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Introduction 
Over the past few decades there has been an upsurge in the development of monitoring devices 
that estimate levels of thermal strain non-invasively. However, developing a non-invasive 

monitoring device that estimates body core temperature (Tc) with a certain level of accuracy that 

is satisfactory over multiple heat stress scenarios and a wide range of body core temperatures has 
been shown to be a difficult task [1]. The aim of this study was to investigate the potential of using 

a combination of simple non-invasive measures to estimate rectal temperature (Tre) (used as a 

reference for Tc) over multiple types of heat stress scenarios within a varied population.  

Method 
A model that estimated Tre was developed and validated using a dataset that includes 35 
participants (male = 19 and female = 16) and nine different environmental conditions. Each 

condition involved two continuous or intermittent 40-60 minute periods of treadmill walking in 

the heat (25°C-40°C, 20%-85% relative humidity [RH]), separated by a 20 minute seated rest in 

22°C, 50% RH. Local skin temperature (11 sites), Tre, insulated skin temperature of the lower neck 
(Tis), clothing microclimate temperature and RH, heart rate (HR), HR variability and breathing 

frequency were measured. The accuracy and practical implication of any prediction error was 

assessed using multiple linear regression, Bland and Altman charts and limits of agreement (LOA). 
The model was validated using an adapted version of the leave-out-one cross validation method. A 

root mean square deviation (rmsd) of 0.2°C was defined as an acceptable level of error. The study 

was approved by the Loughborough University Ethics Committee. 

Results and Discussion 
The rmsd and LOA of the model over the nine conditions was 0.25°C and ± 0.51°C, respectively. 
Between the nine conditions the rmsd ranged between 0.16°C to 0.31°C.  A higher proportion of 

negative errors occurred as Tre increased and several estimates had an error of ± 1.0°C. Thirty 

percent of Tre's above 38.5°C were estimated less than 38.5°C.  

Conclusion 
These results illustrate that using a universal model to accurately estimate Tc over multiple 

conditions at high Tre's (i.e. >38.5°C) is not suitable, despite having a large number of predictors. 
Future models may require equations designed specifically for certain types of environmental 

conditions and/or high Tre’s. 
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