
Author’s Accepted Manuscript

Lower critical temperature and cold-induced
thermogenesis of lean and overweight humans are
inversely related to body mass and basal metabolic
rate

Kimberly J. Nahon, Mariëtte R. Boon, Fleur
Doornink, Ingrid M. Jazet, Patrick C.N. Rensen,
Gustavo Abreu-Vieira

PII: S0306-4565(17)30271-1
DOI: http://dx.doi.org/10.1016/j.jtherbio.2017.08.006
Reference: TB1975

To appear in: Journal of Thermal Biology

Received date: 7 July 2017
Revised date: 1 August 2017
Accepted date: 9 August 2017

Cite this article as: Kimberly J. Nahon, Mariëtte R. Boon, Fleur Doornink, Ingrid
M. Jazet, Patrick C.N. Rensen and Gustavo Abreu-Vieira, Lower critical
temperature and cold-induced thermogenesis of lean and overweight humans are
inversely related to body mass and basal metabolic rate, Journal of Thermal
Biology, http://dx.doi.org/10.1016/j.jtherbio.2017.08.006

This is a PDF file of an unedited manuscript that has been accepted for
publication. As a service to our customers we are providing this early version of
the manuscript. The manuscript will undergo copyediting, typesetting, and
review of the resulting galley proof before it is published in its final citable form.
Please note that during the production process errors may be discovered which
could affect the content, and all legal disclaimers that apply to the journal pertain.

www.elsevier.com/locate/jtherbio

http://www.elsevier.com/locate/jtherbio
http://dx.doi.org/10.1016/j.jtherbio.2017.08.006
http://dx.doi.org/10.1016/j.jtherbio.2017.08.006


1 
 

Lower critical temperature and cold-induced thermogenesis of lean and overweight 

humans are inversely related to body mass and basal metabolic rate 

 

Kimberly J. Nahon1, Mariëtte R. Boon1, Fleur Doornink1, Ingrid M. Jazet1, Patrick C. N. Rensen1, 

Gustavo Abreu-Vieira1# 

 
1Department of Medicine, Division of Endocrinology and Einthoven Laboratory for Experimental 

Vascular Medicine, Leiden University Medical Center, Albinusdreef 2, 2333 ZA Leiden, the 

Netherlands. 

 

#Corresponding author, g.de_abreu_vieira@lumc.nl 

 

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/m2/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:  

•  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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