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PREFACE 

This thesis for the degree of Doctor of Philosophy is in the format of Thesis by 

compilation and abides by the ‘Procedures for Presentation and Submission of Theses for 

Higher Degrees – University of Technology Sydney; Policies and Directions of the 

University’.  

 

From the research design and data collection by the candidate, three manuscripts have 

been accepted and published to peer reviewed journals, with a fourth paper submitted and 

under review. These papers are brought together by an introduction, which provides 

background information, research problem, as well as the purpose and significance of 

each of the four studies. A literature review provides an overview of how heat and 

hypoxia influence physiological and performance outcomes. The manuscripts are then 

presented in a logical sequence following the development of research ideas within this 

thesis. Each manuscript has a similar outline of introduction, methods, results, discussion, 

practical applications, and conclusion. All studies are combined into a discussion chapter, 

which integrates the collective findings and limitations. This thesis finishes with an 

overall conclusion, practical applications, an overview of the impact of thesis findings, 

and directions for future research.  
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ABSTRACT 

Endurance athletes commonly incorporate repeated exposure to either heat or hypoxia 

into their training program, due to its ability to improve physiological and performance 

outcomes.  However, there is limited understanding of whether the combined effects of 

both stimuli together can provide even further benefits above either environment alone.  

Accordingly, this thesis aimed to assess the effectiveness of incorporating heat and 

hypoxia across a training block to enhance physiological adaptations and performance in 

endurance athletes. 

 

Study one assessed the temperate performance and physiological changes following a 

three-week overload period of combined heat and ‘Live High, Train Low’ (LHTL) 

hypoxia.  While the combined stimuli induced physiological adaptations, it did not 

transfer to improved 3-km time-trial running performance with the only performance 

improvements observed following independent heat training.  

 

Study two further investigated the physiological outcomes of combined heat and LHTL, 

and assessed multiple thermal, cardiovascular, cellular, and perceptual adaptations during 

submaximal exercise in the heat.  Combined heat and LHTL impaired many heat related 

adaptations relative to the heat only group, indicating that the addition of LHTL provided 

no greater physiological benefit during exercise in a hot environment.  

 

Following from the findings of study one and two, study three and four assessed the 

performance and physiological outcomes when heat was applied concurrently with IHT.  

Specifically, study three evaluated changes in 20-km cycling time-trial performance in 

both temperate and the participant’s assigned environmental condition following three 

weeks of training in either concurrent heat and IHT, independent heat or a temperate 

environment.  Performance was improved in all groups to a similar extent regardless of 

the type of environment. 

 

In the fourth and final study, the thermal, cardiovascular, and selected cellular responses 

following three weeks of training in heat and IHT were assessed.  When compared to 

completing the same training in either independent heat or temperate environments, 
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concurrent heat and IHT provided some advantages above temperate training, but no 

further benefit above heat training alone. 

 

Taken collectively, the present findings show the additive stimuli of combining heat and 

hypoxia does not directly transfer to improved endurance performance.  While 

physiological adaptations were induced when both LHTL and IHT were applied with heat 

training, it did not provide clear benefits above independent heat training alone.  
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