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Abstract I
Introduction: Human health is directly impacted by climate variations, leading to changes in weather patterns (e.g., heat waves,
droughts, floods, storms), as well as indirectly affecting water, air, and food quality. This research aims to explore key strategies for
addressing environmental risks resulting from climate variations in the healthcare sector.

Methods: A systematic analytical approach was employed in this investigation, examining studies on climate change adaptation
from 2022 to 2023. English publications were sought in renowned databases like Elsevier, PubMed, Web of Science, and Scopus.
The search process consisted of two phases. Initially, articles focusing on climate change, climate variability, and global warming
were identified using keywords like “Climate change,” “Climate variability,” and “Global warming.” Subsequently, relevant articles
were chosen for examination and analysis, using terms such as “Health,” “Exposure,” “Infectious disease,” “Mental health,”
“Adaptation,” and “Mitigation.”

Results: Primary healthcare systems are essential for enhancing resilience at both individual and community levels, acting as a
critical framework for safeguarding global populations through accessible, cost-efficient, responsive, and dependable healthcare
services. The evaluation of selected studies underscores the necessity of establishing resilient healthcare systems to counter climate
change through adaptive or resilience-focused and mitigative strategies. Recommendations include bolstering the capacity of
these systems, enhancing efficient and iterative risk management across all tiers, fostering collaboration across various sectors,
formulating action plans, and making short- and long-term investments to enhance adaptability.

Conclusion: Pivotal in safeguarding global populations, healthcare systems should prioritize the reinforcement of social resilience

Q(eywords: Climate change, Resilience, Health

by implementing adaptive and mitigative measures in response to climate change.
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Introduction

Climate change, defined by the United Nations
Framework Convention on Climate Change (UNFCCC)
as human-induced alterations in global atmosphere, is
a major threat." Its effects include rising temperatures,
altered precipitation, and sea level rise. The consequences
are dire, with predictions of a 1.8-4 °C increase by 2100.2
Compared to a 1.5 °C increase, a 2-degree rise would
lead to twice the water stress and a 70% rise in river flood
victims.? Similarly, species extinction rates would be 2-3
times higher.? Climate change harms access to basic needs
like water, food, and healthcare. It weakens social and
environmental determinants of health like clean air and
safe water,* The Lancet called it the biggest health threat
of the 21st century.’

Climate change also hurts economies, worsens inequality,
and sparks conflict. It affects health directly through
extreme weather and indirectly through water, air, and
food quality. Heatwaves cause illness and death, while air

pollution increases respiratory infections and heart disease.
Infectious diseases like dengue fever and malaria are also
worsened by climate change.®” Disasters take a mental
health toll as well.* The World Health Organization (WHO)
predicts 5 million deaths due to climate change by 2050.°

Climate change significantly impacts tropical diseases,
particularly neglected tropical diseases (NTDs). Their
transmission patterns and prevalence are affected.
Climate change alters factors like vector development
rates and transmission dynamics.'” Health services are
on the frontlines but are threatened by climate change.
Rising sea levels, storms, and floods disrupt infrastructure
and healthcare deliver.! The health sector itself also
contributes to greenhouse gases.* Therefore, we must
strengthen health systems to respond to the health
impacts of climate change while also reducing their
carbon footprint. In this research, the major strategies
for dealing with environmental hazards resulting from
climate change in the health sector are explained.
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Climate variability and health care

Materials and Methods

In this study, a systematic analysis approach was used
to review studies on coping with climate change in the
2023-2024 timeframe. In this regard, English articles were
searched in databases such as Elsevier, PubMed, Web of
Science, and Scopus. The screening of articles was done in
three stages. In the first stage, a combination of keywords
“Climate change”, “Climate variability”, “Global
warming”, and “Exposure to climate changes” were used
to search for articles on climate change. In this stage, 60
articles were found, of which 6 articles were removed due
to repetition and overlap of topics, thus 44 articles entered
the second stage. In the second stage, using preliminary
review, articles related to the impact of climate change on
health were selected, and thus 21 articles entered the next
stage. Finally, in the third stage, among the articles of the
second stage, articles related to approaches to coping with
climate change in the field of health were selected for study
and analysis (n=12), one article was removed due to lack
of access to the full text, and eventually 11 articles entered
the final evaluation stage. The process of selecting articles
for systematic review used Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA)
(Figure 1). Then, the subject of the studies, the method
used, and their results were examined and discussed in
the findings section (Table 1).

Results

The impact of climate change on health systems

The escalating climate crisis significantly impacts health
systems, as highlighted by Rocklov et al and Fehrer et
al.*?! Climate change’s effects on health are multifaceted,
encompassing direct consequences like heat-related
illnesses from extreme weather events, ecosystem
disruptions affecting disease prevalence (waterborne,
vector-borne), and social determinants like poverty and
displacement that limit access to healthcare. Research by
Thomson et al and Hartwel et al.">' further emphasizes
how these pressures threaten healthcare access, service
quality, and infrastructure stability, weakening health
systems’ ability to respond effectively. As the climate
changes, health systems must adapt to these immediate
and future challenges to ensure continued service delivery.

The impact of meteorological events on health systems

Climate change disrupts health systems by hindering
patient access to care and straining resources.” Extreme
weather events damage infrastructure, disrupt supply
chains, and force displacement [e.g., forest fires]. These
events also significantly impact mental health, both from
the initial stress and the long recovery process.'*'” Energy
poverty further exacerbates these issues, particularly for
vulnerable populations.”” Climate-induced migration
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Figure 1. Presentation of the process of selecting articles for systematic review using PRISMA diagram
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Table 1. Characteristics of reviewed articles on climate change-induced environmental health challenges

Author(s) Topic Methodology

Findings

Impact of social vulnerability on

H 12
MG health effects of climate change

Systematic review

Thomson etal  Designing a climate resilience

Tool development

(2023)" maturity matrix
Somani Global warming and its impacts .
(2023)" on public health Analytical

Conradt et al Assessment of the 2018-2019

Remote sensing

(2023)" European drought
Examining barriers and
Hartwell et al T ) L .
(2023)10 facilitators to climate change Survey: Online interviews
action for public health agencies
Riva et al The association between energy Cross-sectional analvsis
(2023)"” poverty and mental health 4
Scarr & Lo . Survey: Survey and
Prioritizing climate change - N
Jagnoor - —— priority ranking in global
(2023)® P 8 drowning prevention

Genetic modification of

Kobayashi et al . -
agricultural crops to mitigate

Experimental study

(2023)" >
climate change
Analysis of climate change Qualitative study:
Fehrer et al L . . .
0 mitigation strategies in the Interviews with healthcare
(2023) .
health sector professionals
Rocklév et al DG{CISKOh_Sypport tqo!s for . )
(2023 building climate resilience to Systematic review
emerging infectious diseases
Omrri et al . . o
(2023)2 Climate-related health effects Analysis and description

Lack of theorization and indicator development that conceptualizes and
operationalizes social vulnerability.

Developed a climate resilience model that considers mitigation and
adaptation approaches to enhance resilience.

Pakistan, facing a persistent challenge of mitigating climate change impacts,
requires urgent financial investment to build climate-resilient infrastructure
and mechanisms to cope with the worst effects of global warming.

The event resulted in severe production losses in agriculture and forestry,
while other economic sectors remained unaffected. However, there is no
guarantee that this will continue to be the case if similar changes occur again.

Identified funding, state and agency-level prioritization, workforce capacity
and capability, and political will as factors affecting preparedness for
implementing climate and health activities.

Exposure to energy poverty is associated with a significantly increased
likelihood of poor general and mental health. Given the high proportion

of Canadian households experiencing energy poverty, with established
population health consequences, addressing energy poverty is imperative for
equitable energy transition and climate resilience.

Prioritized criteria such as disaster risk reduction, sustainable development,
child and adolescent health, and climate resilience over other criteria.

Increasing climate change threats such as methane-nitrous oxide emissions
and global warming can be significantly mitigated using genetic modification
of crops such as rice through improved water management technique.

Strategies refer to water and energy use, recycling and waste management,
supply chain and procurement, digitalization, mobility, patient care,
behavioral changes, and system level.

Proposed innovative surveillance, prediction, testing, evaluation, and
upgrading of surveillance and citizen science to increase preparedness and
response to the growing threat of climate-sensitive infectious diseases.

Urgent need for research and development towards reducing greenhouse
gases due to negative impacts on public health, especially infants.

creates additional challenges, as refugees often lack access
to healthcare, water, food, and shelter. Fear, language
barriers, and unfamiliar healthcare systems further hinder
their ability to seek help. Integrated programs are crucial
to address these challenges by incorporating migrant
needs into national and local health financing, policies,
and interventions. Moreover, societies with higher
existing mental health burdens are likely to experience
more severe consequences from climate change.'

The impact of climate on the emergence of new diseases
Climate change fuels the emergence of new diseases in
three ways: increased transmission of novel microbes,
more viral diseases due to rising temperatures and
precipitation changes, and the return of ancient
viruses trapped in polar ice caps (e.g., malaria reaching
mountains).** These diseases, along with existing ones
expanding their range (West Nile virus in Europe), worsen
health problems in vulnerable groups (urban heat islands,
pregnant women).”* Air pollution further exacerbates
these issues, increasing respiratory and cardiovascular
diseases.”” The combined effects strain health systems,
raising service costs (air conditioning, water desalination)
and impacting food security, reducing people’s ability to
access healthcare.?®

Coping strategies: mitigation and resilience approaches
Thomson et al” propose a maturity matrix to assess
resilience against climate change. Their model highlights
two key approaches: adaptation (reducing negative
impacts) and mitigation (reducing greenhouse gases).
While climate risks are unavoidable, their effects on
health systems and economies can be lessened through
a combination of mitigation and adaptation strategies.
However, effective interventions require thorough
assessments of climate challenges on health systems.
Climate risk management plays a crucial role in designing
and implementing climate programs. This involves
assessing risks, developing solutions, and adapting
to changing conditions. It considers vulnerability
assessments, government policies, and projected health
and environmental impacts. Historical data is also vital
to monitor progress. Risk assessments should be the first
step in any management plan and continuously reviewed
throughout the process.

Promoting adaptation and resilience

Adaptation to climate change involves adjusting existing
systems (e.g., early warning systems, flexible policies)
to minimize impacts and maintain progress towards
development goals.” Predicting the health consequences
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of climate change, such as increased treatment costs and
unequal healthcare access, is crucial for understanding
the ethical and legal implications, especially for vulnerable
populations. This knowledge can inform strategies to
improve population resilience. A resilient health system
can predict, respond to, and adapt to climate shocks
while maintaining service delivery.” This requires a well-
trained health workforce equipped to identify, prevent,
and manage climate-related health risks.*® Community
resilience, the ability to thrive in the face of change, is
built through community-based planning processes
where residents define solutions to their specific
vulnerabilities.**

Social capital boosts community resilience

Strong social connections (social capital) are crucial
for building community resilience to climate change.®
Examples include sharing cultural values and resources
after disasters, or educational campaigns that promote
environmental protection measures.” Social capitals
also help communities adapt by facilitating information
sharing and access to support during crises. However,
political divisions can hinder these efforts. Publiceducation
promoting coping mechanisms can help overcome these
obstacles. Importantly, adaptation strategies must be
tailored to each region’s specific vulnerabilities."

Mitigation strategies: reducing greenhouse gas emissions
The healthcare sector is a major contributor to greenhouse
gases, responsible for 4.4% globally.” These emissions
harm public health through air pollution and climate
change impacts like heatwaves.” Reducing emissions
from healthcare improves air quality and reduces
health risks, especially for vulnerable populations.
Long-term benefits include moderating temperature
extremes, improving crop production, and minimizing
the spread of infectious diseases. Research gaps exist in
understanding the relationships between CO2 emissions,
health outcomes, and research & development efforts.
Additionally, there’s a lack of coherent policies to reduce
emissions and improve population health. Here are three
main approaches to mitigating climate change:
Decarbonization, utilizing established technologies like
renewable energy and carbon capture to reduce emissions,
is one approach to tackling climate change. Negative
Emission Technologies, which remove CO2 from the
atmosphere through techniques like afforestation or direct
air capture, offer another solution. Finally, Radiative
Geoengineering, which explores theoretical techniques
like stratospheric aerosol injection to manage solar
radiation and potentially cool the planet, presents a more
speculative approach.® These techniques are still in early
stages and carry significant risks. Finally, genetically
modified crops with reduced water consumption and
methane emissions offer another potential mitigation

strategy, particularly for local impacts.

Discussion

Climate change, a result of human activities, is a
recognized reality with direct and indirect impacts on
public health. Risks include heatwaves, storms, floods,
fires, changes in infectious disease patterns, impact on
food yields, freshwater resources, ecosystem disruption,
and displacement of vulnerable populations. Decisions
made in the next few decades will determine the future
climate and sea level changes.”? Indirect effects of climate
change on basic human needs such as food, water,
and shelter will likely have the greatest global health
impact.*® By the end of the century, a significant portion
of the world’s population will probably face severe food
shortages and water insecurity. The health of millions is at
risk through increased frequency of severe storms causing
flooding and direct damage, leading to unemployment,
homelessness, displacement, migration, and conflict.
These can significantly increase stress, anxiety, and
depression, disrupting mental and physical health. Many
emerging impacts of climate change on public health are
due to existing economic, social, and health inequalities.”
Inequalities in these “social determinants” of health
will likely create inequalities in the capacity to adapt to
climate changes.”*® Given the climate emergency, urgent
development of mitigation and adaptation mechanisms
is crucial. Two main strategies for climate change are
mitigation and adaptation. Uncertainty in future climate
conditions challenges decision-making and development
of these activities.®® Sectors like water infrastructures,
land use planning, building and housing infrastructures,
and transportation should consider climate changes in
adaptation strategies. The health sector, often overlooked,
is responsible for various adaptation activities and is a
key partner for health-related activities. There’s no final
solution to climate change; all sustainable technologies
and techniques should be used. Radiative geoengineering
is interesting but not a long-term solution as it does
not address the root cause. Technologies need to be
developed, tested, and side effects considered, which may
take time.

Conclusion

Climate change’s impact on global health is reaching
catastrophic levels, with no country immune. Millions
are at risk of disease outbreaks, heatwaves, water and
food shortages, air pollution, and poverty. Basic health
systems provide resilience, offering accessible, cost-
effective, responsive care. It’s time to build climate-
resilient health systems, using adaptation, resilience, and
mitigation approaches to enhance capacity, manage risks,
strengthen collaboration, and plan actions. Addressing
current gaps and improving performance isn’t enough to
prepare for climate change’s effects. Health systems must
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understand how climate changes affect their ability to
manage health, evaluate intervention effectiveness under
diverse conditions, and increase capacities. Therefore, it
is necessary to evaluate the health system’s conditions,
capacity, function, and capability before any action, to
identify weaknesses and strengths and plan appropriate
strategies.
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