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Summary

1. Optimal safety does not compromise but 
enhances productivity

2. Solutions are there but use them correctly

3. Heat stress can induce more than just heat 
injuries and performance degradation 



© Copyright National University of Singapore. All Rights Reserved. 



© Copyright National University of Singapore. All Rights Reserved. 

Climate + Clothing + Exercise

(Heat Stress)  
Heat Strain

Heat Stress and Heat Strain 

Solar RadiationRelative Humidity

Air Velocity Ambient 
Temperature

Clothing

Urban Heat 
Island effect

Body Core 
Temperature

Ambient 
Temperature

Relative Humidity

Air Velocity

Radiation from 
machinery

Clothing

Body Core 
Temperature

Muscle Contraction 
from High Power Output

Muscle Contraction 
from High Power Output



© Copyright National University of Singapore. All Rights Reserved. 

The Problem
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Solutions (Physiological)
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Dehydration following races in the tropics (n=2206)

46%

- Acute dehydration (>2% body mass loss) does not compromise health

Tan et al. (2016). Sports Med
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Lee et al. (2010). EJAP

Half marathon individual sweat rates (n=31)

(1) Physical fitness and heat acclimation status

(3) Exercise intensity 

(2) Amount and type of clothing worn

(4) Climatic conditions
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Individual plasma sodium concentration Pre and Post AHM Race
(n=31)
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Pre < Post: 31 (100%)

• Several were dehydrated but everyone was well
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Individual plasma sodium concentration Pre and Post RM (n=36)

Pre > Post: 28 (78%)
Pre < Post: 6 (17%)
Pre = Post: 2 (5%)

• No dehydration post RM (Na+ ≥ 145 mmol/L) but 

several were hyponatremic
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Excessive heat stress can result in many 

less visible impacts

C Sorensen et al. BMJ 2022;378:bmj-2022-070762

©2022 by British Medical Journal Publishing Group
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Participants perceived the same risky behaviours to be less risky after 
heat exposure

Beyond its direct impact on heat-related illnesses, heat exposure 
can increase accidents and injuries

Heat increases risk taking
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https://www.heatsafe.org

https://www.heatsafe.org/


© Copyright National University of Singapore. All Rights Reserved. 

Global Climate Report 2020, NOAA

WARNING!



© Copyright National University of Singapore. All Rights Reserved. 

Summary

1. Optimal safety does not compromise but 
enhances productivity

2. Solutions are there but use them correctly

3. Heat stress can induce more than just heat 
injuries and performance degradation 



© Copyright National University of Singapore. All Rights Reserved. 



© Copyright National University of Singapore. All Rights Reserved. 24

Thank You


