
The Spectrum of Heat-Related
Diseases - A Meta-Review
J. Thiel*†, A. Seim†, B. Stephan†, M. Sedlmayr†, E. Prochaska† and E. Henke†

Institute for Medical Informatics and Biometry, Faculty of Medicine and University Hospital Carl Gustav Carus, TUD Dresden
University of Technology, Dresden, Germany

Objectives: Global warming affects health and puts a strain on the healthcare system.
Prediction models can forecast healthcare demand and optimize resource allocation. The
aim of this study was to identify heat-related diseases and their influencing factors
necessary for the development of such a prediction model.

Methods: A literature search was conducted in the PubMed, Embase and Medline
databases. The focus was on reviews of heat-related diseases published within the
past 30 years in the German and English languages. A qualitative synthesis of the
results was conducted.

Results: The literature search produced a total of 737 results. A total of 15 reviews were
included in the synthesis. As a result of the synthesis, a spectrum of heat-related diseases
such as electrolyte imbalances, cardiovascular disease, kidney disease, respiratory
disease, mental health issues, infectious diseases and other diseases were identified.
Furthermore, specific climatic and other influencing factors were determined.

Conclusion: The meta-review highlighted a wide range of diseases that can occur in
connection with heat, along with their influencing factors. The findings can serve as the
basis for developing preventive measures such as a prediction model in order to better
forecast the resource load due to acute heat.
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INTRODUCTION

A global rise in temperature is predicted due to climate change, as a result of which the intensity and
duration of heatwaves are also likely to increase [1]. The consequences for human health are
manifold and range from various illnesses to death [2]. A key challenge of climate change is coping
with rising temperatures and more frequent heatwaves, which are associated with an increased
mortality rate [3]. Heat-related deaths result from a combination of heat exposure and pre-existing
conditions, which makes it difficult to accurately assess health impacts and develop effective
prevention strategies [4]. As a result of climate change, the World Health Organization (WHO)
predicts up to 250,000 additional deaths between 2030 and 2050 [1]. Heatwaves can lead to more
hospital admissions [5, 6] and therefore place an additional burden on the healthcare system [7] and
on the healthcare staff [8]. This can increase the risk of capacity problems [9].

In the literature, heat diseases are defined as conditions that are the direct result of climatically
induced ambient heat in combination with a disturbance of thermoregulation [1, 10]. Heat-related
health problems are manifold and manifest themselves not only as typical heat diseases such as fluid
balance disorders or heat stroke [11], but also as an increased risk of cardiovascular diseases such as
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heart attacks or heart failure [11], respiratory diseases such as
asthma or chronic obstructive pulmonary disease (COPD) [12]
and others. The WHO has emphasized that, in addition to global
climate protection, targeted measures to protect the population
from heat-related health risks are also essential [7]. In 2017, the
German Federal Ministry for the Environment, Nature
Conservation, Building and Nuclear Safety issued
recommendations for the development of heat action plans to
protect public health. These plans should be implemented at both
the state and municipal levels [13, 14]. Approaches to this can be
seen, for example, in the United Kingdom, where plans for
various heat protection measures are implemented in the
summer depending on the temperature [15]. The literature
also shows that the prediction of heat-related patient
admissions is a possible approach [16].

In this context, digital tools could play a valuable role [17].
These could warn both the public and healthcare professionals
about the specific effects of heat events [17]. However, such digital
tools are currently hardly used in Germany, which means that
their potential remains untapped [17]. In order to optimize the
digital transformation of the German healthcare system, the
Federal Ministry of Education and Research is funding
initiatives such as the Medical Informatics Initiative and six
Digital Health Progress Hubs. One of these initiatives, the
Medical Informatics Hub in Saxony (MiHUBx), aims to
develop a predictive tool for hospital utilization during acute
heat events in Saxony [18].

Various exposure, care and modeling data are required for
the development of such tools [19]. These include, for example,
weather data such as temperature and cloud cover, morbidity
data in the observed population, and the socio-demographic
characteristics of the same population [19]. First an overview of
diseases associated with heat is required in order to be able to
investigate and quantify heat-related morbidity in the
population. Existing reviews often focus on individual risk
groups such as outdoor workers [20] or are very disease-
specific, as they are focused on specific diseases such as
kidney disease [21], mental health issues [22] or
cardiorespiratory diseases [23]. However, we are not aware of
any work that provides a comprehensive picture of all possible
heat-related diseases. Consequently, there is currently a lack of a
comprehensive basis that is specifically required for the
development of a prediction model.

The aim of this study is to address this research gap and lay the
groundwork for the development of a prediction model for the
utilization of the healthcare system during acute heat events.
Developing an effective prediction model first requires a deeper
understanding of the relationship between acute heat and specific
diseases in the study area. To our knowledge, there is insufficient
empirical evidence on the relationships between specific diseases
and the utilization of healthcare services, particularly in German
hospitals and especially in Saxony. Only national and state-
specific analyses of individual, selected diseases are available,
to our knowledge [24, 25]. Region-specific analyses, which
enable small-scale predictions and measures, are lacking.

This work is intended to provide a broad overview of the
relevant data, particularly heat-related diseases, in order to be able

to examine the relationship between heat exposure and disease
development in more detail in the future. This should enable the
investigation of correlations between heat and resource
utilization in the healthcare system in general, but especially in
Saxony, and thus also create a basis for the development of
region-specific prediction models.

METHODS

Literature Search
To obtain a comprehensive overview of existing heat-related
diseases, the specific search object was first defined using the
Population, Exposure, Comparison, Outcome and Study Design
(PECOS) framework. Furthermore, concrete inclusion and
exclusion criteria were defined (Table 1). Subsequently,
scientific literature was used to identify relevant search terms.
The individual search terms were combined using Boolean
operators according to the syntax of the databases used:
PubMed (accessed via PubMed), Embase and Medline (both
accessed via OVID). The search strings were subsequently
tested in the respective databases and iteratively optimized
until the desired results were obtained. The final search strings
for PubMed and OVID are provided in the Supplementary
Appendix SA1. To ensure quality, the manuscript was
checked using the PRISMA (Preferred Reporting Items for
Systematic reviews and Meta-Analyses) checklist after
completion of the meta-review [26].

Synthesis of Results
The data analysis process was conducted by five researchers from
the fields of public health, sociology and medical informatics at
the Institute for Medical Informatics and Biometry at the
Technical University of Dresden. The search strings were then
applied to the databases on 15 May 2024. The resulting studies
were exported and afterwards imported into the web-based
collaboration tool Rayyan [27]. Rayyan automatically screened
the imported studies for duplicates. One of the reviewers
manually verified that the flagged studies were indeed
duplicates and removed them accordingly. For the remaining
studies, a title-abstract screening (TAS) was subsequently
performed. To ensure TAS quality, 20 studies were
independently screened by all reviewers, who discussed their
decisions. The remaining studies were then divided among the
reviewers and a full TAS was performed. The studies were sorted
alphabetically by author, and each reviewer was assigned a
quarter of them. One reviewer assessed all included studies.
This was conducted in blind mode, whereby each study was
always screened independently by two reviewers. In case of
conflicts, the respective study was discussed and if necessary, a
third reviewer was involved to resolve it.

Next, the studies that met the inclusion criteria in the TAS
underwent a full-text screening (FTS), following the same process
as the TAS. Finally, an analysis of the full texts and extraction of
relevant results was using a pre-designed extraction table. During
data extraction, two reviewers analyzed the studies
independently. The individual tables of the reviewers were
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then consolidated into a single results table. Information on the
individual diseases, the study population, climatic factors
influencing disease development and other influencing factors

was extracted. To ensure the accuracy and completeness of the
data, this consolidated table was reviewed and verified by
all reviewers.

TABLE 1 | Inclusion and exclusion criteria (Dresden, Germany, 2024).

Category Inclusion criteria Exclusion criteria

Patient/
Population

Human population (regardless of age, gender, or pre-
existing conditions)

Animals

Exposure Weather-related heat exposure No heat exposure or no weather-related exposure (e.g., saunas, Occupational exposure
such as from welding)

Comparison Varying degrees of heat exposure, influence of additional
factors

-

Outcome Diseases identified in connection with heat exposure Other outcomes besides heat-related diseases
Study Design Published reviews/meta-analyses in German/English Pre-prints, non-reviews/non-meta-analyses (comments, primary studies, etc.), and

different languages

FIGURE 1 | Flowchart with an overview of the identified, included and excluded studies (Dresden, Germany, 2024) [36].
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RESULTS

Identified Studies
A total of 737 search results (PubMed: 404; OVID: 333) were
retrieved. After removing duplicates, 719 studies were included in
the TAS. The majority of exclusions (618) occurred during the TAS.
During the FTS, a further 86 studies were excluded due to missing
full texts (13) or not meeting the inclusion criteria (73). Finally,
15 studies, published between 1998 and 2024, were included in the
final analysis [10–12, 20–23, 28–35]. A detailed overview of the
number of studies included and excluded during the analysis process
can be found in the PRISMA flowchart (Figure 1).

Characteristics of the Included Reviews
All articles reported on heat-associated diseases, climate-related
factors, and general risk factors. Nine of the 15 included studies
did not focus on a specific population group [11, 12, 21, 23, 29–31,
34, 35]. The remaining six works examined specific risk groups
such as athletes, outdoor workers, diabetics, intensive care
patients and individuals with mental conditions [10, 20, 22,
28, 32, 33]. There were no restrictions on the study population
based on sociodemographic characteristics. All other included
articles were published within the last 10 years from the start of
the search, except for the one by Noakes (1998) [33].

Identified Heat-Related Diseases
The articles provided a general overview of heat-related diseases.
These were reported as free text or as diagnostic codes from the
“International Statistical Classification of Diseases and Related
Health Problems” (ICD), versions 9 or 10, in addition to a
combination of free-text and ICD codes. Overall, the results of
the review demonstrate that heat exposure can affect a wide range of
acute and chronic diseases, with health consequences that can be
both physical and psychological. The following section describes the
identified diseases:

Heat-Specific Diseases: Heat-specific diseases occur
exclusively due to heat exposure and include heat cramps, heat
collapse (also known as heat exhaustion or heat syncope) and
heat stroke [10–12, 21–23, 28–30, 34, 35].

Water and Electrolyte Imbalances: Among the most commonly
reported conditions related to heat were water and electrolyte
imbalances, such as dehydration or hypernatremia [28, 33, 35].

Cardiovascular Diseases: Heat exposure increases the risk of
cardiovascular diseases, including heart attack (myocardial
infarction), heart failure and heart stroke. Acute coronary
syndrome and out-of-hospital cardiac arrest have also been
associated with periods of extreme heat [11, 21, 23, 32].

Kidney Diseases: Both acute and chronic kidney damage and
diseases have been reported in association with heat exposure
[11, 21, 30].

Respiratory Diseases: Respiratory conditions, such as chronic
obstructive pulmonary disease (COPD), asthma and acute
respiratory failure, often worsen during periods of high
temperatures [23, 30, 32].

Mental Health Diseases: Heat exposure is also linked to
mental health conditions such as schizophrenia and other

disorders, including bipolar disorder, dysthymia and
depressive disorders [22].

Infectious Diseases: Acute heat events can also influence the
prevalence of infectious diseases such as malaria, along with
respiratory infections such as pneumonia [30].

Other Diseases: Additional conditions identified in this meta-
review include fatigue and general diarrheal diseases. Notably,
there is an increase in heat-stress-related accidents, such as
exhaustion and loss of consciousness [10, 20].

Climatic Influencing Factors
As part of the meta-review, various climatic factors were
identified that are associated with the occurrence of heat-
related diseases - these are shown in detail in Supplementary
Appendix SA2. Temperature was consistently mentioned as a key
factor, playing a central role in all the studies considered. In
addition, (relative) humidity and in some cases air pressure, wind
movement, and direct sunlight were described as climatic
influences [10–12, 20, 28–30, 32–35]. Several studies referred
to combinations of these factors, such as temperature and
humidity or temperature, humidity and wind movement.
Furthermore, air quality or air pollution in combination with
temperature was also considered an additional influencing factor
in some studies. Other reviews reported the use of a specific heat
index in studies, designed to better account for the combination
of these individual factors and their possible interaction effects
between environmental factors [10, 20, 32, 33].

Other Influencing Factors
In addition to climatic conditions, a variety of other factors
influencing the risk of heat-related diseases were identified in
the analyzed studies (see Supplementary Appendix SA2).
Frequently mentioned risk factors include age (particularly
individuals over 65 years and children) and gender
(predominantly male). Furthermore, individual characteristics
and behaviors were described as risk factors, such as existing
or impending dehydration, sweating, intense physical activity
(e.g., physical labor), lack of acclimatization and wearing
weather-inappropriate clothing. It was also found that pre-
existing conditions, such as cardiovascular diseases, diabetes
mellitus, skin abnormalities, and conditions such as chronic
kidney disease or mental disorders, increase susceptibility to
heat-related diseases. Additionally, factors such as low
socioeconomic status, lack of access to fluids, insufficient rest
breaks and inadequate sun protection were extracted as risk
factors from the included reviews. Other risk factors include
drug and alcohol use, medication intake, previous heat-related
injuries, and increased physical strain due to manual labor or
intense athletic activities - particularly in the sun and without
sufficient hydration and breaks [10–12, 20–23, 28–35].

DISCUSSION

The meta-review provided a comprehensive overview of heat
diseases supported by a high level of evidence. The study
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highlighted the wide range of heat-related diseases, from those
specific to heat exposure to infections and mental health
conditions. While many of these conditions are not exclusively
caused by heat, heat exposure often acts as a contributing factor
within a multicausal framework. This should be taken into
account when examining these diseases and calls for further
research to investigate and quantify their exact influence on
pathogenesis.

A similar meta-review- that provides an overiew of heat-
related diseases could not be found in the preliminary work
for this meta-review. It is therefore difficult to classify it in the
research context. The meta-review is particularly characterized by
its general broad overview, which is also reflected in the diversity
of the results. The included reviews often only provided an
overview of one or more risk groups, such as patients in
intensive care [28], mental diseases [22] or cardiorespiratory
effects [23]. The partly emerging heterogeneity of the included
studies also revealed problems related to the lack of
standardization with the type of reporting of diseases
(different ICD versions and/or free text).

The majority of reviews identified male gender as a risk factor
for heat-related diseases, as reported by study teams led by Cheng,
Santelli, Gauer, Liu, Wu and Moon [10, 21, 23, 32, 34, 35].
However, Xu et al. found that the female gender posed a risk [11],
while Arsad et al. reported an elevated risk for both genders [12].
Although no definitive conclusion regarding gender can be
drawn, the male gender was more frequently reported as a risk
factor. Age was consistently recognized as a risk factor, with both
children and the elderly being particularly vulnerable. This aligns
with the recommendations from the WHO’s heat action plans,
which emphasize protecting these populations [7]. These findings
are also consistent with research on other heat-associated
conditions, such as asthma [37, 38] and diabetes [39], where
both extremes of age are recognized as risk factors.
Socioeconomic status similarly emerged as a key risk factor,
reflecting WHO recommendations and broader scientific
discussions [7]. For example, lower-income populations may
live in hotter environments or may have difficulty accessing
adequate cooling measures, such as air conditioning [40, 41].

This study also suggested possible interaction effects between
different diseases. For example, established associations between
heat exposure, dehydration and diseases such as cardiovascular
conditions, as discussed by Watso et al. [42], were reinforced by
this review. However, health effects directly attributed to solar
radiation, such as sunburn, were excluded. This highlights the
specificity of the search strategy, which effectively isolated heat-
related outcomes while minimizing irrelevant findings.
Furthermore, this emphasizes the importance of systematically
capturing the health impacts of heat and potential adaptation
strategies. A conclusion that was also drawn in previous reviews
on heat-related health outcomes and adaptation measures [43].
Nevertheless, in future models that account for pre-existing
conditions, such damages due to solar radiation should be
considered, as they contribute to the seasonal burden on
healthcare systems.

In addition to analyzing the associations between heat and the
identified health conditions, future research should place greater

emphasis on potential adaptation strategies and their impact on
morbidity. Initial evidence suggests that the implementation of
such strategies may contribute to a reduction in heat-related
health outcomes. However, it remains unclear which specific
measures are the most effective, due in part to the
multifactorial nature of the underlying mechanisms and the
complexity of contributing factors. Accordingly, future studies
should aim to identify and analyze the key influencing factors of
specific conditions and evaluate adaptation strategies within their
respective regional contexts [43, 44].

Strengths and Limitations
The meta-review summarized the results of studies on heat-related
diseases conducted over the last 30 years, providing a
comprehensive overview with a high level of evidence. However,
it was also shown that the exact quantification of existing
relationships is lacking. This also led to a limitation of the
study, which is that no exact statements can be made about the
influence of heat on pathogenesis. In addition, it was not possible to
estimate the exact influence of heat or other factors on disease
manifestation. It should be noted that the quality of the individual
reviews was not assessed separately. This is often recommended in
the literature [45] in order to assess the significance of the
individual studies and to incorporate their results differently
based on the quality of the synthesis. As this study only
included reviews that had already been published and subjected
to quality checks, and a purely qualitative overview of existing
diseases was compiled, the risk of bias was rather low. Nevertheless,
it cannot be ruled out that certain groups of people may be over- or
underrepresented. In addition, a high degree of heterogeneity was
shown with regard to the use of different ICD versions and variants
or even the use of free text, which makes it difficult to compare the
studies with each other. Semantic standardization is a prerequisite
for conducting detailed statistical analyze. Additionally, there was a
potential for duplication of primary studies across different
reviews, although this was unlikely to introduce significant bias,
as no quantitative effect sizes were calculated in this work. It should
also be noted that no publicly accessible protocol was created for
this study, nor was it registered in an appropriate database, which
could potentially impact the transparency of the research process.
However, this did not necessarily diminish the quality of this work,
as all steps were documented in a comprehensible and
transparent manner.

Conclusion
The initial objective of the meta-review - to create a comprehensive
overview of heat-related diseases - was achieved, providing a
foundation for the development of prediction models for acute
heat events. A wide range of diseases was identified, including
not only heat-related conditions such as heat stroke, but also
other diseases such as electrolyte imbalances, cardiovascular and
respiratory diseases, kidney diseases and mental health conditions,
along with an increased incidence of some infectious diseases. It is
important to emphasize that these diseases are influenced by more
than just heat. Through the review, it was possible to identify climatic
factors such as temperature and humidity and other influencing
factors such as age, gender and socioeconomic status.
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In conclusion, this work provides a broad overview of diseases
that can occur in the context of heat exposure. This overview can
serve as a basis for further research and the development of
specific measures. Therefore, our work provides a promising step
to support the development of forecast models and the targeted
design of heat action plans, in addition to general preventive
measures. However, further research is needed, particularly
regarding the quantification of the exact influence of heat on
the development of the identified diseases. In this context, the
climatic and other influencing factors highlighted in the meta-
review should also be explicitly considered.
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