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Abstract
Purpose – The interconnections between climate change and health are well studied. However, there is a
perceived need for studies that examine how responses to health hazards (e.g. cardiovascular diseases, ozone
layer effects, allergens, mental health and vector-borne diseases) may assist in reducing their impacts. The
purpose of this paper is to review the evidence on health responses to climate hazards and list some measures
to address them.
Design/methodology/approach – A mixed literature review, bibliometric analysis and an original
online survey were undertaken on 140 participants from 55 countries spread across all geographical
regions.
Findings – The bibliometric analysis identified that most climate-related health hazards are
associated with extreme weather events. However, only one-third of the investigated papers
specifically analysed the connections between climate change and health hazards, revealing a
thematic gap. Also, although Africa is highly affected by climate change, only 5% of the assessed
studies focused on this continent. Many respondents to the survey indicated “heat distress” as a
significant vulnerability. The survey also identified social determinants relevant to climate-induced
health vulnerabilities, such as socioeconomic and environmental factors, infrastructure and pre-
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existing health conditions. Most respondents agree that policies and regulations are the most
effective adaptation tools to address the public health hazards triggered by climate change. This
paper presents some suggestions for optimising public health responses to health hazards
associated with climate change, such as the inclusion of climate-related components in public health
policies, setting up monitoring systems to assess the extent to which specific climate events may
pose a health threat, establishing plans to cope with the health implications of heatwaves, increased
measures to protect vulnerable groups and education and awareness-raising initiatives to reduce
the overall vulnerability of the population to climate-related health hazards. These measures may
assist the ongoing global efforts to understand better – and cope with – the impacts of climate
change on health.
Originality/value – The combination of a literature review, bibliometric analysis and an original world
survey identified and presented a wide range of responses.

Keywords Climate change, Extreme weather, Health hazards, Bibliometric analysis,
Climate change responses, Adaptation responses

Paper type Literature review

1. Introduction
It is widely acknowledged that human well-being can be influenced by various
environmental factors, including climate change. Indeed, awareness about such connections
dates back centuries. For example, the Greek doctor Hippocrates (around 400 BC) associated
some plagues with periodic weather variations. Also, he suggested that doctors consider the
annual seasons and illnesses they generate, unusual air moving conditions and water
quality as variables associated with some diseases (McMichael et al., 2003).

As time went by, Hippocrates was right about his observations. Moreover, his
viewpoints about the influences of the environment – and of the climate – on human health
appear to be accurate, particularly concerning infectious diseases (Falagas et al., 2010).

The key findings from the Sixth Assessment Reports issued by the Intergovernmental
Panel on Climate Change (IPCC) (IPCC 2021) depict the seriousness of climate change as a
global problem and accentuate the need for immediate interventions. In this context, global
warming by roughly 1.0°C beyond pre-modern levels since the 1950s and its effects on ocean
levels (Allen et al., 2018), or human-induced greenhouse gas emissions leading to ocean
acidification (Pachauri et al., 2014), are worrying trends.

Also, there is broad recognition that climate change affects human health through four
predominant components:

(1) increases in temperatures;
(2) extreme weather events;
(3) rising sea levels; and
(4) high concentrations of carbon dioxide.

These climate-related components are associated with health-related and environmental
outcomes (heat-related diseases, expanding allergens, water quality-related diseases,
environmental degradation or vector-borne diseases). Therefore, because of its impacts,
climate change is expected to negatively influence the achievements of the Sustainable
Development Goals (SDGs), especially SDG3 (Good Health and Wellbeing) and SDG13
(Climate Action), among others (Leal Filho et al., 2021).

The seriousness of the impacts depends on the exposure of an individual or a specific
population (Centers for Disease Control and Prevention, 2021). Moreover, climate change
may affect human well-being both directly (dry seasons, floods and hot spells) and indirectly
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(e.g. decreased soil fertility because of droughts, leading to crop failures), depending on
ecological, social and general health determining factors (Campbell-Lendrum et al., 2018).

For instance, between 1990 and 2017, the Western Pacific Region and Africa
experienced rises in heat by 33.1%–36.6% and 28.4%–31.2%, respectively. In
addition, because of its ageing population and high urbanisation, the European
continent is quite vulnerable to heat exposure. The number of older adults suffering
from heatwave exposures reached 220 million in 2018, exceeding the previous record
set in 2015 (Watts et al., 2019).

From 2015 to 2018, 152 countries around the globe recorded wildfires, breaking the
records seen in 2001–2004 (Watts et al., 2019). Also, alterations in climatic conditions
promote the transmission of many infectious diseases (WHO, 2016) and, in some cases,
starvation (Bell et al., 2016).

This paper addresses a gap in the literature on climate change and health hazards
from a global perspective. Several studies (Head, 2014; Watts et al., 2015; Van Woezik
et al., 2016; Herring et al., 2018; Awuor et al., 2020) have asserted that many climate
change-related factors such as extreme weather, rising surface temperatures and sea
levels, melting ice and snow, on the one hand, and floods, hurricanes or droughts, on
the other, create health hazards which influence the quality of life of millions of people
around the world (Akhtar, 2020; Javadinejad et al., 2020; Bell et al., 2018). These are
paralleled by economic losses, social and ecological disruptions and technological
challenges (Oven et al., 2012; Head, 2014; Wang and Horton, 2015; Van Woezik et al.,
2016), which are often worsened by a lack of adequate policies (Myers et al., 2012),
especially those which may help to reduce their risk and hazards to health (Curtis
et al., 2017; Wistow et al., 2015).

Numerous international collaborative studies, such as the Lancet countdown, have
reviewed how weather affects health and may create health hazards across the globe (Cruz
et al., 2020; Ebi and Bowen, 2016; Hashim and Hashim, 2016; Watts et al., 2015; Costello et al.,
2009). For example, because of extreme heatwaves, there is a noticeable call-out rate of
hospital ambulances and admission because of massive cardio-vascular problems and
hyperthermia (Wang and Horton, 2015; Hajat et al., 2007).

As far as the environment is concerned, phenomena such as extreme heatwaves increase
soil aridity lead to reduced availability of water and may also lead to losses of biodiversity
(Huang et al., 2013; Schultz et al., 2015; Reid et al., 2016; Curtis et al., 2017; Rossiello and
Szema, 2019).

Changes in temperature and precipitation may also increase the risks associated with
vector-borne diseases such as rift valley fever, dengue fever and malaria, among many
others (Curtis et al., 2017; Rossiello and Szema, 2019). In addition, mental health is also
threatened in the long term by physical morbidity because of exposure to phenomena such
as floods (Mason et al., 2020).

Table 1 summarises the main climate stressors and associated health hazards.
Table 2 shows an overview of some of the literature on the health impacts of extreme

climate events.
Departing from the fact that research on the connections between climate change

and public health is essential in deciding what adaptation measures are needed, this
study aims to review the evidence on health responses to climate hazards and
presents the results of a world study where a wide range of responses was identified
and presented, along with some of the measures which may assist in implementing
them.
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Climate-related health
hazards Description and references

Cardiovascular diseases
(CVDs)

Although the human body can adjust to environmental stressors, extreme
temperatures and air pollution increase the risk of developing cardiovascular
diseases (Giorgini et al., 2017)
A study developed in the UK and India indicated that a combination of active
transportation and replacement of high carbon dioxide emitting vehicles with
low carbon dioxide emitting vehicles results in fewer Years of Life Lost (YLL)
from Ischemic Heart Diseases (IDH) by approximately 15–17% on average
(Woodcock et al., 2009)
High temperatures affect the respiratory systems by making the air dry,
complicating blood flow and at times the association with air pollution places
citizens at risk (Demain, 2018)

Ozone layer effects Depending on the exposure to radiation and the geographical distribution of the
population, the depletion of the ozone layer and particulate material impacts
health leading to an increased number of premature deaths (Orru et al., 2017)
The increased exposure to ultra-violet radiation poses both pros and cons to
human health. An advantage is the production of Vitamin D in the skin and
sterilisation of the freshwater used for drinking and sanitation. Nevertheless, at
the same time, the disadvantage includes conditions like cataracts, skins
cancers like melanoma and activation of infectious diseases (Andrady et al.,
2017)

Consumables/Greenhouse
emissions (GHG)

The excessive use of coal, oil and gas increases the number of greenhouse
fumes that eventually add together to magnify global warming, disrupting the
human body’s well-being and mental health (Barrett et al., 2015)
A study developed in the UK and India showed that combining active travel
and low emission transport vehicles would provide higher health benefits
(Woodcock et al., 2009)

Allergens Global warming has caused widespread allergens that trigger many allergic
responses, generating autoimmunity in formerly disease-free populations and
aggravating allergic respiratory diseases. Moreover, it changes the antigenic
profile, overpowering the body’s ability to bear it "Over the Counter” (OTC) use
of antibiotics leading to antimicrobial resistance has further worsened the
scenario. This microbial imbalance has promoted infectious diseases (Ray and
Ming, 2020)

Maternal/foetal health A systematic review (Kuehn and Mccormick, 2017) showed that the climate
change effects were compared with the health of pregnant women and their
foetuses, suggesting that the warming climate has led to a rise in the
population’s frequency of heatwaves with adverse effects on maternal and
foetal health. It has affected the gestational age and the foetal well-being in a
mother’s womb and impacted the child’s health after delivery in the form of
neonatal stress. A temperature of 42°C is considered extraordinarily high
Exposure to such heat has consequently shown an increase in preterm
deliveries, which is birth before the completion of the gestation period
(generally between 37 and 42weeks). The second most common outcome of
heat exposure is the baby’s low birth weight at the time of delivery, leading to a
rise in the Neonatal Intensive Care Unit (NICU) because of heat inflicted stress,
sometimes leading to death (Kuehn and Mccormick, 2017)

Mental health A systemic review (Palinkas and Wong, 2020) identified various factors
affecting mental health because of climate change and duration (acute, sub-
acute and long-lasting/chronic)
The critical or acute phase, including climate-related disasters that spread
rapidly on a large scale, induces psychological conditions such as major

(continued )

Table 1.
Summary of climate-
related health
hazards
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2. The need for adequate responses to health hazards related to climate
change
Anthropogenic activities account for most greenhouse gas emissions, resulting in climatic
changes, including erratic weather patterns and increases in extreme climate events. Their
effects severely impact the global population, targeting public health (Tong and Ebi, 2019).
The World Health Organization (WHO) estimates that between 2030 and 2050, climate
change impacts could lead to about five million additional deaths globally, from diarrhoea,
malaria, malnutrition and heat stress alone, plus direct damages to health-care systems,
estimated at $2–4bn per annum (WHO, 2018). Because of their stressed and weak health-
care management and existing health inequalities, developing countries are more likely to be
severely affected by climate change than developed countries (Patz et al., 2007). Thus, health
risks and hazards are predominant in developing countries where communities are highly

Climate-related health
hazards Description and references

depression, anxiety, stress, post-traumatic stress disorder (PTSD) and insomnia
because of the stressor. It persisted for several months and sometimes up to a
year
Subacute conditions (like heat waves) are associated with violent and illicit
manners in a person
It is leading to a surge in the cases of suicides and physical abuse in adult men
particularly. Increased temperatures also affect thyroid function, reducing
hormone activity and causing thyroid diseases that clinically present as
tiredness and flawed thinking. It was estimated that temperatures above 30°C
promoted psychological conditions by 0.5%, and every one °C warming within
five years increased this rate by 2%. This usually occurs as a response at two
levels:

(1) A physical-level response is stimulated by heat, trauma, scarcity of food
and illnesses
(2) A community-level response because of socioeconomic damage to the
environment and disrupted surroundings

The predominant psychological effects because of fear, lack of knowledge of
climate change and its consequences result in a variety of mental health
conditions which includes psycho-terratic syndrome (the emotions through
which a human relates to his planet) and the following disorders like eco-
anxiety (worrisome state concerning future of the Earth), eco-paralysis and
solastalgia; an emotional form of existential crisis because of environmental
distresses
The young generation is a high-risk population for such conditions (Palinkas
and Wong, 2020)

Vector-borne diseases Climate change is critical in spreading vector-borne diseases, significantly
impacting mosquito-borne diseases (MBD). Besides, the lack of health facilities
makes the human population much more susceptible to the outspread of MBD.
High temperatures and humid environments favour the spread and regrowth of
these vector-borne diseases (both consequences of global warming)
This situation is worsened when the affected population faces a scarcity of
health facilities, inadequate treatment options and damage to available
resources by environmental catastrophes (Leal Filho et al., 2019)
Climate change and public health research are fundamental in deciding what
adaptation measures are needed Table 1.
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Table 2.
Overview of some of
the literature on the
health impacts of
extreme climate
events

Title Focus Author(s)

Impact of extreme weather events and
climate change on health and social care
systems

Impacts on health and social care
systems

Curtis et al. (2017)

Impacts on health of climate extremes Focus on infectious diseases and
the effects of extreme weather
events on mortality

Hales et al. (2003)

Extreme events as sources of health
vulnerability: Drought as an example

Focus on drought and health
vulnerabilities

Ebi and Bowen (2016)

Health impacts of extreme events Focus on the relationship between
climatic elements with the various
diseases in Khoozestan province

Javadinejad et al. (2020)

Extreme Weather Events and Human
Health: A Global Perspective

This book provides insight into
different extreme weather events in
various countries

Akhtar (2020)

Changes in extreme events and the
potential impacts on human health

Focus on changing extreme
weather events and examples of
the possible effects on human
health and infrastructure

Bell et al. (2018)

Climate Change, Extreme Weather
Events, and Human Health Implications
in the Asia Pacific Region

Focus on Asia Hashim and Hashim (2016)

Climate change, extreme weather
events, air pollution and respiratory
health in Europe

Focus on weather extremes and
respiratory health effects in
European countries

De Sario et al. (2013)

Mental Health and Weather Extremes
in a South-eastern US City: Exploring
Group Differences by Race

Mental health and weather
extremes in the USA

Mason et al. (2020)

Effect of Extreme Weather Events on
Mental Health: A Narrative Synthesis
and Meta-Analysis for the UK

Mental health and weather
extremes in the UK

Cruz et al. (2020)

Health Effects of Climate Change-
induced Wildfires and Heatwaves

Health effects of wildfires and
heatwaves

Rossiello and Szema (2019)

The potential impacts of climate
variability and change on health impacts
of extreme weather events in the United
States

Extreme weather conditions in the
USA and health impacts

Greenough et al. (2001)

Impacts of Extreme Events on Human
Health. The Impacts of Climate Change
on Human Health in the United States:
A Scientific Assessment.

Extreme weather events in the
USA and health effects

Bell et al. (2016)

Critical Review of Health Impacts of
Wildfire Smoke Exposure.

Wildfire smoke exposure and
health effects

Reid et al. (2016)

Managing the Health Effects of
Temperature in Response to Climate
Change: Challenges Ahead

Temperature and health impacts Huang et al. (2013)

Climate Change and Human Health
Impacts in the United States: An
Update on the Results of the US
National Assessment.

Weather extremes in the USA and
human health impacts

Ebi et al. (2006)
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susceptible to climate-sensitive diseases, respiratory, vector and water-borne diseases
(Seneviratne et al., 2017; Smith et al., 2014; Watts et al., 2018).

The literature indicates other diverse climate-related health consequences, including
heatstroke, asthma, preeclampsia, preterm birth, low birth weight and cardiovascular
diseases (Yang et al., 2020; Poursafa et al., 2015). For example, during the heatwave of the
summer of 2003, more than 70,000 excess deaths were recorded in Europe (WHO, 2018).
Also, the rate of social conflicts among individuals that results in intentional injuries and
mortality is exceptionally responsive to temperature changes, which affect the underlying
socioeconomic conditions and individual level of aggressiveness (Parks et al., 2020; Palinkas
and Wong, 2020). In the Global South, the lack of appropriate responses to climate change
vulnerability has created gaps in responding to climate-induced health hazards.

Appropriate policies and responses are vital in preventing the many health hazards
related to climate change and the associated climate-induced illnesses. The WHO and the
IPCC have developed blueprints to help adapt to the health impacts of climate change
(Swinburn et al., 2019; Pachauri et al., 2014). The Paris Climate Agreement was also signed
to prevent a rise in global temperature, thus reducing health risks. However, global
temperature continues to rise (Hoegh-Guldberg et al., 2019; Rocklöv and Dubrow, 2020). The
United Nations (UN) SDGs were also developed to target climate change (Omisore, 2018).
The slow progress in meeting these goals has prompted specific health-related interventions
to deal with climate change health hazards (Omisore, 2018).

Considering the features of the health sector and the dynamics of communities when
planning adaptation strategies is vital to protect vulnerable populations. There are several
barriers to access to quality health-care services in developing countries, including extended
distances to health centres, underfunding, lack of highly qualified physicians and hospital
beds, lack of health awareness and high illiteracy levels among the population (Gilbert and
Dako-Gyeke, 2018). Public health institutions are also often constrained by the uncertainty
of climate change impacts, lack of financial resources, access to and use of technologies,
insufficient social capital, personal knowledge and perceptions, the prioritisation of more
immediate public health challenges and fragmented institutional arrangements (Austin
et al., 2019; Fern�andez-Niño et al., 2018).

At the entire value-chain of public health services, the knowledge gap on the health
impacts of climate change and institutional barriers needs to be addressed to ensure
appropriate action towards climate change adaptation (Austin et al., 2019; Fern�andez-Niño
et al., 2018). Therefore, it is crucial to strengthen action and strategies to address health
concerns associated with climate change, enhance attention to the needs of vulnerable
populations and educate the public about the threats that climate change poses to human
health. In addition, climate change should be mainstreamed into national-level health
policies to promote primary health advancement through sustainable government funding
and resource support (WHO, 2018). Inappropriate responses to climate change could result
in maladaptation and predispose vulnerable populations to extreme health impacts.

Observational studies are carried out to understand the relationships between
meteorological factors and disease toward curbing infection spread (Byrd et al., 2020;
Brubacher et al., 2020). Models are designed to predict future events because of climate
change based on the available data. However, these models are not always accurate because
of unpredictable variables that need to be considered. Therefore, control and prevention
methods are more reliable. Increased diagnosis and treatment of disease is the best way to
control the spread of disease. Other interventions include ensuring a population is vaccinated
for the specific climate-related disease, providing clean water and sanitation and reducing
heat produced in an area to prevent temperature spikes (Rocklöv and Dubrow, 2020).
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3. Methodology
Consistent with the aims of this study, which is to analyse the interconnections between
climate change and health and review the evidence on health responses to climate hazards, a
set of twomethods were used: a bibliometric analysis and a world survey.

The bibliometric analysis was performed by linking climate change and health hazards.
The direct application of keywords such as “climate change and health” and “climate change
responses and health hazards” revealed hundreds of thousands of papers in different
scientific search engines (i.e. in the ScienceDirect search, using the keyword “climate change
and health”, reported over 200,000 results). Based on the dispersion of these publications
(research and review articles, book chapters, conference papers and editorials), the authors
focused their attention only on research articles, sorting them by relevance. Also, to make
the literature review more relevant, manuscripts indexed between 2019 and 2021 on the first
page of the search engine have been analysed. The final set comprises 40 papers.

All articles were further processed in the geographic region in which the research was
focused. Both climate change effects (global warming, extreme weather conditions,
precipitation patterns and other natural disasters) and the health dimensions were analysed.
Finally, the authors ranked papers as follows: 1 – health hazards connected with climate
change only; 2 – health hazards indirectly connected with climate change (with literature
discussion); 3 – health hazards connected with climate change (with research results); and
4 – health hazards connected with climate change with straightforward responses.

In parallel, the authors used a systemic analysis of journal publications that addressed
the impact of climate change on public health through the term co-occurrence analysis
provided by VOSviewer. Some of the health hazards considered included cardiovascular
diseases, respiratory diseases, mental disorders, food-borne diseases, water-borne diseases,
malnutrition and insect-borne diseases. Journal articles published between 2020 and 2021
were selected and examined from scientific databases such as Web of Science and Science
Direct.

The second method used was a questionnaire designed, pre-tested and, subsequently,
distributed online to understand better individual experiences and opinions of climate
change-induced health challenges. The questionnaire was also distributed to the e-mail list
of the European School of Sustainability Science and Research and the International Climate
Change Research and Information Programme. They involve students, researchers and
practitioners across disciplines and countries.

4. Results and discussion
4.1 Results of the bibliometric analysis
The results of the bibliometric analysis are shown in Figure 1.

Based on the bibliometric analysis, most health hazards are associated with extreme
weather (43.5%), such as droughts, frosts, storms, heatwaves, wildfires or global warming
(40.3%), mainly in terms of higher temperatures than average. This categorisation concurs
with the IPPC reports, emphasising that most adverse changes in the atmosphere caused by
climate alteration are changes in global mean temperatures and global water cycle
deviations, causing precipitation pattern variations between wet and dry regions and the
occurrence of extreme weather (Stocker et al., 2013). According to the WHO, the health
hazards associated with climate change include cardiovascular diseases, respiratory
diseases (including aeroallergens), mental disorders, food-borne diseases, water-borne
diseases, malnutrition and undernutrition and insect-borne diseases (WHO, 2018).
Regarding the types of health hazards, the authors mostly covered cardiovascular diseases
(31.1%), followed by water-borne diseases (26.7%) and respiratory diseases (22.2%).
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When it comes to the connections between the two dimensions, (i) climate change and (ii)
health hazards, only one-third of the papers researched both, while almost another third
(28.9%) only mention the potential correlation between health hazards they analysed and
climate change. In comparison, 22.2% supported their research of one dimension with a
literature discussion of the other. Finally, only 15.6% of papers investigated health hazards
related to climate change, with clear responses on combating their effects. The analysis of
the geographic focus showed that authors tried to examine this phenomenon on a global
scale (28.9%), followed by studies on climate impact on the health of European citizens
(24.6%). Although Africa is recognised as a region highly affected by climate change, only
5% of studies investigated Africa, while no studies covered South America. Co-authors were
mainly from Europe (34.0%), followed by Asian and North American scholars (with 20.0%
each) and Australia (including New Zealand) participating in 14.0% of papers.

4.2 Results of the survey
The survey questions (Qs) were completed by 140 participants: 58.6%males, 40.7% females
and one gender-neutral participant (0.7%). Table 3 summarises the descriptive statistics of
study participants. A total of 55 countries worldwide were represented, with most of them
residing in Africa (32.1%), Europe (28.6%) and Asia (21.4%), while the rest reside in North
America (9.3%), Oceania (4.3%) and Latin America and the Caribbean (4.3%).

Figure 2 shows the countries which took part in the study. The participants were mostly
aged 39–48 years (30.9%), followed by those over the age of 58 years (28.1%), those aged 49–
58 years (18.7%) and those aged 29–38 years (17.3%), while the youngest age group (18–28
years) was the least represented (5.0%). A vast majority (89.9%) of them have postgraduate
education, followed by those with bachelor’s qualifications (7.2%) and high school
education (2.9%). They are mainly trained professionals (36.0%), upper management
(16.5%) and lower management employees (16.5%), retirees (10.1%), students (6.5%),
consultants (5.0%) and administrative staff (3.6%). About a third (33.1%) have an average
monthly household income of over US$3,000, followed by those earning US$1,001–1,500
(17.6%) and those earning less than US$500 (15.4%). While only 6.5% were not under
lockdown because of the COVID-19 pandemic, 48.2% and 45.3% were under full and partial
lockdown, respectively.

Climate variability is associated with an escalation in several non-communicable and
infectious diseases. Understanding people’s experience of climate-induced health
vulnerabilities can help tailor public health interventions to address the burden of public
health challenges (Salata et al., 2017). Hence, assessing the nexus between climate impacts
and related health vulnerabilities is necessary. In response to a question about the principal
climate-induced vulnerabilities, “Feeling hot” registered the least number of responses
(1.4%), while a substantial portion of the respondents (36.9%) pointed to “Heat distress” as
the core vulnerability. “Breathing problems”were considered the second principal challenge
(19.1%). Heat stress is acknowledged as one of the consequences of climate change in urban
areas. Its impacts cut across the economy, society, environment and human health. Given
the escalating rate of urbanisation and economic development in urban areas, heat stress
would likely increase (Guo et al., 2017).

Moreover, Tawatsupa et al. (2012) argue that heat stress can interfere with an
individual’s daily activities, such as sleep, work, domestic activities and exercise, with
implications for their health and well-being outcomes (emotions and life satisfaction).
Furthermore, breathing problems can be attributed to various issues such as asthma,
chronic obstructive pulmonary disease and temperature increase, among others.
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Results from Table 4, which includes the responses to five survey questions (Q1–5), show
that most respondents are vulnerable to “Heat distress” and “Breathing problems”, which
underscore the urgency of a better understanding of climate-induced health vulnerabilities.
This comes with direct implications for SDGs such as SDG3, aiming to improve all ages’

Table 3.
Descriptive statistics
of study participants

Gender No. (%) Age No. (%)
� Male 82 58.6 � 18–28 years 7 5.0

� Female 57 40.7 � 29–38 years 24 17.3

� No answer 1 0.7 � 39–48 years 43 30.9

Region of Residence � 49–58 years 26 18.7

� Africa 45 32.1 � Over 58 years 39 28.1

� Asia 30 21.4 Level of education

� Europe 40 28.6 � High school 4 2.9

� Latin America and the Caribbean 6 4.3 � Bachelor 10 7.2

� North America 13 9.3 � Postgraduate 125 89.9

� Oceania 6 4.3 Occupation

Average monthly household income � Administrative staff 5 3.6

� Below $500 21 15.4 � Trained professional 50 36.0

� $500 to $1,000 24 17.6 � Retired 14 10.1

� $1,001 to $1,500 14 10.3 � Upper management 23 16.5

� $1,501 to $2,000 14 10.3 � Middle management 18 12.9

� $2,001 to $2,500 11 8.1 � Junior management 5 3.6

� $2,501 to $3,000 7 5.1 � Student 9 6.5

� Above $3,000 45 33.1 � Consultant 7 5.0

Stage of lockdown at the height of the COVID-19 pandemic � Unemployed 2 1.4

No lockdown 9 6.5 � Temporary employee 3 2.2

Full lockdown 67 48.2 � Skilled labourer 2 1.4

Partial lockdown 63 45.3 � Self-employed/Partner 1 0.7
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healthy lives and well-being. It is also consequential for SDG11 on developing sustainable
cities and communities. The responses to Q1 can inform attempts to determine the scope of
the climate vulnerability assessments. They also suggest some social determinants of health
that need to be considered in addressing climate-induced vulnerabilities to health, such as
socioeconomic factors, environmental factors, infrastructure and pre-existing health
conditions. Thus, detrimental impacts on human health include reduced well-being and
increasing incidences of heat-related illnesses and mortality (Guo et al., 2017). In addition,
aggravated heat exposure can be detrimental to physical health, including heart strokes and
mental health challenges (Lemonsu et al., 2015; Salata et al., 2017).

In terms of climate change awareness creation, the majority of respondents (80.0%)
consider “Social media” as the most effective tool, while “Religious scholars” and
“Community awareness” are jointly considered as least effective (0.7%). According to the

Figure 1.
Sankey chart
showing the

distribution of types
of analysis associated
with climate change

and health

Figure 2.
Countries that took
part in the survey
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sample, the responses to Q2 help identify the effective media for creating climate awareness.
The international nature of the respondents implies such views cut across nationalities and
can help inform global response measures. Education is a critical aspect of the worldwide
response to climate change. When people are climate literate, they understand their role in
the dynamics of climate change (Donkor et al., 2019). This understanding is vital to

Table 4.
Online survey
questions (Qs) and
responses

Questions (Q) Responses (%)

Q1. Have you experienced any health
problems related to alterations in the
climate over the past years? If so, which
health problem? “Major vulnerabilities
to climate change"

Not applicable: 0.7
Itching, humidity and mental stress: 0.7
None: 2.1
Feeling too hot: 1.4
Feeling too cold: 6.4
Heat distress: 36.9
Blood pressure issues: 7.1
Breathing problems: 19.1

Q2. Which of the following platforms
significantly influence people’s
awareness about climate change in their
lifestyle?

Religious scholars: 0.7
Telephone (e.g. WhatsApp): 14.3
Government agencies: 32.9
Social media: 80
Internet: 60
Newspaper: 25.7
Community awareness: 0.7
Radio: 30.7
Television: 78.6

Q3. What are the significant health
hazards from the effects of climate
change?

None: 0.7
Others: 1.4
Injuries and fatalities: 18.6
Nutritional shortages and food insecurity: 60
Respiratory and cardiovascular diseases: 60
Worsening air pollution and allergies: 67.9
Water and food contamination: 65
Infectious diseases: 66.4

Q4. Which populations are the most
affected by public health hazards of
climate change?

People in the global south: 0.7
Pregnant women: 0.7
Outdoor workers: 0.7
All of the above depending on the hazard: 1.4
None: 0.7
Residents of slums and squatter settlements: 49.3
Children: 59.3
People with underlying health conditions: 64.3
The elderly: 71.4
The poor: 88.6

Q5. Which of the following are the most
effective measures for mitigating and
adapting to the public health hazards of
climate change?

Public health-care system that can deliver every aspect of
health care: 0.7
Relevant, usable, legitimate and credible information: 1.4
Vaccinations and medical treatments: 17.1
Regulations/policies to control emissions and pollution:
80.7
Community resilience and connectedness: 60.7
Advancement of technologies: 0.7
Green infrastructure, sea walls and levers: 55.7
Health communications and outreach: 37.1
Early warning system and post-hazard responses: 67.9
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changing attitudes and behaviour and facilitating adaptation and mitigation strategies for
climate change.

Moreover, awareness-creation facilitates informed decision-making, which builds on
adaptation and mitigation capabilities and encourages women and men to adopt more
sustainable lifestyles. Climate change awareness creation is, thus, imperative to realise
sustainability. Moreover, lack of awareness is a serious hurdle to climate change adaptation
(Donkor et al., 2017), especially for those measures with implications for the health of
individuals. Awareness-raising is, therefore, an essential component of the adaptation
process to manage the impacts of climate change, enhance adaptive capacity and reduce
overall vulnerability. Awareness-raising revolves around effective communication channels
to realise the desired results (Donkor et al., 2017). Four-fifths of the respondents consider
social media the most effective means of communication, suggesting that social media helps
inform the public about climate change.

The fact that television is regarded as the secondmost popular information tool attests to
its value as a source of information. The role of religious groups in climate change
awareness has been gaining currency (Ferguson and Tamburello, 2015; Bomberg and
Hague, 2018). However, Q2 shows that much work is still needed to harness this group’s
potential, as faith groups received minor responses as avenues for climate education. The
UN has acknowledged religious groups/communities as core partners in conserving the
environment and promoting sustainable development. Across the globe, spiritual beliefs and
religion underpin cultural values, politics and the overall socio-economy (Nkoana, 2019).
Harnessing the influence of religious leaders is, hence, vital for behavioural change and
facilitating sustainable development.

The survey findings from Q3 revealed that the significant health hazards from climate
change are mainly associated with extreme weather. As discussed earlier, heatwaves have
become synonymous with worsening air pollution and allergies. The majority (67.9%) of the
respondents indicated that worsening air pollution and allergies are the primary health
hazard they have experienced related to climate change. These findings are consistent with
the existing research undertaken in different contexts, such as Asia, Africa and Europe,
pointing out the correlation between climate change, air pollution and allergies (D’Amato
and Akdis 2020; Singh and Mathur, 2021). In addition, about 66% of the respondents
indicated that infectious diseases were a significant health hazard from climate change. This
is explained in studies that highlight how climate change impacts pathogens’ geographic
and seasonal distribution by influencing their habitat, environment and competitors (Wu
et al., 2016). The increases in infectious diseases emanating from climate change are also
associated with the hosts and vectors that transmit these diseases.

Water and food contamination was identified by 65% of the respondents as a further
health hazard related to climate change. This recognition of climate change’s effects on
water and food contamination is consistent with the literature (Xia et al., 2015) that shows
the impacts of climate change on the water quality of different bodies. The reduction of
water quality compromises the safety of water supplies, thus posing serious health
problems to communities, especially in rural areas.

Injuries and fatalities have been reported by 18.6% of the respondents, while 1.4% said
other health effects with 0.7%, indicating no health hazards related to climate change.
Nevertheless, these findings may not accurately portray reality, as many examples show the
high morbidities associated with injuries related to extreme climatic events. For example,
Cyclone Idai ravaged Beira city in Botswana and left a trail of destruction that included
many injuries and deaths.
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The findings presented in Q4 show the most vulnerable populations to climate change-
related public health hazards. The majority (88.6%) of the respondents indicated that the
poor are the most affected by the health hazards of climate change. The finding is consistent
with the existing literature that shows how impoverished populations are more vulnerable
to these hazards (Crimmins, 2016; Woetzel et al., 2020). The living conditions of people in
extreme poverty can explain this; the precarious livelihoods often expose them to climate
change impacts. For this reason, 59.3% of the respondents identified residents of slums and
squatter settlements as being highly affected by the health hazards of climate change, which
is attributable to the fact that they tend to live in marginal spaces that are susceptible to
different health risks. For example, flood plains may expose them to different pathogens and
vectors. Older adults are identified by 71.4% of the respondents as the next vulnerable
group to climate change. Individuals with underlying health conditions follow the elderly, as
highlighted by 64.3% of the respondents. Children come next, as confirmed by 49.3% of the
respondents.

Thus, only 1.4% have pointed out that everyone is vulnerable to the public health
hazards of climate change. Interestingly, only 0.7% indicated that people in the Global South
are more susceptible to climate change-related risks. However, many studies have shown
that Africa is the most exposed continent to climate change (Niang et al., 2014) and Asia
(Hijioka et al., 2014).

From the findings presented in Q5, most respondents (80.7%) agreed that regulations or
public health policies are the most effective measures to mitigate and adapt to climate
change’s health hazards. This finding is consistent with the literature, which indicates how
regulations and policies can effectively curb certain practices. Nevertheless, there are
instances where these policies and regulations are not adequately implemented and do not
achieve the purpose they were drafted for. Next, 67.9% affirmed that early warning systems
and post-hazard responses are proper measures. Again, these are extensively documented in
the literature, showing how early warning systems may help communities prepare and take
preventive measures.

Nevertheless, despite the usefulness of early warning systems, miscommunication or
mistrust among the communities may prevent them from being effective. For instance,
during Hurricane Katrina, many members of local communities resisted early warning and
even opposed post-hazard responses on the presumption that the local authority was trying
to displace them from their homes.

The merits of green infrastructure, sea walls and levers were answered by 55.7% of the
respondents, which shows their usefulness as tools for reducing property losses because of
extreme weather.

Community resilience and connectedness were answered by 60.7% of the respondents as
having the potential to reduce the health hazards of climate change, followed by 37.1%, who
highlighted that health communication and outreach programs are effective tools in the
process. Apart from the availability of health communication, there is a need for more
medical care and vaccination, which was pointed out by 17.1% of the respondents.

5. Conclusions and recommendations
This paper presents an analysis of health responses to climate hazards and presents the
results of a world study on the topic. The evidence collected allows some conclusions to be
made. First and foremost, the literature review suggests the association between health
hazards with extreme events, followed by climate change, particularly increased
temperatures, and precipitation patterns, which is in close agreement with the IPCC
findings. Regarding the primary climate-related diseases, cardiovascular, respiratory, water-
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borne and food-borne prevail over other illnesses. Notwithstanding that only one-third of the
papers researched both issues, we found evidence of a correlation between potential
climate-health hazards. Noteworthy, only a few studies focused on Africa, which could
be related to the origin of the authors, mainly from Europe, North America, Asia and
Australia/New Zealand.

In addition, the responses to the questionnaire survey highlighted the following trends:
� the major climate-induced health problems – according to the sample – are heat

distress and breathing difficulties;
� most respondents considered “Social media”, followed by “Television” and the

internet as the most effective tools for climate-raising awareness, well above the
“Government agencies;

� most of the respondents mentioned worsening air pollution, infectious diseases,
water and food contamination and cardiovascular and respiratory diseases as
significant climate-related health hazards;

� the poor and older people were the most vulnerable groups to health hazards of
climate change;

� emissions’ regulations and policies ranked as the first measure to manage climate-
related health hazards, followed by early warning and post-hazard responses and
community resilience and connectedness.

This paper has some limitations. The first one is that the study relied on the term co-
occurrence analysis provided by VOSviewer. Even though this is a frequently used
bibliometric analysis technique, it has a constraint regarding the number of terms
reliably assessed. Second, the survey entailed a sample of 140 respondents. This
cannot be regarded as fully comprehensive but counts on a broad country
representation.

Despite these limitations, the paper makes a timely contribution to the state of
knowledge. It provides a profile of the literature on health responses to climate hazards and
reports on a survey with delegates from 55 countries.

Based on the findings, public health responses to health hazards associated with climate
change can be optimised by taking the following actions:

� Inclusion of climate-related health aspects in public health policies, particularly
health promotion.

� Set up monitoring systems specific to health hazards to allow them to be identified
promptly, which is vital in allowing more swift responses. Unfortunately, the lack of
such systems is historically associated with the significant damages to property and
losses of lives during extreme events such as floods, particularly those seen over the
past years. If proper monitoring systems are in place, then there are good chances
that the impacts of health hazards may be reduced.

� Adjustments in the critical infrastructure need to be made to prepare better to cope
with extreme events and the potential health hazards associated with them. This
includes shelter provisions during cyclones, typhoons and heatwaves and
improvements in water storage facilities that can be more promptly deployed
during dry periods.

� Specific plans to cope with heat and heatwaves, whose frequency and intensity in
recent times negatively influence the liveability of many cities and regions.
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� Specific initiatives to protect the most vulnerable groups in society, especially the
poor and the elderly, pregnant women and young children.

� Continuous education and awareness-raising initiatives to better inform and
mobilise the public for taking appropriate actions to reduce their vulnerability to
health hazards.

Furthermore, as most developing countries have a high vulnerability and a low
resilience capacity, it is necessary to consider specific support to help them cope with
health hazards associated with climate change and extreme events as part of
development aid. Here, international donors should consider adjusting their support
lines to reflect the health impacts of climate change better. This may be instrumental
in allowing vulnerable developing countries to obtain the resources needed to build
resilience plans and, by doing so, be in a better position to handle the climate-related
health hazards they are exposed to and, furthermore, to implement the measures
needed to address them.
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