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Inter-individual variation in BAT 

Metabolically active brown adipose tissue (BAT) in human adults was detected using a medical image 
technique and suggested that BAT has a significant role for body temperature regulation and metabolic 
health (Saito et al. 2009). Uncoupling protein 1 (UCP1) on the mitochondrial inner membrane in BAT 
regulates non-shivering thermogenesis (NST). There are population differences in the BAT activity. The 
Caucasian participants have greater amount of BAT than south Asian counterparts who born in the same 
country (Bakker et al. 2014). NST during mild cold exposure shows variation among genotypes of UCP1. 
The population frequency of the UCP1 genotype with the highest NST is correlated with living latitude and 
annual temperatures (Nishimura et al. 2017).  

 

Non-shivering and shivering thermogenesis 

Cold-induced thermogenesis (CIT) is categorized into NST and shivering thermogenesis. During cold 
exposure, individuals with less amount of BAT show less NST and results in more reduction in core body 
temperature. The lower core temperature in individuals with less BAT induces earlier shivering onset for 
offsetting the less NST (Wakabayashi et al. 2020). This might indicate an indirect correlation between 
different thermo-effectors (BAT and skeletal muscle).  

 

Intra-individual variation in BAT 

Seasonal variation in BAT activity, that is higher in winter than in summer, was recently investigated and 
became well known (Saito et al. 2009). The increase in BAT-mediated NST would explain the mechanisms 
of metabolic acclimatization, that is characterized by increased thermogenesis and one of the primary types 
of cold acclimatization. Circadian variations in NST, diet-induced thermogenesis (DIT) and BAT activity 
are recently investigated. This would be one of the mechanisms for explaining the causal relationship 
between disorder eating habits and metabolic disease.  

 

Questions 

1. What are the potential cause and factors for the population difference in BAT activity? 
2. How do individuals with less BAT activity maintain their core body temperature in cold? What are 

thermoregulatory responses and thermo-effectors for offsetting less BAT-mediated NST? 
3. Which is higher in human BAT activity, NST and DIT in the morning or at night? 
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