26.2 :
(N=434) Not really 120 276 467 190 475 9.9 pa.ot
Not at all 40 9.3 20.0 3.4 18.5 2.1
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Table 6. Behaviors for coping with cold and

heat in winter and summer

BCH HTO CTO NCH
Question Responses (;?t;i) (%) (%) (%) (%) x?
N=15 N=118 N=162 N=141
271 used to cover more than Very much 41 94 0.0 21.2 0.6 10.6
two body parts among Somewhat agree 95 21.8 20.0 28.0 8.6 31.9 o1
hands, neck, and head Neutral 68 15.6 6.7 15.2 13.0 19.9 )
when I go outside in Not really 146 335 467 254 444 262 p<0.001
winter. (N=436) Not at all 8 197 267 102 333 114
Very much 70 16.1 0.0 28.8 3.1 22.0
28. 1 always tend to wear Somewhat agree 106 244 267 27.1 16.2 31.2 64
thermal underwear in Neutral 84 193  20.0 16.1 18.6 227 S
winter. (N=435) Not really 81 186 200 178 273 9.2 p=0.078
Not at all 94 216 333 10.2 34.8 14.9
5.1 tend to enjoy cold foods Very much 94 216 133 5.9 27.2 29.8
such as iced—coffee, cold Somewhat agree 152 349 333 24.6 38.3 39.7
.noodle, shgved ice, and Neutral 103 236 133 35.6 23.5 14.9 p1<(1)OO?) !
lceTcream In summer. Not really 69 158  20.0 24.6 10.5 14.2
(N=436) Not at all 18 41 200 102 06 14
Very much 113 260 133 36.4 11.2 35.5
32. 1 frequently hope to take a Somewhat agree 156 359 200 38.1 29.2 43.3 105.6
hot spring bath in winter.  Neutral 76 175  20.0 13.6 26.1 10.6 .
(N=435) Not really 52 119 467 102 161 5.0 p@.001
Not at all 38 87 0.0 1.7 17.4 5.7
25. 1 always check the weather Very much 92 211 133 23.9 10.5 31.9
forecast information such as Somewhat agree 129 29.7 333 37.6 24.7 284
the lowest temperature Neutral 51 117 0.0 13.7 1.7 11.3 36.2
before going outside in Not really 80 184 133 154 247 142 p<0.001
winter. (N=435) Not at all 83 191 400 94 284 142

733k FTHBCH 33%, CTO 40%)°l B3l =& A2
o] FcKTable 8). 983 & A A7
BRlsk= Aol o] A AL Bl&olA
ke Zhe = Qlglom ) ek 7k 2polw
2 gkgkon}, AgE oF Ao dAAl $HAk
51%7} A7]eBE BRlgitial shlom, vl ek 2k
zpo e frofate] Atz o g F9jdl] okl HTHHTO,
NCH)oIM A&d d7|drnEs glshs Hdo] o
E=9H(p(0.001, Table 6).

7. XA LiSHHEHO| F2A

Tl 9f ol efgh olfroll thal Al Al=dhe &3
oA A= 9l oFgk THCTO, NCH)olA
= Ho] Wol '} o] FEjui g W&ol B
ek AEH F2 wo] U FeEs vl ' 25
= AAY B ozl SRl 7Y Beka(BCHY
93%, CTO2] 90%, HTCS] 76%, NCH2] 92%), 1%
o kst HHCTO, NHO)oM= B2 Ftel H]3|
dEolgle -SR] AEeR BIUTHBCHS 0%,
CTO2] 30%, HTC] 20%, NCHS] 29%), Tl9]dl] 7
3 FTH(BCH, HCO)2] 7% Tl Yol 73k o]-f& ‘o
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Table 7. Thermoregulatory behavior or experiences and self-identified thermal tolerance

Questions R*  BCH HTO CTO NCH
I am sensitive (intolerable) to heat in summer. \% ¢) @)
I am sensitive (intolerable) to cold in winter. A% O )
I prefer summer to winter. O
[ prefer winter to summer. O
I hate both summer and winter. O
I prefer 19~22°C to 22~25°C as for indoor temperature in summer. \Y O O
I prefer 22~25°C to 19~22°C as for indoor temperature in summer. \Y O
An air—conditioner is necessary in the heat of summer. \% O O
An air—conditioner is not necessary although it is hot in summer. \Y% 0O
I tend to have cold beverages in summer for alleviating heat stress. \Y% O O
I tend to use hot packs in winter for keeping body warm. \Y% O
I don’t use auxiliary heating devices such as an electronic blanket, a hot \Y% O O
water bag, a small heater, a Jade mattress in winter.
I tend to use auxiliary heating devices such as an electronic blanket, a hot \Y% O O
water bag, a small heater, a Jade mattress in winter.
I tend to wear thermal underwear in winter. \Y% O O
I tend to wear gloves or hats when I go walk outside in winter. \Y O O
I don’t wear gloves or hats when I go walk outside in winter. \% O O
I used to think of taking a hot spring when I feel cold in winter. \Y% O O
I used to check the weather forecast information such as the lowest \Y O O
temperature before going outside in winter.
I haven’t suffered from heat exhaustion in summer. O O
I tend to sweat a lot in summer. \Y% O O
I used to have more sweating in the face compared to the trunk in summer. O O
I tend to catch a cold even in summer. O
I haven’t suffered from frostbites in winter. O O
I used to catch a cold easily in winter, \Y% O O
My hands and feet are usually cold in winter. \Y% O O
My hands and feet are usually warm in winter. A% @)
I used to have goose bumps in winter. \% O O
I don’t have goose bumps even in winter. \Y% O

*R: Reliability; Both cold and heat tolerable(BCH), Heat tolerable only(HTO), Cold tolerable only(CTO), Neither

heat nor cold tolerable(NCH).
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High cold tolerance BCH High heat tolerance

+  Warm|hands/feet in winter
» Less goose bumping in winter

+  Less use auxiliary heating devices in winter
+  No wearing gloves and hats in winter

* No experience of heat injuries in summer
+ No experience of cold injuries /

« Preference of summer to winter
/= Preference of higher indeor
temperature in summer
« No air-conditioning system

+  Preference of winter to summer
o required in summer

Sensitive to heat _—
Sweating a lot in summer
More sweating on the face than the trunk 7
Air-conditioning system required in summer /
Preference of lower indoor temperature in simmer
Drinking cold beverage/eating cold foods in summer

+  Sensitive to cold

» Auxiliary heating devices required
during sleeping in winter

*  Wearing thermal underwear in winter

*  Wearing gloves or hats in winter

*  Missing hot spring in winter

+ Checking out weather forecast in winte

Catching a cold in winter
Cold hands/feet in winter
More goose bumping in winter

« Dislike both summer and winter
« Using heat (hot) packs in winter
«  Catching a cold in summer

Low heat tolerance Low cold tolerance

Fig. 1. Thermoregulatory behaviors classified by self-identified thermal tolerance (BCH: both cold and
heat tolerable, HTO: heat tolerable only, CTO: cold tolerable only, and NCH: neither cold nor
heat tolerable)
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