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ABSTRACT  
Background: The latest report from the Intergovernmental Panel on Climate Change (IPCC) shows that 
heatwaves have increased over the past 50 years. Heatstroke is a life-threatening condition defined by a failure 
in heat dissipation, resulting in a body core temperature of more than 40 °C (104 °F) and associated with 
neurological disorders, ranging from mild changes in mental status to coma. Methods: This study uses the 
systematic literature review (SLR) method and follows the PRISMA (Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses) guidelines. The review is structured using the PECO framework based on 4 main 
components: participants (human), exposure (heatwave), comparator (elderly and children) and the outcomes 
(heatstroke). Findings: Exposure to heatwaves has been shown to significantly affect vulnerable groups such as 
the elderly and children, where the elderly group is the most affected due to various factors, including organ 
dysfunction and congenital diseases that worsen the situation. Conclusion: In the future, it is necessary to 
strengthen mitigation effort related to extreme weather forecasts, enabling communities to adjust their outdoor 
activities. Novelty/Originality of this article: The novelty of this article is to describe how the heatstroke 
impact the vulnerable group of elderly and children. 
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1. Introduction  
 

The climate crisis, recognized by the World Health Organization as one of the greatest 
threats to human health in the 21st century, is fundamentally reshaping global disease 
patterns and health risks. Its impacts are both direct and indirect, mediated by 
environmental, socio-economic, and demographic factors. Among these, rising 
temperatures and the increasing frequency and intensity of heatwaves have emerged as 
critical drivers of morbidity and mortality worldwide. Extreme heat events contribute to a 
wide range of adverse health outcomes, including dehydration, cardiovascular stress, 
respiratory complications, and increased mortality. Recent evidence highlights a growing 
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burden of heat-related health risks, with extreme heat now recognized as a leading cause of 
weather-related deaths globally (Yoeli et al., 2025). In recent years, the number of heat-
related illnesses has increased each year. This rise is linked to factors such as climate 
change, low heat tolerance, air pollution, high humidity, and limited access to air 
conditioning. One example of a heat-related illness is heatstroke (Han et al., 2022). 
Heatstroke is a life-threatening condition defined by a failure in heat dissipation, resulting 
in a body core temperature of more than 40 °C (104 °F) and being associated with 
neurological disorders, ranging from mild changes in mental status to coma (Canel et al., 
2016; Kania & Hess, 2025; Toosty et al., 2021; Wijerathne et al., 2016). A study published in 
The Lancet-Planet Health shows an upward trend in additional mortality caused by rising 
global temperatures, from 0.83 % in 2000–2003 to 1.04 % in 2016–2019 (Zhao et al., 2021).  

The molecular mechanisms underlying heatstroke are complex and involve multiple 
processes triggered by extreme heat. These include protein damage, disruption of normal 
cellular balance, oxidative stress, and impaired mitochondrial function. In addition, heat 
stress leads to the release of damage-associated molecular patterns (DAMPs), which 
activate immune responses. At the same time, several forms of regulated cell death, such as 
apoptosis, necroptosis, pyroptosis, and ferroptosis are activated, further worsening tissue 
damage. Important factors involved in these processes include heat shock proteins, 
inflammatory cytokines, and reactive oxygen species (Ferrer & Iba, 2025).  

Various factors contribute to the occurrence of heatstroke; for example, environmental 
factors such as high temperature and humidity, human factors such as dehydration, the 
presence of comorbidities, delayed heat acclimatization, aging, and activity factors such as 
exercise and working in hot environments. Heatwaves at the beginning of the summer 
generally result in higher death rates than those at the end of the summer. Important risk 
factors for higher mortality include advanced age; low social status; addictive disorders; 
restricted mobility; the presence of pulmonary, cardiovascular, or psychogeriatric disease; 
and chronic renal disease. People who live high up in a building or live alone also have a 
statistically increased risk. It is now widely accepted that heat stress is particularly 
dangerous to old, frail, and often (multi-) morbid people and this is a generalized problem 
in geriatrics (Leyk, 2019). However, an elevated body temperature may not be sufficient to 
diagnose heatstroke. Heatstroke associated symptoms should also include fatigue, hot and 
dry skin, nausea, vomiting, diarrhea, dizziness, reddened face, difficulty breathing, seizures, 
confusion, and damage to multiple organs. The main difference between mild and severe 
cases is the presence or risk of loss of consciousness (Zhang et al., 2024).  

There are two types of heatstroke, namely classic and physical activity. Classic 
heatstroke is generally caused by high ambient temperatures, progresses slowly over 
several days, and can be characterized by delirium, seizures, or coma (Wijerathne et al., 
2016). The risk of developing heatstroke is known to be increased by both intrinsic and 
extrinsic factors. Intrinsic factors include the illnesses and genetic predispositions of 
individuals. Extrinsic factors include meteorological conditions and excessive clothing 
(Morioka et al., 2025). Of the various external factors, meteorological conditions play a 
crucial role in the onset of heatstroke. It is widely known that the number of heatstroke 
patients increases as the air temperature increases. This condition mainly occurs in elderly 
people who are frail due to chronic illnesses. Heatstroke due to physical activity mainly 
affects young and active people such as marathon runners, athletes, or military personnel 
(Shu-Yuan et al., 2020). Patients have a better chance of recovery if their core body 
temperature is lowered below 40 ℃ within 30 minutes of onset. Delayed cooling can cause 
long-term problems such as memory loss, speech or movement disorders, and a higher risk 
of death. The development of heatstroke involves not only problems with body temperature 
control but also inflammation, oxidative stress, cell damage, and cell death (Oka et al., 2025; 
Zhang, 2024). Heatstroke affects everyone, especially the vulnerable populations, such as 
outdoor workers, athletes, elderly, and children. Elderly individuals have a high risk of 
heatstroke because the thermoregulatory function of the human body declines with age. In 
addition, elderly individuals are more likely to suffer from cardiovascular diseases and 
diabetes, which increase the risk of severe heatstroke (Sato et al., 2020). Children are 
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particularly at risk due to their unique physiological responses to heat, such as higher heat 
generation per unit body mass and a greater surface area-to-mass ratio, which increases 
their heat absorption 

In the face of climate change challenges, many areas in some parts of the world are 
experiencing rising temperatures, further exacerbating health problems such as increasing 
the risk of pain and death from intense heat on a sustained basis (Schmeltz et al., 2016; 
Toloo et al., 2014; Wright et al., 2019). The latest report from the Intergovernmental Panel 
on Climate Change (IPCC) shows that heat waves have increased over the past 50 years 
(Arsad et al., 2022). As the global climate warms and exposure to high temperatures rises, 
the incidence of heatstroke among older adults will rise (Otani et al., 2021). In particular, 
climate change including global warming has contributed to the recent increase in the 
incidence of heatstroke (Otani et al., 2021). It is estimated that up to 1.2 billion people 
worldwide will be at risk of heatstroke by 2100 if global warming continues at this rate (Li 
et al., 2025). Some groups are at high risk, such as people with low economic conditions, 
preexisting respiratory and cardiovascular diseases, as well as the elderly and children 
(Toloo et al., 2014). Looking at the dangers posed by extreme heat and heatwaves, many 
researchers are trying to understand the vulnerability factors in the population (Coates et 
al., 2014). Vulnerability in humans, especially vulnerable groups to climate change and its 
variability, is complex and does not yet have a generally accepted definition (Sharma & 
Ravindranath, 2019). 

Despite growing recognition of heat-related health risks, significant gaps remain in 
understanding how vulnerability is distributed across populations and how it can be 
effectively addressed through policy and practice. Existing studies often focus on general 
population-level trends or specific clinical outcomes, with less attention given to 
comparative vulnerability across age groups or the interaction between environmental 
exposure and social determinants of health. Furthermore, while heat-health warning 
systems and climate adaptation strategies are increasingly being implemented in many 
countries, their effectiveness in reaching and protecting the most vulnerable populations 
remains uneven. 

From a policy perspective, this gap is particularly important. Public health responses 
to heatwaves, such as early warning systems, community outreach, and emergency 
preparedness, require precise identification of high-risk groups and contexts. Without a 
nuanced understanding of vulnerability, interventions risk being too generalized, 
potentially overlooking those most in need. In addition, climate adaptation policies must be 
grounded in evidence that reflects not only environmental risks but also social inequalities 
and demographic dynamics. Therefore, this study seeks to address these gaps by examining 
the impact of heatwaves on vulnerable populations, with a specific focus on children and 
older adults. More specifically, this study is guided by three research questions: (1) How do 
heatwaves affect health outcomes among children and older adults? (2) What factors 
contribute to increased vulnerability to heat-related illnesses in these populations? (3) How 
can these findings inform more targeted and effective public health interventions and 
climate adaptation policies? 

By addressing these questions, this study aims to contribute to a more comprehensive 
understanding of heat-related vulnerability in the context of climate change. The findings 
are expected to provide important insights for policymakers, public health practitioners, 
and other stakeholders in designing targeted heat-health action plans. This includes 
improving early warning systems, developing age-specific prevention strategies, and 
strengthening community-level resilience. Ultimately, this research seeks to support more 
equitable and effective responses to the growing health risks posed by extreme heat. 
 
2. Methods 
 

This study used a systematic literature review (SLR) approach following the preferred 
reporting items for systematic reviews and meta-analyses (PRISMA) guidelines. The review 
was structured using the participants, exposure, comparator, outcome (PECO) framework, 
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which guided the formulation of the research question and eligibility criteria. The 
components included: participants (humans), exposure (heatwaves), comparator (children 
and elderly populations), and outcomes (heatstroke incidence and related health impacts). 
A comprehensive literature search was conducted across three major electronic databases, 
namely ProQuest, Scopus, and PubMed, and was supplemented by manual searching 
through Google Scholar to identify additional relevant studies. The search was limited to 
peer-reviewed articles published in English between 2014 and 2025. Boolean operators 
were used to refine the search strategy by combining key terms such as “heatwaves” AND 
“heatstroke” AND (“elderly” OR “older adults”) AND (“children” OR “pediatric”). To ensure 
completeness, the reference lists of selected articles were also manually screened to identify 
potentially relevant studies not captured in the initial database search. 

The study selection process followed the four stages outlined in the PRISMA 
framework: identification, screening, eligibility, and inclusion. During the identification 
stage, a total of 1,515 articles were retrieved. After removing 45 duplicate records, 1,470 
articles remained for title and abstract screening. In the screening stage, 1,448 articles were 
excluded due to irrelevance to the research topic or lack of alignment with the PECO criteria. 
A total of 22 articles were then assessed for full-text eligibility. Of these, three articles were 
excluded due to lack of full-text access, and 14 were excluded for not meeting the predefined 
inclusion criteria. In addition, three relevant articles were identified through manual 
searching via Google Scholar. Ultimately, 8 studies met all eligibility criteria and were 
included in the final synthesis, as illustrated in the PRISMA flow diagram (Figure 1). 
 

 
Fig. 1. PRISMA flowchart of the bibliographic research 

 
The inclusion criteria consisted of (1) peer-reviewed research articles, (2) studies 

involving human participants, (3) studies examining heatwaves as the primary exposure, 
(4) studies reporting heatstroke or heat-related health outcomes, and (5) studies focusing 
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on vulnerable populations, particularly children and the elderly. Exclusion criteria included 
(1) non-English publications, (2) review articles, editorials, or commentaries, (3) studies 
not directly addressing heatwaves or heatstroke, and (4) studies not involving the target 
populations. To ensure the methodological quality of the included studies, a critical 
appraisal was conducted using the Joanna Briggs Institute (JBI) Critical Appraisal Checklist 
for quantitative studies. Each article was evaluated based on criteria such as study design, 
sampling methods, measurement validity, identification of confounding factors, and 
appropriateness of statistical analysis. Each item was rated as “yes,” “no,” “unclear,” or “not 
applicable.” Studies were not excluded solely based on quality scores; however, the 
appraisal results were used to interpret the strength and reliability of the evidence. To 
enhance consistency and reduce subjectivity in the selection and appraisal process, inter-
rater reliability was assessed using Cohen’s Kappa coefficient during the full-text screening 
stage. The Kappa test was used to evaluate agreement between reviewers, with values 
above 0.75 indicating strong agreement and supporting the reliability of the selection 
process. 
 
Table 1. Inclusion and exclusion criteria 

Criteria  Inclusion  Exclusion  
Sources  ProQuest, Scopus, PubMed Another database  
Year  2014-2025 Studies published before or 

after this period 
Languages English Other languages 
Population (P) Human Other  
Intervention/Exposure 
(E) 

Heatwaves Other  

Comparative (C) Elderly and children  Adult, teenagers or athlete etc.  
Outcome measure (O) Heatstroke  Mortality 
Study/studies (S) Quantitative Other  
Type of publication Academic Journal, open access, free, 

and publish in public health field 
Other publication (conference 
abstract and etc) 

 

Potential sources of bias were considered throughout the review process. Selection 
bias was minimized through the use of predefined inclusion and exclusion criteria and a 
structured screening approach. Publication bias was addressed by searching multiple 
databases and incorporating manual searches to capture a broader range of studies. In 
addition, information bias was reduced by including only studies with clearly defined 
exposure and outcome measures. The use of a standardized appraisal tool further 
supported the identification of methodological limitations within individual studies. 

Data extraction was conducted systematically using a standardized form to capture key 
information from each included study, including author(s), publication year, study location, 
population characteristics, exposure details, outcome measures, and key findings. Due to 
heterogeneity in study designs, populations, and outcome measurements, a quantitative 
meta-analysis was not feasible. Therefore, a narrative synthesis approach was adopted. The 
findings were analyzed thematically, focusing on patterns of vulnerability, differences 
between children and elderly populations, and the relationship between heatwave 
exposure and heatstroke incidence. Studies were grouped based on population type and 
outcome characteristics, allowing for comparison across studies and identification of 
consistent trends as well as variations in findings. 
 

3. Results and Discussion 
 
3.1 Overview 

 
Based on the extraction result from the PRISMA, 8 articles were identified that align 

with the PECO and meet the inclusion criteria as presented in Table 1. In general, the study 
design used in these articles is modeling and ecological studies and time series. Overall, the 
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eight articles indicate that the elderly and children are vulnerable to heatstroke associated 
with heatwaves exposure, especially in the elderly. 

 
Table 2. Data extraction from included studies 

Author Title Country Study Design Sample/ 
population 

Results 

Ou et 
al. 
(2023) 

Risk of 
heatstroke in 
healthy elderly 
during 
heatwaves: A 
thermoregulatory 
modeling study 

China  Using the 
modified 
thermoregulatory 
model  

Young and 
elderly adults.  

In the elderly age 
group, they 
showed worse 
performance in 
dissipating heat, 
increasing the 
risk of heatstroke 
compared to the 
age group of 
children and 
adults. 

Hess 
et al. 
(2014)  

Summertime 
Acute Heat 
Illness in U.S. 
Emergency 
Departments 
from 2006 
through 2010: 
Analysis of a 
Nationally 
Representative 
Sample 

United 
States 

Analysis of a 
Nationally 
Representative 
Sample 

All Population 
from 2006 to 
2010 that 
each year 
approximately 
300 thousand 
people per 
year.  

Heatstroke had 
an ED CFR of 
99.4/10,000 
(95% CI: 78.7, 
120.1) visits and 
was diagnosed in 
77.0% of deaths. 
Adjusted odds of 
hospital 
admission or 
death in the ED 
were higher 
among elders, 
males, urban and 
low-income 
residents, and 
those with 
chronic 
conditions. 

Oka et 
al. 
(2023) 

Potential effect of 
heat adaptation 
on association 
between number 
of heatstroke 
patients 
transported by 
ambulance and 
wet bulb globe 
temperature in 
Japan 

Japan A quasi-Poisson 
regression model 
combined with 
the distributed 
lag non-linear 
model (DLNM) 

All Population 
in all 47 Japan 
prefectures by 
age group 
from 2015 to 
2019 because 
the 
availability 
data in all 
periods from 
2008 – 2021 
not available 
for may 
before 2015 
and 2020-
2021 might 
have bias 
because of 
drastic chages 
in life due to 
COVID 19 

The results of the 
study showed 
that the risk 
group was the 
elderly with an 
age of ≥65 years 
with R2 = 0.64 
which was 
interpreted as 
64% of the 
temperature 
resulting in the 
incidence of 
heatstroke in the 
age group of ≥65 
years. However, 
the age group of 
children is also 
vulnerable if they 
are active in 
outdoor 
activities. 
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Toosty 
et al. 
(2021) 

Heat health risk 
assessment 
analysing 
heatstroke 
patients in 
Fukuoka City, 
Japan 

Fukuoka, 
Japan 

The Poisson 
regression model 

Data was 
originally 
recorded 
annually by all 
seven fire 
departments 
in Fukuoka 
City between 
1 April and 31 
October from 
2013 to 2018. 
This highly 
populous city 
has a total 
population of 
1,538,000 

Results indicated 
that there was a 
positive 
association 
between the 
resulting risk 
factors and the 
probability of 
heatstroke 
occurrence. The 
elderly of 
Fukuoka City 
aged 70 years or 
older were found 
to be the most 
vulnerable to 
heatstroke. 

Bai et 
al. 
(2014) 

The effects of 
summer 
temperature and 
heat waves on 
heat-related 
illness in a 
coastal city of 
China, 2011–
2013 

China using a 
distributed lag 
non-linear model 
(DLNM) 

In 2010, the 
population of 
the city was 
7,605,689 
(51.1% men; 
48.9% 
women). 
Overall, a total 
number of 
3862heat-
related 
illnesses were 
included 
during June–
August over 
the period 
2011–2013 in 
Ningbo, China 

Because the 
temperature 
fluctuates in each 
year so that there 
is also a 
difference in risk 
in age groups, the 
impact by age 
group is more 
inconsistent over 
three years. In 
2011, the most 
affected groups 
were those aged 
0–15 years, while 
the middle-aged 
and elderly 
populations were 
at higher risk of 
developing heat-
related 
conditions in 
2012 and 2013, 
respectively. 
However, all age 
groups are at 
risk. 

Otani 
et al. 
(2021) 

The Effect of 
Minimum and 
Maximum Air 
Temperatures in 
the Summer on 
Heat Stroke in 
Japan: A Time-
Stratified Case-
Crossover Study 

Japan Ecological study 
using a logistic 
regression 
menggunakan 
dua model yaitu 
minimum and 
maximum tair 
temperature. 

The Tottori 
Prefecture is 
3507 km2 in 
area and the 
population 
was 555,663 
in October 
2019. A total 
of 1108 cases 
were 
identified 
with 373 
(33.7%) calls 
originating in 
the home (of 
these, 59.8% 

In this study, it 
was found that 
only age was 
associated with 
the incidence of 
heatstroke in 
both models 
used. The group 
most at risk of 
heatstroke was in 
the age group of 
≥65 years old 
due to a decline 
in cognitive and 
physiological 
function. 
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were the age 
of 75). 

Deng 
et al. 
(2025) 

Heatstroke 
characteristics 
and 
meteorological 
conditions in 
Hefei, China: 
thresholds and 
driving factors 
 

China  Ecological study 
using correlation 
analysis, cluster 
analysis and 
linear regression 
analysis 

The dataset 
contained 
4629 
heatstroke 
cases from all 
the hospitals 
in Hefei 
during 2008–
2022, 
including 
detailed 
information 
on gender, 
age, time of 
heatstroke 
occur rence, 
and severity 
of the 
condition. 

The growth rate 
of heatstroke was 
0.8/0.7 case/ºC, 
1.5/1.3 case/ºC, 
2.0/1.7 case/ºC 
in the young, 
middle and old 
groups for 
T/Tmax. It was 
found that 
elderly people 
had the highest 
growth rate 

Oh et 
al. 
(2024) 

Heat wave 
exposure and 
increased heat-
related 
hospitalizations 
in young children 
in South Korea: A 
time-series study 

South 
Korea 

A time-series 
study 

Using the 
National 
Health 
Insurance 
Service 
(NHIS) 
database, 
which 
provides 
medical 
records from 
2015 to 2019 
in South 
Korea 

16,879 daily 
heat-related 
hospitalizations 
among children 
younger than five 
years. The 
relative risk (RR) 
due to heat wave 
exposure within 
two days (lag2) 
(12 definitions: 
70th to 90th 
percentile of 
maximum 
temperature) 
ranged from 
1.038 (95% 
confidence 
interval (CI): 
0.971, 1.110) to 
1.083 (95% CI: 
1.036, 1.133) 
 

 
Almost all articles generally use ecological design studies. Previous studies emphasized 

the importance of addressing the issue of heatstroke and were mainly conducted in 
developed countries, such as the United States, Japan, and Canada. However, significant 
regional differences in the risk of heatstroke and adaptation measures existed due to 
differences in ethnicity, environment, and climate. Due to the low level of information 
integration in the past, there were no comprehensive data sources available for studying 
the risk of heatstroke in developing countries. In the era of high‑speed informatization, big 
data provides us with the richness of data resources, and the new techniques allow us to 
analyze heatstroke in an interdisciplinary way (Chen et al., 2018). 

  
3.2 Heatwave and outcomes 
 

Ground meteorological conditions, including temperature, humidity, wind, cloud, and 
other factors, were considered in analyzing the occurrence of heatstroke. In addition, 
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socioecological factors, such as vegetation cover, housing and work conditions, and gross 
domestic product (GDP), were also integrated as influencing factors of heatstroke (Wang et 
al., 2019) The incidence of heatstroke due to heatwaves often has different dynamics 
because the daily air temperature has varying numbers, as in Bai's study, the impact by age 
group is less consistent for three years. In 2011, the most affected group was those aged 0–
15 years, while the middle-aged and elderly populations had a higher risk of experiencing 
heat-related conditions in 2012 and 2013 respectively (Bai et al., 2014) These findings 
indicate that the relationship between heatwaves and health outcomes is not uniform but 
varies across time and population groups. Differences in lag effects, temperature thresholds, 
and demographic characteristics suggest that heat-related risks are context-specific rather 
than universally consistent. 

 
3.3 Age vulnerability 

 
There are two types of heatstroke in terms of activity conditions, namely heatstroke 

due to physical activity and heatstroke due to non-physical activity, where high temperature 
is the main risk factor in both conditions. Usually, the incidence of heatstroke due to physical 
activity is not so severe because it occurs in the age group of children or adults due to 
exercise and work. Meanwhile, heatstroke due to non-physical activity occurs indoors 
caused by independent risk factors such as old age, living alone, and congenital diseases 
such as heart disease. Where this non-physical activity heatstroke incident occurs in old age 
(Japanese Association for Acute Medicine, 2015). Heatstroke is considered a fatal disease, 
generally characterized by unbalanced heat production and dissipation, due to exposure to 
a hot environment or strenuous sports activities, which is characterized by a body 
temperature of >400C and also accompanied by another organ dysfunction that can be life-
threatening (Khan & Mubeen, 2025). 

The discovery that needs to be underlined in this study is the fact that the incidence of 
heatstroke is more common in the elderly age group. This is caused by many factors, namely 
the physiological condition of the elderly body and congenital and chronic diseases. For 
example, skin blood flow is lower in old age and the redistribution of blood volume from 
retroperitoneal venous tissue to the cutaneous capillary bed decreases. Older people also 
sweat more slowly and less than younger people. As a result of these changes, less heat can 
be removed through the skin in elderly (Lee et al., 2016). Even the elderly who are only 
indoors also have the risk of experiencing heatstroke due to the increasingly hot earth 
temperature. Research mentioned that in old age, it is difficult for their bodies to release 
heat, thus causing a high risk of experiencing heatstroke due to a decrease in 
thermoregulation. The core temperature in elderly is higher compared to the control group 
of healthy young adults, thus leading to faster improvement and the appearance of early 
heatstroke symptoms (Ou et al., 2023). The explanation is that older adults have a disrupted 
sweating response, experiencing rapid increases in core temperature due to dehydration 
and psychological stress. During heat stress exposure, older adults have higher core 
temperatures and faster increases in core temperature (Howard & Krishna, 2022). This 
suggests that older adults are more sensitive to high temperatures during heat waves and 
experience heatstroke at "lower" levels of heat stress compared to healthy young adults 
(Khraishah et al., 2022). 

Research by Jeremy et al. on the heatstroke incident among the elderly group also led 
to many deaths (Hess et al., 2014). Another study by Nishat et al stated that the elderly 
group most vulnerable to heatstroke incidence was in the age range of >70 years. The 
morning period was found to be riskier for the elderly than the patients as a whole, while 
the afternoon and evening seemed to have a higher percentage of heatstroke incidence for 
patients overall than the vulnerable group. However, both groups experienced heat-related 
illnesses more frequently during the day, particularly from 10 a.m. to 4 p.m. Vulnerable 
people aged 70 and over typically spend most of their time at home, resulting in the highest 
risk in residential areas for this group (Toosty et al., 2021) The average elderly experienced 
non-exertional heatstroke even though they do not turn on the AC due to their vulnerability 
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to environmental exposure and temperatures below 30oC and it was also found that women 
are more susceptible to heatstroke than men especially if the temperature is 37oC or more 
(Khare et al., 2015). The higher prevalence of death in the ER among the elderly is likely due 
to physical weakness and underlying comorbid diseases. Research found that the elderly 
group easily experienced heatstroke due to a decrease in their body's cognitive and 
physiological function (Kondo et al., 2013; Leyk, 2019). 

Although the elderly age group is more likely to experience heatstroke, the age group 
of children is at risk of experiencing it, as shown by the research of Kazutaka et al (Oka et 
al., 2023). This explains that heatstroke due to physical activity occurs more often outdoors 
with less severe cases. The incidence of heatstroke due to physical activity, which can occur 
in a short period of time, is high in the younger generation when exercising and the middle-
aged generation while working. However, non-physical heatstroke occurs indoors and is 
caused by independent risk factors such as old age, living alone, and comorbidities (heart 
disease) (Japanese Association for Acute Medicine, 2015; Zeng et al., 2024). In line with 
research by Bai et al. (2014), the most affected groups were those aged 0–15 years, while 
the middle-aged and elderly populations were at higher risk of developing heat-related 
conditions in 2012 and 2013, respectively. However, all age groups are at risk.  Meanwhile, 
a study by Jongmin et al stated that 16,879 daily heat-related hospitalizations among 
children under five years old (Oh et al., 2024). Children’s vulnerability to high temperatures 
can potentially be explained by physiology, metabolic rate, cardiovascular response, 
behavioral, and self-care ability aspects (Xu et al., 2014). First, in terms of physiology, 
children have a greater body surface area-to-mass ratio than adults. Next, concerning 
metabolism, the greater metabolic rate in children than in adults likewise might cause them 
to be more sensitive to extreme temperatures (Kim et al., 2020). Obese children are less 
tolerant of heat than children of a normal weight (Hoffman et al., 2020). Third, in terms of 
cardiovascular responses, as the core body temperature increases, children have a lower 
cardiac output at a given metabolic rate than adults (Oh et al., 2024). Fourth, regarding 
behavior, children spend more time outdoors and participate in more vigorous activities 
than adults, which results in increased exposure to outdoor heat (Xu et al., 2014). Finally, in 
terms of self-care ability, children, especially neonates, infants, and children younger than 
one year, cannot take care of themselves and thus are dependent on others to protect them 
from unsafe environments (Baldwin et al., 2023; Layton et al., 2020). 

 
3.4 Determinants of heatstroke vulnerability across contexts 

 
The findings of this review indicate that vulnerability to heatstroke is shaped by a 

complex interaction of environmental, socio-economic, and health-related determinants, all 
of which vary across geographic and contextual settings. Rather than being uniform, the 
impact of heatwaves differs significantly depending on local climate conditions, population 
characteristics, and levels of adaptive capacity. This highlights that heatstroke risk is not 
solely a function of temperature exposure but is also mediated by broader contextual 
factors that influence (Oh et al., 2024). exposure and resilience. The impact of human-
produced greenhouse gases on the earth is absolutely inevitable, as a result of climate 
change that has an impact on global warming, extreme weather, heavy rains, heatwaves and 
droughts (Arsad et al., 2022) It is estimated that rising global temperatures will result in 
premature deaths from heat around the world (Gasparrini et al., 2017). The elderly group 
is said to be more at risk of heatstroke as well as their physical susceptibility to high 
temperatures (Oka et al., 2023). As temperatures continue to rise at unprecedented levels, 
health impacts have increased and spread and claimed many lives in recent years. The 
annual death rate of heatstroke in individuals over the age of 65 has increased by 68% in 
the last 20 years and more than a third of deaths in the last 30 years have occurred due to 
climate change (Matsee et al., 2023).  

From the reviewed article, the occurrence of heatstroke occurs in Japan, this is because 
Japan stretches from north to south, this country has a variety of climates. As a result, large 
regional variations in the incidence of heatstroke are expected to occur (Oka et al., 2023). 
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Japan is also the country with the largest elderly population in the world, the elderly often 
suffer from chronic diseases, such as cardiovascular, respiratory, and kidney diseases as 
well as diabetes, which can be affected by heat and are therefore a concern regarding the 
health impacts of climate change. Elderly individuals with low socioeconomic status are one 
of the most vulnerable groups to heat waves because they may lack adequate adaptive 
capacity (Kim et al., 2020). Although the most vulnerable group at risk of heatstroke is the 
elderly group, it does not mean that children are not a vulnerable group, children and the 
elderly are the risk groups for heatstroke, there were 52 children who died from heatstroke 
in the UK in 2018, where this number is predicted to increase in the next 30 years. Large 
body surface and increased heat per kilogram due to metabolic rate and less sweating are 
factors that make children susceptible to heatstroke. There are many scenarios that can 
cause children to be exposed to heat attacks such as children who are trapped in cars, babies 
who are close to the heater, and teenagers who play football on a hot day (Forsyth & Solan, 
2020).  
 
3.5 Health equity and policy implications 

 
The findings of this review indicate that the burden of heatstroke is not evenly 

distributed across populations, with elderly individuals and children consistently identified 
as high-risk groups across the included studies. Evidence from multiple studies shows that 
elderly populations experience higher rates of heat-related morbidity and mortality, 
particularly in the presence of chronic conditions and reduced physiological capacity to 
cope with heat stress (Hess et al., 2014; Oka et al., 2023; Toosty et al., 2021). In parallel, 
children are also shown to be vulnerable, with increased heat-related hospitalizations 
observed during periods of elevated temperature, particularly among younger age groups 
(Oh et al., 2024). These findings suggest that age is a critical determinant of vulnerability in 
the context of heatwave exposure. Beyond age-related susceptibility, the reviewed studies 
also point to the role of environmental and contextual factors in shaping heat-related risks. 
For example, variations in temperature, humidity, and other meteorological conditions are 
associated with fluctuations in heatstroke incidence across different settings and time 
periods (Bai et al., 2014; Deng et al., 2025). In addition, several studies indicate that non-
exertional heatstroke, particularly among elderly individuals, often occurs in indoor 
environments, suggesting that living conditions and prolonged exposure to heat may 
contribute significantly to risk (Toosty et al., 2021). These findings imply that vulnerability 
is influenced not only by external temperature but also by the immediate environment in 
which individuals reside. Although the included studies primarily focus on environmental 
and demographic determinants, they also provide indirect evidence that broader social and 
health-related factors may contribute to unequal risk. For instance, the higher incidence of 
severe outcomes among elderly individuals has been linked to the presence of 
comorbidities and reduced functional capacity (Hess et al., 2014; Oka et al., 2023). In 
addition, patterns such as increased risk among individuals in residential settings or those 
spending extended periods indoors suggest potential links to social isolation and living 
arrangements (Toosty et al., 2021). While these factors are not always explicitly analyzed 
in the included studies, they indicate that vulnerability to heatstroke may be shaped by a 
combination of physiological and contextual conditions. 

These observed disparities highlight important implications for health equity. The 
concentration of heatstroke risk among specific population groups suggests that the 
impacts of heatwaves are experienced unevenly, even within the same geographic area. This 
uneven distribution of risk points to differences in exposure, sensitivity, and capacity to 
respond to extreme heat. While the included studies do not directly measure socio-
economic inequality, their findings are consistent with broader evidence suggesting that 
limited adaptive capacity, whether due to age, health status, or living conditions, can 
increase susceptibility to heat-related illness. These patterns also reveal potential 
limitations in existing public health responses to heatwaves. Many interventions are 
designed at the population level and may not adequately account for differences in 
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vulnerability among subgroups. For example, general heat warnings may not effectively 
reach or protect elderly individuals living alone or caregivers responsible for young 
children. The evidence from this review suggests that without targeted approaches, such 
interventions may have limited effectiveness in reducing risk among the most vulnerable 
populations.  

In response to these challenges, several implications for public health policy and 
climate adaptation can be identified. An appropriate and effective public health response 
must address multiple components including local health services, social and cultural 
characteristics, and availability of human and financial resources to minimize the impact of 
extreme heat on the population. People with diabetes mellitus, cardiovascular, 
cerebrovascular, neurologic, mental, chronic kidney, and chronic obstructive pulmonary 
disease are at increased risk of disease exacerbation and death when exposed to extreme 
temperatures. Additionally, medications such as diuretics, neuroleptics, antipsychotics, 
tranquilizers, and anticholinergics reduce patients’ tolerance to the heat; consequently, 
these patients are at higher risk of insufficient water intake, impaired thermoregulation, 
and death (Kravchenko et al., 2013). Therefore, it is very important for older adults to take 
effective measures to reduce the increase in core temperature and avoid heat-related illness 
or heatstroke during extreme weather. Prevention of classic heatstroke in older adults can 
be achieved in four ways: management of environmental conditions (e.g., using air 
conditioning), hydration (consuming fluids), heat acclimatization, reduction or no use of 
medications that partially alter thermoregulation, and the use of personal cooling systems 
(using electric fans, wearing cooling vests, etc.) (Hifumi et al., 2018).  

While some of these policy implications extend beyond the direct findings of the 
included studies, they are supported by the observed patterns of vulnerability and are 
consistent with the broader literature on climate-related health risks. Overall, the results of 
this review suggest that effective responses to heatwaves require not only an understanding 
of biological susceptibility but also a recognition of the contextual and structural factors that 
shape vulnerability. Integrating these considerations into public health and climate policies 
will be critical for developing more targeted and equitable strategies to reduce heat-related 
health impacts. Due to the variety of study designs in the reviewed articles, the research 
cannot be continued to a more complex meta-analysis stage. 

 

4. Conclusions 
 

This study demonstrates that heatwave exposure is a significant public health concern, 
disproportionately affecting vulnerable populations, particularly the elderly and children. 
According to the included studies, elderly individuals consistently exhibit the highest risk 
of heatstroke due to a combination of physiological decline, comorbid conditions, and 
reduced capacity to adapt to extreme heat. Children, while less frequently associated with 
mortality, remain vulnerable due to physiological sensitivity and dependency on caregivers, 
highlighting the need for age-specific considerations in heat-health responses. Importantly, 
the findings of this review suggest that vulnerability to heatstroke is not solely determined 
by biological factors but is also shaped by environmental conditions and contextual factors 
such as living arrangements and patterns of exposure. This underscores the need to move 
beyond generalized approaches and adopt more targeted strategies that address the 
specific risks faced by different population groups. 

From a policy perspective, several key implications emerge. Heatwave early warning 
systems should be strengthened and integrated into community-level health planning, 
ensuring that alerts are accessible and tailored to high-risk populations, including elderly 
individuals living alone and households with young children. Public health interventions 
should prioritize preventive measures, such as promoting hydration, reducing heat 
exposure, and improving awareness of early symptoms of heat-related illness through 
targeted education campaigns. Long-term climate adaptation strategies must address 
structural determinants of vulnerability, including improving housing conditions, 
expanding access to affordable cooling, and incorporating heat mitigation measures into 

https://doi.org/10.61511/jevnah.v3i2.2026.2625


Hamda et al. (2026)    129 
 

 
JEVNAH. 2026, VOLUME 3, ISSUE 2                                                                                                         https://doi.org/10.61511/jevnah.v3i2.2026.2625 

urban planning. For practitioners, these findings highlight the importance of incorporating 
heat-related risk assessment into routine care, particularly for patients with chronic 
diseases and reduced thermoregulatory capacity. For researchers, this review identifies a 
critical gap in evidence from developing countries, indicating the need for more 
geographically diverse and context-specific studies to better understand heat-related 
health risks globally. 

In conclusion, as climate change continues to intensify the frequency and severity of 
heatwaves, addressing heatstroke requires a comprehensive approach that integrates 
clinical, environmental, and social perspectives. Prioritizing vulnerable populations and 
embedding equity considerations into public health and climate policies will be essential to 
reducing the growing burden of heat-related illness in the future. 
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