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Climate	change	has	emerged	as	a	major	global	challenge	with	profound	implications	for	human	health,	physical	
performance,	 and	 sports	 participation.	 Rising	 global	 temperatures,	 increased	 frequency	 of	 heat	waves,	 altered	
humidity	patterns,	and	extreme	weather	events	signi�icantly	affect	exercise	capacity	and	athletic	performance	across	
recreational,	 competitive,	 and	 occupational	 settings.	 Heat	 stress	 associated	 with	 climate	 change	 imposes	
physiological	 strain	 on	 thermoregulation,	 cardiovascular	 function,	 hydration	 balance,	 and	metabolic	 processes,	
thereby	 increasing	 the	 risk	 of	 heat-related	 illnesses	 and	 reduced	 physical	 ef�iciency.	 Athletes,	 outdoor	workers,	
military	personnel,	and	physically	active	populations	are	particularly	vulnerable	to	environmental	heat	exposure	
during	training	and	competition.	This	review	examines	the	effects	of	climate	change	and	heat	stress	on	physical	
performance,	exercise	tolerance,	sports	participation,	and	athlete	health	while	discussing	physiological	mechanisms,	
vulnerable	populations,	adaptation	strategies,	and	future	recommendations	for	safe	physical	activity	in	warming	
environments.
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1.	Introduction
Climate change is increasingly recognized as one of the most signi�icant environmental and public health 
challenges of the twenty-�irst century. Global warming resulting from increased greenhouse gas emissions has 
contributed to rising ambient temperatures, frequent heat waves, altered rainfall patterns, and extreme climatic 
conditions worldwide [1]. These environmental changes have substantial implications for human health, 
occupational safety, and physical activity participation.
Physical performance and exercise capacity are strongly in�luenced by environmental conditions, particularly 
temperature and humidity [2]. Exercise performed under hot and humid conditions imposes additional 
physiological stress on the body, impairing thermoregulation and increasing cardiovascular strain. Athletes and 
physically active individuals are especially vulnerable because intense physical activity generates substantial 
metabolic heat that must be dissipated effectively to maintain optimal performance and prevent heat-related 
disorders. Sports participation, especially outdoor sports and endurance events, is increasingly affected by 
climate-related heat exposure. Elevated environmental temperatures can reduce exercise tolerance, impair 
cognitive function, increase fatigue, and elevate the risk of dehydration, heat exhaustion, and heat stroke [3]. 
Consequently, understanding the relationship between climate change, heat stress, and physical performance is 
essential for developing effective adaptation and prevention strategies in sports and exercise settings.

Table	1:	Physiological	Effects	of	Heat	Stress	on	Exercise	Performance

Table	2:	Strategies	for	Managing	Heat	Stress	in	Sports	and	Exercise
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2.	Climate	Change	and	Rising	Global	
Temperatures
Climate change refers to long-term alterations in 
global weather patterns primarily driven by 
anthropogenic activities such as fossil  fuel 
combustion, deforestation, industrialization, and 
urbanizat ion .  Increased concentrat ions  of 
greenhouse gases including carbon dioxide, methane, 
and nitrous oxide contribute to global warming by 
trapping heat within the Earth's atmosphere. Rising 
global temperatures have resulted in more frequent 
and prolonged heat waves across many regions of the 
world. Urban environments are particularly affected 
due to the urban heat island effect, where concrete 
surfaces, limited vegetation, and industrial activities 
increase local temperatures [4]. These climatic 
changes signi�icantly in�luence outdoor physical 
activities, athletic training, and sports competitions. 
Increased environmental heat exposure has become a 
growing concern for athletes participating in 
endurance sports, team sports, and outdoor 
recreational activities. Major sporting events are 
increasingly conducted under extreme thermal 
conditions that challenge athlete safety, performance, 
and recovery capacity.

3.	Physiology	of	Heat	Stress	During	Exercise
Heat stress occurs when the body's ability to dissipate 
heat becomes insuf�icient to maintain normal body 
temperature. During physical activity, skeletal 
muscles generate substantial metabolic heat that 
elevates core body temperature. Under hot and 
humid environmental conditions, heat dissipation 
through sweating and skin blood �low becomes less 
ef�icient, increasing thermal strain on the body.
The human thermoregulatory system maintains 
temperature balance through physiological 
mechanisms such as sweating, vasodilation, and 
increased skin circulation [5]. However, excessive 
environmental heat and humidity impair evaporative 
cooling, resulting in progressive increases in core 
temperature and cardiovascular workload. Exercise 
in hot environments increases heart rate, sweat 
production, �luid loss, and electrolyte depletion. 
Dehydration further reduces plasma volume, impairs 
cardiovascular function, and limits heat dissipation 
ef�iciency. Elevated body temperature also affects 
central  nervous system function,  muscular 
endurance, metabolic ef�iciency, and cognitive 
performance, contributing to early fatigue and 
reduced exercise capacity. Severe heat stress may lead 
to heat-related illnesses such as heat cramps, heat 
exhaustion, exertional heat stroke, and multi-organ 
dysfunction. Exertional heat stroke represents a life-
threatening medical emergency characterized by 
extreme hyperthermia and neurological impairment 
requiring immediate intervention.

4.	Impact	of	Heat	Stress	on	Physical	Performance
Heat  s tress  s igni � icant ly  impairs  physica l 
performance across various forms of exercise and 
sports participation. Endurance activities are 
particularly affected because prolonged exercise 
under high temperatures increases physiological 
strain and accelerates fatigue development.

Elevated environmental temperatures reduce aerobic 
capacity, muscular endurance, and exercise tolerance 
by increasing cardiovascular demand and metabolic 
stress. Athletes often experience reduced maximal 
oxygen uptake, impaired muscle function, decreased 
power output, and slower recovery under heat stress 
conditions [6].  Dehydration and electrolyte 
imbalance further compromise physical ef�iciency 
and neuromuscular coordination.  Cognitive 
performance is also adversely affected by heat 
exposure. Decision-making ability, reaction time, 
concentration, and motor coordination may decline 
during exercise in hot environments, increasing the 
risk of errors and injuries during sports participation. 
Team sports requiring rapid tactical decisions and 
sustained attention are especially vulnerable to 
cognitive impairment associated with thermal stress. 
High environmental temperatures may also reduce 
training quality and participation rates among 
recreational exercisers and physically active 
populations. Fear of heat-related illness, discomfort, 
and fatigue often discourage regular physical activity 
during extreme weather conditions.

5.	Heat	Stress	and	Sports	Participation
Climate-related heat stress has increasingly 
in�luenced sports scheduling, training practices, and 
athlete safety protocols worldwide. Outdoor sports 
such as football, cricket, tennis, marathon running, 
cycling, and athletics are particularly vulnerable to 
high-temperature conditions. Heat exposure during 
competitions may impair athletic performance and 
increase medical emergencies among athletes and 
spectators. International sporting organizations have 
therefore introduced heat management guidelines, 
hydration strategies, and environmental monitoring 
systems to reduce health risks during sporting events. 
Youth athletes, elderly individuals, and recreational 
exercisers may be especially vulnerable to heat-
related complicat ions due to  immature or 
compromised thermoregulatory capacity. Female 
athletes may also experience unique physiological 
responses to heat  depending on hormonal 
�luctuations and hydration status [7]. Climate change 
additionally affects accessibility and sustainability of 
sports participation. Extreme temperatures, poor air 
quality, and environmental degradation may reduce 
opportunities for outdoor recreation and physical 
activity, particularly in vulnerable communities 
lacking climate-adaptive infrastructure.

6.	Heat-Related	Illnesses	in	Athletes
Heat-related illnesses represent a spectrum of 
disorders ranging from mild thermal discomfort to 
life-threatening medical emergencies. Common heat-
related conditions include heat cramps, heat syncope, 
heat exhaustion, and exertional heat stroke. Heat 
cramps involve painful muscular contractions 
resulting from excessive sweating and electrolyte 
loss. Heat exhaustion is characterized by fatigue, 
dizziness, dehydration, nausea, weakness, and 
elevated body temperature due to prolonged heat 
exposure and cardiovascular strain. Exertional heat 
stroke is the most severe form of heat-related illness 
and occurs when core body temperature rises above 
critical levels, leading to neurological dysfunction, 
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organ damage, and potential mortality [8]. Rapid 
cooling and emergency medical intervention are 
essential for survival and prevention of long-term 
complications. Risk factors for heat-related illnesses 
include dehydration, inadequate acclimatization, 
high humidity, obesity, poor �itness, excessive 
clothing, and pre-existing medical conditions. 
Preventive strategies are therefore essential for 
protecting athlete health during exercise in hot 
environments.

7.	Heat	Acclimatization	and	Adaptation	Strategies
Heat acclimatization refers to physiological 
adaptations that improve tolerance to exercise in hot 
environments. Repeated exposure to heat combined 
with structured physical  activity enhances 
t h e r m o re g u l a t o r y  e f � i c i e n c y  a n d  re d u c e s 
physiological  s train  during  exercise .  Heat 
acclimatization improves sweat rate, plasma volume 
expansion, cardiovascular stability, electrolyte 
conservat ion,  and thermal  comfort .  These 
adaptations contribute to lower core temperature, 
reduced heart  rate,  and improved exercise 
performance under heat stress conditions. Hydration 
management is another critical adaptation strategy 
[2]. Adequate �luid and electrolyte replacement 
before, during, and after exercise helps maintain 
cardiovascular function and thermoregulation. 
Sports drinks containing sodium and carbohydrates 
may assist in preventing dehydration and electrolyte 
imbalance during prolonged exercise. Additional 
preventive measures include scheduling exercise 
during cooler periods of the day, wearing lightweight 
breathable clothing, using cooling strategies such as 
ice towels and cooling vests, and monitoring 
environmental heat indices. Individualized heat 
management plans are especially important for high-
risk athletes and outdoor workers.

8.	 Vulnerable	 Populations	 and	 Public	 Health	
Concerns
Certain populations are particularly vulnerable to the 
effects of climate-related heat stress on physical 
activity and exercise performance. Children and 
adolescents possess immature thermoregulatory 
systems and may have limited awareness of heat-
related symptoms. Elderly individuals often exhibit 
reduced sweating capacity, impaired cardiovascular 
function, and decreased heat tolerance. Athletes with 
chronic medical conditions such as cardiovascular 
disease, asthma, diabetes, or obesity face elevated 
risk of heat-related complications [9]. Occupational 
groups engaged in physically demanding outdoor 
work are also highly susceptible to thermal stress and 
dehydration. Socioeconomic inequalities further 
in�luence vulnerability to climate-related heat 
exposure. Limited access to cooling facilities, 
hydration resources, healthcare services, and safe 
recreational environments disproportionately affects 
low-income populations. Consequently, climate 
change represents both an environmental and social 
determinant of health and physical activity 
participation.

9.	Technological	and	Environmental	Approaches	
in	Heat	Management
Recent technological advancements have improved 
heat monitoring and athlete safety in sports 
environments.  Wearable sensors capable of 
monitoring body temperature, heart rate, hydration 
status, and environmental conditions provide real-
time physiological data during training and 
competition. Environmental heat indices such as Wet 
Bulb Globe Temperature (WBGT) are widely used to 
assess heat stress risk and guide sports scheduling 
decisions. Arti�icial cooling technologies, climate-
controlled training facilities, and advanced hydration 
systems further assist in minimizing heat-related 
performance impairments. Sports governing bodies 
increasingly implement environmental policies, 
emergency action plans, and medical protocols aimed 
at protecting athletes from extreme heat exposure. 
Fu t u re  i n n ova t i o n s  i n  s p o r t s  s c i e n c e  a n d 
environmental engineering are expected to enhance 
heat adaptation and athlete safety strategies.

10.	Future	Perspectives	and	Recommendations
Climate change is expected to continue in�luencing 
sports participation, athlete health, and physical 
activity patterns worldwide. Future research should 
focus on understanding long-term physiological 
adaptation to environmental heat and identifying 
effective interventions for vulnerable populations. 
Sports organizations and policymakers should 
develop comprehensive heat management policies 
incorporating environmental monitoring, athlete 
education, emergency preparedness, and climate-
adaptive infrastructure. Schools, universities, and 
community sports programs should also implement 
educational initiatives regarding heat safety and 
hydration practices. Greater emphasis should be 
placed on sustainable urban planning, green 
recreational spaces, and climate-resilient sports 
faci l i t ies  to  support  safe  physical  act ivity 
participation. Interdisciplinary collaboration among 
climatologists, sports scientists, physiologists, 
healthcare professionals, and public health experts 
will be essential for addressing emerging climate-
re l a te d  c h a l l e n g e s  i n  s p o r t s  a n d  exe rc i s e 
environments.

11.	Conclusion
Climate change and heat stress signi�icantly affect 
physical performance, exercise capacity, and sports 
participation by imposing substantial physiological 
and psychological strain on the human body. Rising 
e n v i r o n m e n t a l  t e m p e r a t u r e s  i m p a i r 
thermoregulation, cardiovascular function, hydration 
balance, cognitive performance, and muscular 
ef�iciency, thereby reducing athletic performance and 
increasing the risk of heat-related illnesses.
Athletes and physically active individuals are 
i n c re a s i n g ly  ex p o s e d  t o  ex t re m e  t h e r m a l 
environments that challenge safe participation in 
sports and exercise activities. Heat acclimatization, 
hydration management, environmental monitoring, 
technological innovations, and evidence-based 
preventive strategies play critical roles in minimizing 
health risks and optimizing performance under heat 
stress conditions. 
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A s  g l o b a l  t e m p e ra t u re s  c o n t i n u e  t o  r i s e , 
comprehensive adaptation strategies and climate-
responsive sports policies will become increasingly 
important for protecting athlete health and 
promoting sustainable physical activity participation 
worldwide.
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Turner, Robert Csapo, Wolfgang Schobersberger, 
Martin Burtscher, Martin Faulhaber, and Michael 
D.  Ke n n e dy.  " P r a c t i c i n g  s p o r t  i n  c o l d 
environments: practical recommendations to 
improve sport performance and reduce negative 
health outcomes." International	 journal	 of	
environmental	research	and	public	health 18, no. 
18 (2021): 9700.

Dr. Sardar Boota Singh is af�iliated with the Department of 
Physical Education at Master Gurbanta Singh Memorial 
Janta College, Kartarpur, Jalandhar, India. His academic 
interests include sports science, physical education, athlete 
performance, and �itness studies. He is actively involved in 
teaching, research, and academic activities related to 
contemporary physical education and sports sciences

Dr.	Sardar	Boota	Singh

https://academicsociety.org/xe/
https://academicsociety.org/xe/
https://academicsociety.org/xe/

	Page 1
	Page 2
	Page 3
	Page 4

