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Abstract: 
The global rise in temperatures due to climate change has led to record-breaking heat events, with 2024 identified 
as the hottest year globally by the World Meteorological Organization. For the first time, the global average 
temperature surpassed 1.5°C above pre-industrial levels. Extreme temperature events are associated with a rise in 
mortality, particularly from cardiovascular and respiratory conditions, although heat-related deaths are often 
underreported due to challenges in establishing direct causality. Vulnerable groups including infants, the elderly, 
and individuals with chronic illnesses are disproportionately affected. This narrative review compiles current 
epidemiological findings and health impact assessments to provide a comprehensive understanding of how heat 
affects public health and to inform strategies for effective intervention and risk reduction. 
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Introduction

Our world is experiencing rise in temperature due to 
climate change. The year 2024 has been recorded as 
the warmest year by the World Meteorological 
Organization and it was the first time that the global 
average temperature rose above 1.5°C compared to 
pre-industrial times (a limit highlighted in the Paris 
Agreement to help minimize the dangers and effects 
of climate change).[1] As per the Indian 
Meteorological Department, the average annual land 
surface air temperature across India in 2024 was 
0.65°C higher than the long-term average for the 
period 1991–2020. This made 2024 the hottest year 
since national records began in 1901, exceeding the 
previous record set in 2016, which had a temperature 
anomaly of +0.54°C. [2]  

The Indian Meteorological Department (IMD) has 
provided criteria for Heat Waves. Temperature rise 
of 5°C to 6°C in areas with maximum normal 
temperature of 40°C indicates moderate heat wave, 
whereas an increase of 7°C or more indicates severe 
heat wave. Temperature rise in areas with normal 
maximum temperatures exceeding 40°C, an increase 
of 3°C–4°C and ≥ 5°C indicates a severe heat wave 
respectively. If the maximum temperature of a 

region exceeds 45°C for two consecutive days it is 
also declared as heat wave. [3]  

Temperatures above normal averages and heat 
waves are reported to be linked with high 
mortality.[4] It is difficult to establish the etiological 
link between heat exposure and mortality, and 
therefore heat related deaths are underestimated. 
[5,6] Heat exposure can aggravate medical 
conditions other than heat-stroke and hyperthermia. 
Heat waves are commonly documented as a 
contributing factor to deaths caused by 
cardiovascular and respiratory conditions.[7] 

Though regarded as the dangerous natural hazard, 
mortality due to heatwaves are not immediately 
known. (Heatwaves, WHO). Children under one 
year of age, elderly population (>65 years of age) 
year and people with cardiopulmonary and other 
chronic diseases are reported to be more vulnerable 
to the effects of heat, irrespective of socio-economic 
status and geographical locations. [8-12]   

Understanding the effects of hot weather on health, 
as well as the strategies available to mitigate these 
effects, is essential for planning and implementing 
effective public health interventions. This narrative 
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review aims to synthesize evidence from 
epidemiological research and health impact 
assessments to present a comprehensive overview of 
effects of heat on public health. 

Thermoregulation: Human body maintains 
temperature through behavioral and autonomic 
mechanisms, which includes vasodilation and 
sweating. The central nervous system's primary 
temperature sensor is the preoptic nucleus of the 
anterior hypothalamus. By responding to hypo- or 
hyperthermic situations by delivering excitatory and 
inhibitory signals to various brain regions, the 
anterior hypothalamic preoptic nucleus maintains 
the core body temperature at 37°C. [13]  

Heat generation due to endogenous metabolic 
activity and from environment (exogenous) 
contributes to the total heat load that needs to be 
managed. Greater levels of humidity worsen the 
difficulties in heat dissipation. If human body’s 
thermoregulatory system overloaded by high heat 
levels by external heat, endogenous heat, or both, a 
range of heat-related disorders can arise. These 
ailments vary from mild non-life threatening (heat 
exhaustion, heat syncope, heat edema, heat cramps, 
and heat rash) to fatal heat strokes.[14] The range of 
41.6°C to 42.0°C has been documented as the 
maximum core body temperature that human can 
tolerat. [15]  

Heat strokes usually results from abnormal 
physiological processes like inability to release 
excessive body heat, which encompasses a reduction 
in central venous pressure, the emergence of cellular 
and organ malfunction, damage to the 
gastrointestinal tract and subsequent endotoxemia, 
activation of a systemic inflammatory response, and 
increase in the core body temperature.[16] Study 
reports have documented that high temperature 
aggravates conditions like ischemic heart disease, 
cardiac dysrhythmias, ischemic stroke, asthma and 
chronic obstructive pulmonary disease, respiratory 
tract infections, hyperglycemia, kidney failure, 
neuropsychiatric disorders (e.g., psychosis, suicides, 
homicides, anxiety, and depression), and adverse 
birth outcomes, such as preterm delivery and small-
for-gestational-age infants. [17-20] 

Spectrum of Heat-Related Illness 

Mild Illness 

Heat syncope: Vasodilation and blood pooling in 
the limbs as a result of the body's physiological 
reaction to heat exposure cause a brief loss of 
consciousness. The first attempt to dissipate heat in 
a hot environment is peripheral dilatation, which 
increases blood flow to the skin and can lower blood 
pressure and, consequently, brain perfusion. Heat 
syncope can result from dehydration and a low blood 
flow to the brain.[21] 

Heat edema: Swelling of limbs due to interstitial 
pooling and peripheral vasodilation as a result of the 
body's compensatory reaction to heat exposure. 
After removing patients from heat, elevation of 
affected limbs will reduce swelling. [6,22] 

Heat cramps: Excessive salt loss from perspiration 
from physical effort frequently results in painful 
muscular spasms in the arms, legs, or abdomen 
during or after activities in the hot environment. 
Tachycardia and a raised body temperature usually 
accompany heat cramps. Patient treated with oral 
electrolytes, and fluid replacement after removing 
them from the heat.[23] 

Heat rash: Sweat gland obstruction causes an 
inflammatory condition of the epidermis, which may 
be followed by a bacterial soft-tissue infection. 
Application of glucocorticoids and antibacterial 
creams on the affected part. Patients should be 
advised to wear loose clothing and to stay away from 
hot areas. [24-26] 

Moderate Illness: 

Heat exhaustion: Heat exhaustion is the 
commonest type of HRI, presenting with extreme 
fatigue, weakness, nausea, headache, or dizziness 
resulting from reduction in blood volume or body 
water content as a result of heat exposure-induced 
salt or water depletion. Elevation in core body 
temperature (38°C to 40°C) may be present in heat 
exhaustion.[22] Treatment includes, moving the 
patient from hot to cooler area, intravenous or oral 
rehydration and maintaining electrolyte balance.[27] 

Severe Illness: 

Heat stroke: Acute heat stroke is a potentially fatal 
condition marked by central nervous system 
dysfunction and a core body temperature increase of 
more than 40°C.[28] Given the pathophysiology of 
thermoregulation, heat stroke is typified by 
hyperthermia, which triggers a series of 
inflammatory modulators that result in 
encephalopathy and multiorgan failure.[29] Heat 
stroke is differentiated into classic and exertional. 
Classic heat stroke mainly occurs due to extrinsic 
factors and common among older persons and young 
children with impaired behavioral and physiological 
compensatory reactions to heat exposure.[30] The 
most common cause of exertional heat stroke in 
healthy individuals is excessive metabolic heat 
generation brought on by intense physical activity, 
which frequently but not always happens in 
conjunction with concurrent exposure to ambient 
heat.[31] After on-site cooling is completed, move 
the patient to a cool location, control breathing, 
circulation, and airway; provide rapid cooling using 
cold water; give intravenous rehydration; and 
transport to the emergency room[Table-1].[24-26]
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Table 1: Heat related illnesses and their management approaches [14]. 
Heat Related Illness Description Management 
Heat Syncope Heat-induced vasodilation and 

blood pooling in the limbs can 
cause temporary loss of 
consciousness 

The first attempt to dissipate heat 
in a hot environment is peripheral 
dilatation, which increases blood 
flow to the skin and can lower 
blood pressure and, consequently, 
brain perfusion. 

Heat edema Swelling of limbs due to interstitial 
pooling and peripheral 
vasodilation as a result of the 
body's compensatory reaction to 
heat exposure 

After removing patients from heat, 
elevation of affected limbs will 
reduce swelling. Diuretic agents 
are not indicated. 

Heat cramps Excessive salt loss from 
perspiration from physical effort 
frequently results in painful 
muscular spasms in the arms, legs, 
or abdomen during or after 
activities in the hot environment. 
Tachycardia and a raised body 
temperature usually accompany 
heat cramps. 

Remove patient from heat, treat 
with rest, oral electrolytes, and 
fluid repletion. 

Heat rash Sweat gland obstruction causes an 
inflammatory condition of the 
epidermis, which may be followed 
by a bacterial soft-tissue infection. 

Application of glucocorticoids and 
antibacterial creams on the affected 
part. Patients should be advised to 
wear loose clothing and to stay 
away from hot areas. 

Heat exhaustion Extreme fatigue, weakness, 
nausea, headache, or dizziness 
resulting from reduction in blood 
volume or body water content as a 
result of heat exposure-induced salt 
or water depletion. Elevation in 
core body temperature (38°C to 
40°C) may be present in heat 
exhaustion. 

Treatment includes, moving the 
patient from hot to cooler area, 
intravenous or oral rehydration and 
maintaining electrolyte balance. 

Heat stroke Fatal condition marked by CNS 
dysfunction and a core body 
temperature increase of more than 
40°C. 
Classic heat stroke mainly occurs 
due to extrinsic factors and 
common among older persons and 
young children with impaired 
behavioral and physiological 
compensatory reactions to heat 
exposure. 
Exertional heat stroke occurs in 
healthy individuals due to 
excessive metabolic heat 
generation brought on by intense 
physical activity, which frequently 
but not always happens in 
conjunction with concurrent 
exposure to ambient heat. 

After on-site cooling is completed, 
move the patient to a cool location, 
control breathing, circulation, and 
airway; provide rapid cooling 
using cold water; give intravenous 
rehydration; and transport to the 
emergency room. 

Factors Affecting Morbidity and Mortality of 
Heat Related Illness: 

Age and Gender: The elderly are more vulnerable 
to the effects of heat because aging has been linked 
to negative changes in the thermoregulatory system. 
An increase in cardiac output is necessary for heat 
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dissipation from the body surface in a hot 
environment, but aging has been linked to a decrease 
in cardiac output.[32] Similarly, children are more 
vulnerable to heat related illness due to limited 
thermoregulation.[33]  Age affects how the 
thermoregulatory system develops.[14,34] Extreme 
heat is linked to increased infant mortality, 
especially among newborns.[8] Infants, especially 
newborns, experience higher death rates during 
periods of extreme heat. This increased vulnerability 
is linked to the ongoing maturation of their 
thermoregulatory systems. Their physical 
characteristics, including higher body surface area-
to-volume ratio results in increased body heat loss to 
the environment than children and adults, make 
them more susceptible to heat stress and 
hyperthermia. [35-37] 

Both males and females are susceptible to heat-
related illness, and various physiological factors like 
differences in sweat rates and body composition 
between sexes influences the susceptibility. [14,38]. 
Age and occupational exposures further contribute 
to vulnerability, with older women and those in 
certain work environments, especially outdoor or 
climate-sensitive jobs facing heightened risk. 
[39,40] Study reports from the United Kingdom 
suggests that high temperatures and heat waves pose 
an elevated mortality risk, particularly for older 
women. [33,39, 41,42] 

Physiological factors: Controlling the rise in core 
temperature requires physiological heat stress 
responses, which can vary from person to person. 
People with pre-existing health issues have adverse 
consequences than healthy individual. 

Cardiovascular disease: Cutaneous vasodilation 
causes blood to be redistributed and flow more 
freely to the skin, which raises cardiac demand and 
lowers filling pressure of heart. These reactions 
make heart to pump more intensely thereby raising 
the oxygen requirements of coronary tissue. [43,44]. 
In individuals with existing heart conditions, this 
reaction may cause an imbalance between the heart's 
elevated need for oxygen and its reduced ability to 
supply it. A prolonged imbalance can result in 
cardiac ischemia, heart attack, and eventually, 
cardiovascular failure.[45]  

The increased cardiovascular strain caused by heat 
stress is a major health risk during extreme heat, as 
more elderly individuals die from heart-related 
events than from almost all other heat-related causes 
combined.[46] Moreover, excessive sweating can 
cause dehydration if lost fluids aren't properly 
replaced. This reduction in body water lowers blood 
volume, intensifying cardiovascular strain [47] and 
potentially leading to acute kidney injury or failure. 
[48,49] 

Long-term dehydration may result in kidney fibrosis 
and chronic kidney disease, posing a serious risk for 

outdoor workers in areas like India, and similar 
regions.[50] This condition can aggravate existing 
cardiovascular disease [50] and is more frequently 
observed during or after periods of extreme heat.[51] 

Respiratory diseases: Lung damage caused by 
heat, such as pulmonary edema and acute respiratory 
distress syndrome (ARDS) along with a high 
prevalence of pre-existing respiratory conditions 
[52], increased breathing strain from heat-induced 
hyperventilation [53], and higher air pollution levels 
during heatwaves [54], collectively account for the 
second leading cause of illness and death during heat 
waves, following cardiovascular disease. 

Because heat-related injuries stem from multiple 
sources, they can remain dangerous even after the 
body is cooled back to normal temperatures. [14,55] 
Likewise, while most heat-related hospitalizations 
happen within the first 24 hours of exposure, 
cognitive [56] and organ impairments can last for 
years, leaving affected individuals with a two to 
three times higher risk of death for decades after the 
initial injury.[57] 

Medications: Anticholinergic medications can limit 
the body's ability to sweat, increasing the risk of 
overheating during exercise or in hot environments. 
Antipsychotics like phenothiazines influence the 
central nervous system in multiple ways, including 
impairing temperature regulation and mimicking 
anticholinergic effects. Drugs such as thioxanthenes 
can disrupt thermoregulation by blocking dopamine 
receptors, which may elevate the thermoregulatory 
center’s temperature set point and reduce the body’s 
ability to manage heat effectively. During 
heatwaves, individuals with psychotic disorders or 
those using antipsychotic medications are especially 
vulnerable to heat-related illnesses, similar to the 
risks faced by children and the elderly. This 
heightened risk is due to both the pharmacological 
effects on temperature control and potential 
behavioral factors.[58] 

Socio-economic status: Studies from United 
Kingdom has not shown any association between 
socio-economic status and greater vulnerability to 
heat or heatwaves, [39,59] whereas study reports 
from North America have documented association 
with socio-economic status. [60,61] Socioeconomic 
factors also influence housing quality and access to 
air conditioning. 

Occupation: A review report on the occupational 
health effects of heat exposure, which incorporated 
data from various countries, revealed that manual 
laborers working in extremely hot conditions 
particularly in tropical low- and middle-income 
nations face a heightened risk.[62] Occupations 
considered to be at risk included farming, 
construction, firefighting, manufacturing jobs 
involving heat exposure, and military service.[63]  A 
review report from United States documented that, 
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between, between 2000 and 2010, 359 work-related 
deaths caused by heat exposure, resulting in an 
average annual death rate of 0.22 per million 
workers. The individuals at highest risk were men 
and those employed in agriculture and 
construction.[64] (Gubernot et al., 2015).  

Limited control over their surroundings and tasks 
makes it challenging for outdoor workers to manage 
heat stress effectively.[65]. As per the data from the 
Center for Disease Control and Prevention, crop 
workers are nearly 20 times more prone to heat 
stroke related death than general U.S. civilian 
workers. Most fatalities fall in the age group of 30 to 
50 years.[66] Several factors increase the risk of 
heat-related illness among outdoor workers, 
including direct heat exposure, intense physical 
labor, insulating protective gear, and concerns over 
job security.[67] 

Constructed Environment: The term constructed 
environment or built environment describes the 
physical elements of our living and working spaces, 
such as buildings, roads, public urban areas, and 
infrastructure. Urbanisation changes the local 
microclimate by influencing how heat, moisture, 
radiation, and air flow interact, ultimately affecting 
the urban areas where people reside and carry out 
their activities. [37,68] Urban growth leads to a 
phenomenon called urban heat islands, causing 
cities to generally experience higher temperatures 
than surrounding rural regions. This phenomenon is 
especially noticeable at night due to the release of 
heat accumulated during the day and becomes more 
severe as cities expand and population density 
rises.[68]  

Urban temperatures are elevated due to human-
generated heat from sources such as vehicle traffic, 
energy waste from buildings, and to a lesser extent, 
body heat from people. Anthropogenic heat flux is 
typically estimated using city energy consumption 
patterns, calculated by multiplying average per 
capita energy use by the urban population density. 
Greater use of air conditioning increases the release 
of human-generated heat into the urban 
environment, creating a self-reinforcing cycle that 
further raises city temperatures. [37,69] 

Preventive Measures: Approaches to preventing 
heat-related illness are primarily based on clinical 
practice and observational evidence. This evidence 
highlights the value of risk screening and behavioral 
interventions, especially when directed toward 
vulnerable individuals, their caretakers and outdoor 
workers.[14]  

Experts advise that clinicians should identify 
patients vulnerable to heat before the onset of the 
warm season and inform them and their support 
networks about the possible risk and harmful effects 
of extreme hot conditions. They should also provide 
guidance on how to recognize hazardous heat 

conditions and the symptoms of heat-related 
illnesses, along with clear advice on how to 
minimize risks and when to seek medical help. 
[14,70,71]  

To lower the heat related health risk, it’s 
recommended to keep living areas cool using fans or 
air conditioning, find cool locations, avoid strenuous 
activity, stay well-hydrated, wear light clothing, 
cool off with showers or self-dousing, and watch for 
symptoms, along with regular check-ins from 
caregivers.[72] 

Strategies like Heat Health Warning System 
(HHWS) can be used to alert the public and 
authorities of upcoming heat events, enabling timely 
protection of at-risk populations. HHWS relies on 
weather forecasts to trigger preventive actions aimed 
at minimizing the health effects of extreme heat.[73] 
Interventions such as setting up air-conditioned 
shelters, conducting public education campaigns, 
reaching out to at-risk individuals through calls and 
home visits, and posting updates on official 
websites, have been shown to have positive effects 
on mortality due to heat related illness.[74] 

Treatment Measures: Heat-related illnesses can 
vary from mild issues like heat edema to severe, life-
threatening conditions such as heat stroke, treatment 
options are decided based on the severity of the 
illness. In mild cases, where individuals have an 
elevated core temperature and dehydration but no 
systemic involvement like nervous system 
dysfunction, treatment involves cooling the person 
in a cold environment and administering oral fluids. 
In cases of severe heat-related illness, prompt 
cooling of the core body temperature and supportive 
management are essential. Treatment typically 
initiated with an empiric approach, focusing on 
airway, breathing, and circulation.[6] 

In cases of exertional heat stroke, full-body 
immersion in cold water up to the neck is considered 
the most effective cooling method. However, its 
effectiveness in treating classical heat stroke has not 
been clearly established. If cold water immersion is 
not feasible due to patient intolerance, symptoms 
like vomiting and diarrhea, or comorbidities such as 
cardiovascular disease, cooling is achieved by 
spraying tepid water on the body.[75] 

The body's ability to regulate blood pressure is 
significantly impaired when core temperature rises, 
primarily because of cutaneous vasodilation. This 
causes a drop in cardiac output and redirects blood 
flow toward the skin, leading to reduced central 
venous pressure (CVP). However, the severity of 
heat stress does not directly correspond to the degree 
of CVP reduction, and individual responses vary 
considerably. [76]  

Management of heat-induced cardiomyopathies 
often involves the use of vasoactive medications that 
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enhance cardiac output by stimulating calcium 
channels. However, since calcium transport also 
plays a role in muscle contractions, which can 
further elevate body temperature and this aspect 
must also be considered. [77,78]  

To develop appropriate treatment guidelines, 
clinical research is needed to assess how inotropic 
agents influence heat production from muscle 
activity, as well as how muscle relaxants like 
dantrolene affect cardiac output in heat stroke 
patients, particularly during the critical early phase 
of emergency care. 

Conclusion: 

As climate change progresses, heat-related illness 
and death are expected to rise. Strong evidence 
linking hot weather to illness and death is now being 
supported by growing research on its impacts in 
other areas, such as among occupational workers. 
This is especially concerning in tropical regions, 
where rising temperatures may increasingly push 
people to their physiological limits in the coming 
decades. Rising average temperatures and more 
extreme heat events will result in future summers 
with increased illness and mortality, along with 
significant restrictions and shifts in activities 
currently seen as routine. Besides public health 
initiatives to minimize risks, steps to reduce 
greenhouse gas emissions are essential to prevent 
further increase in illness and death caused by heat 
exposure. 
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