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ABSTRACT: In the context of climate change, extreme heat in Vietnam has been increasing
markedly in frequency, intensity, and duration, becoming one of the leading environmental
threats to public health. This study aims to synthesize scientific evidence on the impacts of heat
on human health, analyze the current situation and risk distribution in Vietnam, and propose
appropriate response measures. Heat not only directly affects health but also has far-reaching
impacts on labor productivity and socio-economic development. Evidence from Vietnam
indicates that heat is associated with an increase in physiological and pathological disorders
such as dehydration, electrolyte imbalance, cardiovascular and respiratory diseases, kidney
injury, and mental health disorders. Prolonged heatwaves increase the risk of hospitalization
and mortality, particularly among vulnerable groups such as the elderly, children, pregnant
women, individuals with chronic diseases, and outdoor workers. The distribution of risk is
uneven, with higher concentrations in major urban areas and the southern region due to
prolonged high temperatures combined with high humidity and the urban heat island effect; the
North Central and Central Coastal regions are also severely affected due to hot, dry winds.
Notably, heat exposure has resulted in the loss of 16 billion working hours annually, leading to
economic losses of approximately USD 23 billion (as of 2022). In response to this situation,
priority should be given to adaptation measures suited to Vietnam’s context, including raising
public awareness, protecting vulnerable populations, adjusting working conditions, improving
living environments, and promoting effective cooling solutions. These directions are crucial

for mitigating the health impacts of heat in the future.
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1. Introduction

High temperature is one of the environmental factors that most directly affects human health.
Heat stress is a leading cause of weather-related mortality and can exacerbate cardiovascular
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diseases, respiratory diseases, asthma, diabetes, kidney disease, and mental health disorders
[1-4]. In recent years, heatwaves have increased in frequency, duration, and intensity in the
context of climate change [5]. Globally, the World Health Organization (WHO) estimates that
there were approximately 489,000 heat-related deaths annually during the period 2000-2019,
with Asia accounting for about 45% [6].

Vietnam is located in Southeast Asia and has a tropical monsoon climate characterized
by considerable regional variation. The country can be broadly divided into northern, central,
and southern climatic regions, with differences in temperature, humidity, rainfall patterns, and
seasonal characteristics. These climatic variations influence population exposure and
vulnerability to heat-related health risks across different regions. In Vietnam, climate change
is increasing exposure to extreme heat. According to the Climate Change Department, the
country’s average annual temperature rose by approximately 0.89°C during the period 1958—
2018, equivalent to about 0.15°C per decade; the number of hot days and drought events has
also increased [7]. During the period 2018-2022, summer temperatures experienced by the
Vietnamese population were about 0.8°C higher than the baseline period of 19862005 [8]. In
2022 alone, Vietnam lost approximately 16 billion potential working hours due to heat
exposure, resulting in estimated income losses of about USD 23 billion, equivalent to 5.6% of
GDP (2005) [8].

According to the national climate change scenarios, the average temperature in Vietnam
could increase by approximately 1.3—1.7°C by mid-century and 2-4°C by the end of the
century, depending on emission levels [9]. This trend poses serious challenges to public health,
particularly in the context of rapid urbanization, population aging, and a large proportion of
outdoor workers. Heat not only increases the risk of mortality and hospitalization due to acute
and chronic conditions, but also significantly affects labor productivity, social welfare, and
sustainable economic development [10, 11].

Although the impacts of heat have been increasingly well documented, community
awareness and preventive behaviors remain limited, especially among vulnerable groups such
as the elderly, children, pregnant women, and outdoor workers. Therefore, enhancing
awareness, providing scientific evidence, and guiding individual preventive measures are
essential. This paper aims to clarify the mechanisms by which heat affects human health,
analyze the current situation and risk distribution in Vietnam, and propose intervention
recommendations to mitigate the adverse impacts of heat on public health.

2. Mechanisms of the Impact of Hot Weather on Human Health

The human body maintains its core temperature within a narrow range through a balance
between heat production and heat dissipation. When ambient temperatures are high—
especially when combined with high humidity—thermoregulatory mechanisms (such as
peripheral vasodilation and increased sweating) may become insufficient, leading to heat stress
and disruption of homeostasis. The consequences can range from heat fatigue and heat
exhaustion to heat stroke, a medical emergency that can result in multi-organ damage [11, 12].
As 1illustrated in Figure 1, exposure to excessive heat triggers a cascade of physiological
responses and pathological outcomes affecting multiple body systems.
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Figure 1. Mechanisms of the effects of heat on the human body and related health outcomes

Medical guidelines emphasize the risk of mortality if timely emergency care is not
provided, particularly among children and older adults. Heat exposure can lead to dehydration
and hemoconcentration, electrolyte imbalances; increased cardiac workload (elevated heart
rate and reduced effective circulating volume); increased risk of thrombosis and impaired blood
pressure regulation; and increased ventilation in patients with chronic lung diseases, thereby
exacerbating respiratory symptoms [10, 11]. High-risk groups include individuals living in hot
and humid environments; those with non-modifiable characteristics such as the elderly,
children, pregnant women, individuals with diabetes or impaired sweating; those with
modifiable risk factors such as alcohol use, excessive physical activity, or infections;
individuals with obesity; those working in hot conditions (outdoor workers, athletes, military
personnel); and individuals using certain medications such as beta-blockers, anticholinergics,
or diuretics [11]. As summarized in Table 1, heat exposure is associated with a wide spectrum
of heat-related illnesses and systemic health impacts, ranging from mild conditions such as heat
cramps and heat syncope to severe and life-threatening conditions such as heat stroke,
cardiovascular collapse, and multi-organ failure. The table also highlights vulnerable
population groups, clinical symptoms, and potential complications associated with each
condition.

Table 1. Heat-related illnesses and health impacts in humans.

Condition / Disease Symptoms Vulnerable groups Risks / Complications  Ref

Heat cramps Muscle spasms, muscle pain Heavy laborers, athletes, Electrolyte imbalance; [2—4]
(commonly in legs and arms), outdoor workers may progress to heat
excessive sweating exhaustion if untreated

Heat exhaustion Fatigue, dizziness, nausea, rapid  Elderly, outdoor workers, May progress to heat [10, 11]
heart  rate, moist skin, dehydrated individuals stroke (life-threatening)
hypotension

Heat stroke Body temperature = >40°C, Elderly, young children, High mortality, multi- [11,12]
altered consciousness, seizures, individuals with organ failure (brain,
hot dry or moist skin underlying conditions, liver, kidneys)

outdoor workers

Dehydration Thirst, dry mouth, reduced Children, elderly, outdoor Acute kidney injury, [10, 11,

urination, dark urine, fatigue workers electrolyte imbalance 13]
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Condition / Disease Symptoms Vulnerable groups Risks / Complications Ref
Heat syncope Dizziness,  fainting  when Elderly, non-acclimatized Falls, secondary injuries  [2, 11, 14]

standing in the sun for prolonged  individuals

periods
Heat-related Chest pain, shortness of breath, Individuals with  Myocardial infarction, [11, 15]
cardiovascular increased heart rate, cardiovascular  disease, stroke, death
disease hypertension or hypotension elderly
Respiratory diseases Shortness of breath, cough, Children, individuals with Acute asthma attacks, [10, 11]
(asthma, COPD) wheezing, worsened symptoms chronic respiratory  respiratory failure

in hot weather diseases
Heat-related kidney Fatigue, edema, reduced urine Outdoor workers, farmers, Acute or chronic kidney [10, 11,
injury output laborers failure 16]
Heat-related  skin  Rash, itching, redness, blisters Children, individuals in Secondary skin [11, 13]
diseases (rash, hot and humid infections
dermatitis) environments
Heat-sensitive Fever, diarrhea, dengue fever Children, individuals in Disease outbreaks [11,15]
infectious diseases (increases during hot seasons) densely populated urban

areas
Mental health Insomnia, irritability, anxiety, Individuals with mental Reduced quality of life, [11, 15]
disorders depression illness, those in difficult increased suicide risk
living conditions

Heat-related Preterm birth, low birth weight, Pregnant women Long-term impacts on [17]
pregnancy stillbirth (based on studies) newborns
complications
Heat-related Reduced concentration, Outdoor workers, Occupational accidents, [11, 13]
occupational dizziness while working construction, agriculture injuries
injuries
Reduced labor Fatigue, reduced concentration, All workers, especially Income loss, economic [11, 14]
productivity exhaustion outdoor workers impacts

2. Current Situation and Risk Warnings of Heat Impacts on Human Health in Vietnam
2.1. Current situation.

Hot weather in Vietnam typically occurs during the summer months (approximately May to
August), with temperatures in many areas exceeding 35—40°C. Prolonged heatwaves create
oppressive conditions with high humidity, leading to dehydration, heat-related illnesses, and
adverse health effects. Regions such as Northern and Central Vietnam often experience the
most intense heatwaves. Vietnam’s tropical monsoon climate, rapid urbanization, and a
substantial proportion of outdoor workers increase its vulnerability to extreme heat. A study
conducted in eight provinces of Vietnam reported that for every 1°C increase above a threshold,
the risk of hospitalization rises [18]. In Hanoi, research has shown that hospital admissions for
mental disorders may be triggered or exacerbated under hot weather and heatwave conditions
[19]. In Ho Chi Minh City, hospitalizations due to mental and behavioral disorders during
2017-2019 were also found to be associated with heatwaves [20]. Heat exposure may further
increase the risk of accidents (due to reduced concentration, fatigue, mild heat illness, and harsh
working conditions) among residents in Hanoi [21]. In 2022, Vietnam was estimated to have
lost 16 billion potential working hours due to heat exposure, resulting in an estimated income
loss of USD 23 billion [8]. These figures indicate that heat is not only a health issue but also a
livelihood risk, potentially leading to indirect health consequences such as poor nutrition,
stress, and reduced access to healthcare [22]. In addition, heat in Vietnam increases the risk of
infectious diseases by creating favorable conditions for vectors (e.g., Aedes mosquitoes
causing dengue fever, extended malaria seasons) and coastal bacteria such as Vibrio, in the
context of climate change and urbanization [8].
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2.2. Warning levels of heat impact.

A semi-quantitative risk stratification approach has been used to assess heat warning levels
across provinces and cities in Vietnam. The warning levels are constructed based on a
combination of indicators, including summer climate characteristics, heat exposure levels,
urbanization factors, and related health risks. Specifically, input variables include average
summer temperature, likelihood of prolonged heatwaves, air humidity, topographic features,
population density, degree of urbanization, and the urban heat island effect. The data used for
risk classification were synthesized from the Department of Climate Change report on climate
change impacts in Vietnam [7], the Vietnam Data Sheet 2023 of the Lancet Countdown [8],
and the Climate Change and Sea Level Rise Scenarios for Vietnam (MONRE, 2020) [9]. A
semi-quantitative Heat Risk Index (HRI) was used to support the classification of warning
levels. The index was calculated as:

HRI = (T + HW + H + PD + UHI)/5

where T is the summer temperature score, HW is the heatwave frequency score, H is the relative
humidity score, PD is the population density score, and UHI is the urban heat island score.

Areas with higher temperatures, high humidity, dense populations, and extensive built-
up (concrete) surfaces are classified as higher risk. Each province or city is categorized using
a five-level warning scale, ranging from Level 1 (very low risk) to Level 5 (very high risk).
Mountainous and highland regions, which generally have lower baseline temperatures and are
less affected by urban heat island effects, are classified at lower levels. In contrast, major urban
centers, industrial zones, densely populated plains, and southern regions are assigned higher
warning levels due to prolonged heat exposure, high humidity, and the capacity for nighttime
heat retention. The final classification is derived by combining climate zone assessments with
adjustments for urbanization factors, providing a more accurate reflection of actual health risks
associated with heat exposure.

As shown in Figure 2, extreme heat in Vietnam is affecting multiple provinces with
varying intensity levels. The highest risk level (Level 5) is concentrated in major urban areas
and the southern region, including Ho Chi Minh City, Dong Nai, Tay Ninh, Can Tho, An Giang,
Dong Thap, Vinh Long, and Ca Mau. In these areas, prolonged high temperatures combined
with high humidity and the urban heat island effect significantly increase the risk of heat stroke
and cardiovascular diseases. High-risk areas (Level 4) are observed in the North Central and
Central Coastal regions (Thanh Hoa, Nghe An, Ha Tinh, Quang Tri, Hue, Da Nang, Quang
Ngai, Khanh Hoa), largely due to the influence of hot, dry winds (Lao winds) and intense solar
radiation. Northern plains and urban areas such as Hanoi, Hai Phong, Bac Ninh, and Hung Yen
fall into the moderate—high risk category (Level 3—4), where dense construction contributes to
heat retention. Meanwhile, midland and highland provinces (Level 2-3), and northern
mountainous areas such as Lai Chau, Dien Bien, Lao Cai, and Son La (Level 1-2), face lower
risks but are still affected in the context of rising temperatures.
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Figure 2. Map of heat risk warning levels across provinces and cities in Vietnam.
3. Recommended Solutions
3.1. For vulnerable groups.

Population groups vulnerable to heat exposure face varying levels of risk due to differences in
physiological characteristics, living conditions, and exposure levels, thus requiring tailored
intervention recommendations. Elderly individuals, young children, people with chronic
diseases, and outdoor workers are considered the highest-priority groups due to impaired
thermoregulation, increased risk of dehydration, cardiovascular and renal events, and
prolonged heat exposure. Recommended measures for these groups include ensuring a cool
living environment, maintaining adequate hydration, limiting outdoor activities during peak
heat hours, and monitoring early symptoms. Pregnant women, individuals with mental health
disorders, and low-income households living in heat-prone housing conditions are also at high
risk due to physiological changes, limited self-care capacity, or restricted access to cooling
resources. For these groups, it is important to promote rest, minimize heat exposure, provide
support for monitoring, and utilize low-cost cooling solutions. Overall, this stratification
highlights the need to prioritize the protection of the most vulnerable populations in order to
minimize the health impacts of extreme heat. As summarized in Table 2, vulnerable
populations can be categorized based on risk level, physiological sensitivity, and exposure
intensity, along with corresponding preventive measures tailored to each group.
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Table 2. Vulnerable groups to heat exposure and recommended preventive measures.

Vulnerable Group Recommendations Impact
Level

Elderly Stay in cool places; drink water regularly; avoid going out during peak Very
heat hours; monitor for dizziness/heat exhaustion; have family members high
check 2-3 times per day during heatwaves

Children/infants Do not leave children in hot enclosed spaces; increase fluid intake (age- Very
appropriate); wear light clothing; reduce outdoor activities; watch for high
fever and lethargy

Pregnant women Avoid extreme heat; rest frequently; maintain hydration; limit heavy High
labor; seek medical care immediately if experiencing dizziness, fainting,
or severe headache

People with chronic diseases Prioritize cool environments; maintain hydration as advised; avoid Very

(cardiovascular, renal, exertion; do not self-adjust medications; seek medical care if experiencing  high

respiratory, etc.) shortness of breath, chest pain, or confusion

Outdoor/heavy labor workers Schedule work in early morning or late afternoon; take breaks every 45— Very
60 minutes; follow the “water—shade—rest” principle; use appropriate high
protective gear; replenish electrolytes when sweating heavily

People with mental Avoid prolonged heat exposure; ensure adequate sleep and hydration; High

disorders/under treatment remind to drink water; monitor agitation/insomnia; contact healthcare
facilities if symptoms worsen

Low-income households / heat-  Improve ventilation, use curtains/shading, apply water-based cooling High

prone housing methods; prioritize access to cooler public spaces when possible; monitor
clderly and children

3.2. General recommendations.

High-priority measures such as adequate hydration, periodic rest following the “water—rest—
shade” principle, and water-based cooling not only have strong evidence but are also supported
by clear and practical guidance, including drinking 1.5-2 liters of water per day, resting after
45—-60 minutes of labor, and cooling areas such as the neck, armpits, and groin. These measures
demonstrate high feasibility at both individual and community levels. Measures with moderate
evidence but still strongly recommended—such as avoiding outdoor exposure during peak heat
hours, wearing light and breathable clothing, and monitoring meteorological warnings—are
also accompanied by specific guidance, including limiting outdoor activities from 10 a.m. to 4
p.m., using appropriate clothing, and tracking “feels-like” temperature, thereby enhancing
preventive effectiveness when properly implemented. Meanwhile, conditional measures such
as electrolyte replacement or avoiding sudden temperature changes should be applied
depending on specific circumstances such as heavy labor conditions or air-conditioned
environments.

As illustrated in Figure 3, heat adaptation strategies can be categorized into different
priority levels based on their effectiveness, feasibility, and evidence strength, ranging from
high-priority core interventions to conditional supportive measures. In the emergency
management of heat stroke, international medical organizations emphasize the critical
importance of rapid and continuous cooling initiated at the scene. According to the European
Resuscitation Council, the “Cool and Run” approach is recommended, in which the patient
should be actively cooled immediately until the core body temperature drops below 39°C, with
a safe and effective cooling rate of greater than 0.10°C per minute. Monitoring vital signs
following the ABC sequence (Airway, Breathing, Circulation) is essential to promptly address
life-threatening dysfunctions [23]. Similarly, the National Athletic Trainers’ Association
(NATA) in the United States emphasizes that cooling must begin on-site, be maintained
throughout transport, and continue at the hospital until the core body temperature is reduced to
38.3-38.9°C [24].
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Figure 3. Priority levels of heat adaptation solutions.

In line with this, Singapore’s medical practice guidelines highlight three key principles:
rapid cooling, stabilization of the patient’s condition, and continuous cooling even during
transport to healthcare facilities [25]. Several studies have proposed microclimate cooling
systems as an innovative approach. These systems are based on active cooling principles and
are designed for both prevention and supportive treatment of heat-related conditions. They
typically create a localized cool microenvironment around the body or directly act on the skin,
enabling rapid and effective thermoregulation in harsh conditions such as outdoor heat
exposure, military operations, or industrial settings. Heatstroke emergency tents are a typical
example of microclimate applications. These tents combine continuous mist spraying with
forced-air ventilation, generating airflow near the skin that enhances sweat evaporation and
rapidly reduces body temperature. This method has been shown to be as effective as, or nearly
comparable to, cold-water immersion in lowering core temperature in heat stroke patients [26].
Personal liquid cooling garments are another solution, designed with tubing systems that
circulate cold fluid in close contact with the skin via a mini pump. Studies have demonstrated
that such liquid cooling systems significantly improve heat tolerance and extend safe working
time in high-temperature environments [27, 28]. Fan-assisted cooling garments offer a lighter
and more portable alternative. These garments use small fans mounted on the sides to draw in
outside air and circulate it through the clothing. The airflow promotes sweat evaporation from
the skin, enabling natural cooling without the need for cooling fluids. The fabric is typically
designed to retain cool air and enhance evaporative efficiency. Research shows that these fan-
integrated garments effectively reduce skin temperature and improve thermal comfort under
harsh working conditions [29]. In Australia, instant cold packs such as Qwik Ice have been
used as a convenient, on-demand cooling solution. These products consist of a dual-
compartment package: an outer polyethylene bag containing 120 g of urea and an inner pouch
containing 60 ml of water. When activated by striking the center of the pack, the inner pouch
breaks, allowing water to react with urea and produce rapid cooling. The pack can then be
applied to the body for first aid in heat exposure, pain relief, fever reduction, or support for
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sports injuries such as sprains and muscle strains. The simple composition of urea and water,
without ammonium nitrate, ensures safety during use.

Microclimate-based personal and localized cooling solutions demonstrate significant
potential as complementary measures to traditional heat prevention strategies, particularly for
outdoor workers, military personnel, and emergency responders exposed to extreme heat.
Compared with conventional approaches, these systems provide active and rapid cooling,
enhance heat dissipation, improve thermal comfort, help maintain work performance, and
reduce the risk of heat-related illnesses. These technologies share a common principle of
enhancing heat dissipation through forced convection, evaporation, or conductive heat transfer,
thereby enabling rapid cooling and maintaining thermal balance in the body. Compared to
passive measures, microclimate systems offer advantages in rapid response, flexibility, and
applicability in extreme environments such as outdoor labor, military operations, or emergency
rescue. However, large-scale implementation requires consideration of cost, availability,
accessibility, and proper user training, especially in low-income settings. Therefore, these
solutions should be regarded as effective complementary tools, combined with fundamental
measures such as adequate hydration, appropriate rest, and avoidance of excessive heat
exposure, in order to optimize strategies for protecting human health against heat.

4. Conclusion

Extreme heat is becoming an increasingly serious challenge to public health in Vietnam in the
context of climate change and rapid urbanization. Evidence indicates that heat exposure not
only causes acute conditions such as heat exhaustion and heat stroke but also exacerbates many
chronic diseases, contributing to increased risks of hospitalization and mortality. These impacts
are particularly pronounced among vulnerable groups such as the elderly, children, pregnant
women, and outdoor workers. Heat-related risks vary significantly across regions, with the
highest levels concentrated in major urban areas, the southern region, and the Central Coastal
region, where prolonged high temperatures, high humidity, and the urban heat island effect
intensify exposure. In addition to health impacts, extreme heat also leads to substantial losses
in labor productivity and economic output, increasing the burden on healthcare systems and
social welfare. In response to this situation, strengthening adaptation measures is essential.
Priority should be given to raising public awareness, protecting vulnerable populations,
adjusting working conditions and schedules, improving living environments, and enhancing
early warning systems. At the same time, the application of appropriate cooling solutions
tailored to Vietnam’s context can help improve prevention effectiveness and mitigate the
impacts of extreme heat. In the short term, priority should be given to strengthening heat-health
warning systems, raising public awareness, and protecting vulnerable populations. In the long
term, integrating heat adaptation into urban planning, occupational health policies, and public
health strategies will be essential to enhance resilience to increasing heat exposure in Vietnam.
This review is subject to several limitations, including regional heterogeneity in available data
and the limited availability of nationwide heat-related health surveillance data in Vietnam.
Future studies should strengthen national monitoring systems and generate more
comprehensive evidence on the health impacts of heat exposure across different regions and
population groups.
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