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Abstract

It is colloquially stated that body size plays a role in the human response to cold, but the magnitude
and details of this interaction are unclear. To explore the inherent influence of body size on cold-
exposed metabolism, we investigated the relation between body composition and resting metabolic
rate in humans at thermoneutrality and during cooling within the nonshivering thermogenesis
range. Body composition and resting energy expenditure were measured in 20 lean and 20
overweight men at thermoneutrality and during individualized cold exposure. Metabolic rates as a
function of ambient temperature were investigated considering the variability in body mass and
composition. We observed an inverse relationship between body size and the lower critical
temperature (LCT), i.e. the threshold where thermoneutrality ends and cold activates
thermogenesis. LCT was higher in lean than overweight subjects (22.1 + 0.6 vs 19.5 + 0.5°C, p<0.001).
Below LCT, minimum conductance was identical between lean and overweight (100 + 4 vs 97 + 3
kcal/°C/day respectively, p=0.45). Overweight individuals had higher basal metabolic rate (BMR)
explained mostly by the higher lean mass, and lower cold-induced thermogenesis (CIT) per degree of
cold exposure. Below thermoneutrality, energy expenditure did not scale to lean body mass.
Overweight subjects had lower heat loss per body surface area (44.7 = 1.3 vs 54.7 = 2.3
kcal/°C/m?/day, p<0.001). We conclude that larger body sizes possessed reduced LCT as explained by
higher BMR related to more lean mass rather than a change in whole-body conductance. Thus,
larger individuals with higher lean mass need to be exposed to colder temperatures to activate CIT,
not because of increased insulation, but because of a higher basal heat generation. Our study
suggests that the distinct effects of body size and composition on energy expenditure should be
taken in account when exploring the metabolism of humans exposed to cold.
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Highlights:

e Humans of larger body size need to be exposed to colder temperatures to activate heat
production.

¢ Fat mass has little contribution to whole-body cold insulation.

¢ Higher lean mass increases cold tolerance by increasing the basal metabolic rate.

¢ During cold exposure, lean mass does not define whole-body energy expenditure.
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