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ABSTRACT
This study examines the association between peripheral skin temperature and rectal

temperature or thermal sensation during rest and exercise in transient cool and hot
environments. Two experimental conditions with differing air temperature transients (20°C
and 30°C) were compared: Condition 1 (20°C rest, 30°C rest, 30°C exercise, 30°C recovery,
20°C rest, and 25°C rest and lunch); Condition 2 (30°C rest, 20°C rest, 20°C exercise, 20°C
recovery, 30°C rest, and 25°C rest and lunch). The rectal and wrist temperatures were monitored
for six hours, along with heart rate and subjective responses from eight male subjects. The
following results were obtained after analysis: (1) The wrist temperature was unrelated to
the rectal temperature, but showed significant association with overall thermal sensation
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(P€0.01). Higher wrist temperature indicates a warmer sensation. (2) During exercise, the
rectal temperature was affected by the air temperature to which subjects were exposed prior
to the exercise, rather than the air temperature during the exercise. (3) Wrist temperature
during exercise was decreased under both experimental conditions, but increased during
recovery, irrespective of the air temperatures. (4) Wrist skin blood flow and heart rate showed
no differences between the two experimental conditions. (5) Rectal temperature was
significantly related to body mass index (BMI), but not total body fat. Taken together, these
results indicate that during summer, wrist skin temperature reflects the overall thermal
sensation and not the core body temperature during exercise and rest in indoor and outdoor

environments.

Key words: wearable technologies, core body temperature, wrist temperature, body

mass index, thermal sensation
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Table 1. Anthropometric characteristics of subjects enrolled in the present study

. Age Height Body weight Body surface Total body fat  Body mass .
Subject # (f) (cri) y(kg) ¢ area, yBSA (m?) (%) ’ indexy (BMI) Body shape
1 24 178.5 57.7 1.76 17.3 18.1 Lean
2 20 171.0 55.3 1.68 15.8 19.0 Slightly lean
3 27 168.0 65.5 1.78 14.7 23.2 Normal
4 25 173.4 71.4 1.89 11.0 23.7 Normal
5 27 171.5 71.4 1.87 21.5 24.3 Normal
6 23 170.0 72.9 1.88 27.3 25.2 Normal
7 26 171.2 77.0 1.93 24.1 26.3 Slightly overweight
8 25 184.6 113.8 2.41 29.7 334 Overweight
Mean 24.6 173.5 73.1 1.90 20.2 24.1
SD 2.3 5.4 18.1 0.22 6.5 4.7

"Body shape was classified based on BMI: Lean (BMI < 19.0), Slightly

BMI < 26.0), Slightly overweight (26.0 <
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Table 2. Changes in rectal temperature during rest, exercise, and recovery

No. Condition 1 (20-30-20C) Condition 2 (30-20-30C) p value

@ Rest (60-65th min) 36.5 £ 0.3 36.5 £ 0.3 N.S.

@ Rest (115-120th min) 36.3 + 0.3 36.6 £ 0.3 0.009

® Delta Rest (@ - @) -0.17 £ 0.06 0.08 + 0.10 0.002

@  Exercise (145-150th min) 37.1 £ 0.3 37.2 £ 0.3 0.058

® Delta Exercise (® - @) 0.72 £ 0.15 0.60 £ 0.17 0.110

® Recovery (175-180th min) 371 + 04 371 + 0.2 N.S.

@ Delta recovery (® - @) 0.05 + 0.26 -0.09 + 0.22 0.095
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Table 3. Correlation coefficients between rectal temperature (T..) and body mass index (BMI) or
total body fat (%BF)

Condition 1 Condition 2
Parameters

r p value r p value
Tre at rest (60-65th min) * BMI 0.677 0.065 0.573 0.138
Tre at rest (115 = 120" min) * BMI 0.636 0.090 0.717 0.045
Tre during exercise (145 —150th min) * BMI 0.525 0.182 0.699 0.054
Tre at rest (60-65th min) * %BF 0.416 0.305 0.080 0.851
Tre at rest (115 — 120" min) * %BF 0.317 0.444 0.145 0.731

Tre during exercise (145 —150th min) * %BF 0.118 0.780 0.252 0.547
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