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Abstract: The metabolic rate, a key factor in determining thermal comfort, is influenced by many factors. In this
study, the impacts of four variables on metabolic rate were examined: two human behavioral factors (activity inten-
sity and clothing) and two external environmental factors (temperature and humidity) . Results revealed that the meta-
bolic rate did not vary immediately following an increase in activity intensity, such as transitioning from sitting to
walking at 2 km/h or increasing walking speed (2 km/h each time). Instead, it taked approximately 5min for the
metabolic rate to stabilize. Once steady, an increase in activity intensity leaded to a corresponding rise in metabolic
rate, a correlation that is statistically significant (p < 0.001) . The effect of ambient temperature on the metabolic rate
was tied to the level of activity. For instance, while at lower activity intensities, changes in temperature in cold or
cool environments could affect the metabolic rate. However, in warm or hot environments, temperature changes did

not significantly affect it. This was dynamically flipped when the body was engaged in higher-intensity activities; in
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these cases, temperature changes in warm or hot environments could affect the metabolic rate, but those in cold or

cool environments do not. Moreover, individuals exercising at low activity intensities in cold environments could

reduce their metabolic rate by wearing ticker clothing, thereby providing additional warmth. By contrast, variations

in ambient humidity did not significantly impact the metabolic rate (p > 0.050) . To illustrate, for sitting and 2-, 4-,

and 6-km/h walking activities, the mean differences in the metabolic rate between 50% and 60% humidity conditions

were 0.8%, 1.6%, 2.5%, and 1.8%, respectively. The mean differences between 60% and 80% humidity conditions

were 4.5%, 1.4%, 1.7%, and 1.5%, respectively. The mean differences between 50% and 80% humidity conditions

were 5.2%, 2.3%, 2.2%, and 1.5%, respectively. This suggests that the influence of humidity on metabolic rate is

relatively insignificant. In conclusion, these results provide valuable insights into the complex interplay between

thermal environment, behavioral factors, and metabolic rate.

Keywords: metabolic rate; activity intensity; clothing insulation; ambient temperature; ambient humidity
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Fig.1 Energy pathways in the human body
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Fig.7 Effect of temperature on the metabolic rate
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Fig.9 Effect of humidity on the metabolic rate
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(1) V&R EETEHFRAR SN E 2 km/h #0E DL
SR ST E RN 2 km/h ST, ARIIRE AR
BRI RIRA MEsah—4 LI, 51E
Smin Z B TRE. 5 MR PR T s
JE fy RN i E T (p < 0.001). 7E 24 °C . ZiXE S
il B B, #AE s F R RlRE b (60.3 +

8.2) W/m® , 2km/h # 5E 3% 3 8 m = (115.1
57) W/m® , 4km/h # 5E 1E 3h 8 n &= (159.0
11.0) W/m® , 6km/h # 5 1% 20 3 n = (260.5
31.0) W/m”.

(2) WEEXT ARRE AR A TE 2 5, X
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JEZ B s PR, LR AR A BT E T

(4) XF 4 FOAFITE SR T s s 24, 1
xR & B B A AR R A B R (p >
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MR T ORI 2o A 22 5.2% L 2.3% . 2.2% Fl1
1.5%. I UL, FREEE B X g Ale e A AR e A Gl
R AR/

[F R Z 50 e AR R —4, 2 E
AV 2 A B A, B AR ICRE AT LAY/
225 A e, AR AT AR 2R 25V 114 oy FH B A 7 41
B b AR T EE R EE . I, R AR B A
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