
The Double Burden: Climate Change Challenges for
Health Systems

Authors: Martins, Flavio Pinheiro, Paschoalotto, Marco Antonio
Catussi, Closs, Jose, Bukowski, Meike, and Veras, Mariana M

Source: Environmental Health Insights, 18(2)

Published By: SAGE Publishing

URL: https://doi.org/10.1177/11786302241298789

BioOne Complete (complete.BioOne.org) is a full-text database of 200 subscribed and open-access titles
in the biological, ecological, and environmental sciences published by nonprofit societies, associations,
museums, institutions, and presses.

Your use of this PDF, the BioOne Complete website, and all posted and associated content indicates your
acceptance of BioOne’s Terms of Use, available at www.bioone.org/terms-of-use.

Usage of BioOne Complete content is strictly limited to personal, educational, and non - commercial use.
Commercial inquiries or rights and permissions requests should be directed to the individual publisher as
copyright holder.

BioOne sees sustainable scholarly publishing as an inherently collaborative enterprise connecting authors, nonprofit
publishers, academic institutions, research libraries, and research funders in the common goal of maximizing access to
critical research.

Downloaded From: https://bioone.org/journals/Environmental-Health-Insights on 12 Dec 2024
Terms of Use: https://bioone.org/terms-of-use



Creative Commons CC BY: This article is distributed under the terms of the Creative Commons Attribution 4.0 License  
(https://creativecommons.org/licenses/by/4.0/) which permits any use, reproduction and distribution of the work without further permission 

provided the original work is attributed as specified on the SAGE and Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).

https://doi.org/10.1177/11786302241298789

Environmental Health Insights
Volume 18: 1–17
© The Author(s) 2024
DOI: 10.1177/11786302241298789

Introduction
Climate change, as defined by the Intergovernmental Panel on 
Climate Change (IPCC) in its Sixth Assessment Report, refers 
to “a change in the state of the climate that can be identified 
(eg, by using statistical tests) by changes in the mean and/or the 
variability of its properties, and that persists for an extended 
period, typically decades or longer.”1 This change is primarily 
caused by human activities, particularly the emission of green-
house gases from burning fossil fuels. Climate change affects 
human health through increased frequency and intensity of 
extreme weather events, air pollution, and waterborne illnesses. 
With the influx of studies in the post-COVID era,2 there is 
now sufficient knowledge to examine the intersection between 
climate change and health. However, further research is needed, 
especially regarding vulnerable populations.3

These health impacts of climate change pose significant 
challenges to health systems worldwide. Health systems consist 
of all organizations, people, and actions whose primary intent is 
to promote, restore or maintain health. They aim to improve 
population health outcomes in an equitable way without over-
burdening people with health care costs, working towards the 
goal of universal health coverage (UHC).4,5 However, climate 
change threatens this objective in multiple ways. It increases 
health risks through more frequent and severe extreme weather 
events, disrupts food systems, and exacerbates both infectious 

and noncommunicable diseases.4 These impacts disproportion-
ately affect vulnerable populations, deepening health inequities. 
Furthermore, climate change directly impairs health systems’ 
operations by damaging infrastructure, disrupting supply chains, 
and affecting the health workforce, thereby compromising ser-
vice delivery.6 As climate change continues to create new health 
challenges and strain existing resources, health systems must 
adapt to protect and promote population health while simulta-
neously working to reduce their own contributions to environ-
mental degradation and greenhouse gas emissions.7

In this context, health systems must evolve to mitigate the 
impact of climate change on health. A climate-resilient health 
system can anticipate, respond to, cope with, recover from, and 
adapt to climate-related shocks and stress, ultimately improv-
ing population health despite climate instability.4 To build such 
resilience, it’s crucial to understand the core components of 
health systems. The World Health Organization (WHO) 
health systems framework comprises five core dimensions: 
leadership and governance, health workforce, health informa-
tion systems, essential medical products and technologies, and 
service delivery. These interconnected components form the 
foundation of a complex structure aimed at improving health 
outcomes and delivering healthcare services to populations.4,5 
As climate change intensifies, it becomes increasingly crucial 
for these systems to adapt, not only to protect and promote 
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population health but also to reduce their own environmental 
footprint. This dual challenge requires a holistic approach that 
integrates climate resilience and sustainability across all aspects 
of health system operations.

While the World Health Organization’s Operational 
Framework for Building Climate Resilient Health Systems4 
provides a comprehensive foundation for understanding the core 
components needed for climate resilience in health systems, 
there is a critical need to examine how these building blocks have 
been addressed in real-world contexts. Despite the growing body 
of literature on climate change and health,4,8 less attention has 
been paid to synthesizing how academic research, especially case 
studies, has reported on the practical implementation and chal-
lenges of building climate-resilient health systems.

Furthermore, while the importance of equity in climate 
change adaptation has been recognized,9 there is a need to 
understand how equity considerations have been integrated 
into the implementation of climate-resilient health systems. 
This review seeks to highlight how case studies and other aca-
demic literature have addressed equity issues within the frame-
work of climate-resilient health systems.

By conducting a comprehensive analysis of how research on 
climate change has been developed alongside health systems, 
with a particular focus on the WHO’s building blocks for cli-
mate-resilient health systems, this study aims to provide a criti-
cal overview of the current state of knowledge and practice. 
Our research question, “How has research concerning climate 
change and health is connected with global frameworks for cli-
mate resilient health systems?,” seeks to uncover not only what 
is known, but also to identify crucial knowledge gaps and areas 
for future investigation in the practical implementation of cli-
mate-resilient health systems.10 This synthesis may contribute 
to a better understanding of how the theoretical framework for 
climate-resilient health systems has been translated into prac-
tice, identifying successful strategies, common challenges, and 
areas needing further attention.5,11 Ultimately, this review aims 
to inform more climate-resilient health systems capable of 
addressing the complex and evolving health needs of diverse 
populations in the face of climate change.

Background
Climate change impacts on population health

The direct health impacts of climate change include increased 
morbidity and mortality due to extreme weather events, such as 
heatwaves, floods, and hurricanes, which can lead to injuries, 
deaths, and the exacerbation of chronic health conditions.8 The 
World Health Organization estimates that climate change 
could cause approximately 400 000 deaths annually between 
2030 and 2050 due to its effects on health systems and social 
determinants of health.12 For example, heat-related illnesses are 
expected to rise as global temperatures increase, particularly 
affecting vulnerable populations such as the elderly and those 
with pre-existing health conditions.13 Indirectly, climate change 
influences health through environmental changes that affect air 

quality, water supply, and food security, leading to respiratory 
diseases, waterborne illnesses, and malnutrition.8 Moreover, 
mental health consequences are increasingly recognized, as cli-
mate change can lead to anxiety, depression, and post-traumatic 
stress disorder due to displacement and loss of livelihoods.14

Climate change exacerbates existing health inequities, 
disproportionately affecting vulnerable populations.8 These 
groups face higher risks from extreme weather events, infec-
tious diseases, and food and water insecurity. Low-income 
countries are particularly vulnerable due to limited resources 
and weak infrastructure. In sub-Saharan Africa, where over 
60% of the population relies on rain-fed agriculture, climate-
related droughts and flooding can lead to crop failures, food 
shortages, and malnutrition, increasing susceptibility to dis-
eases like malaria.15 Indigenous communities in remote areas 
also face significant risks; for instance, in the Arctic, melting 
sea ice has led to the loss of traditional food sources, causing 
food insecurity and increased risk of chronic diseases.16 The 
impacts are also present in global north countries, where 
older individuals and those with chronic health conditions 
are at higher risk. More frequent heat waves exacerbate res-
piratory and cardiovascular conditions in the elderly, result-
ing in increased hospitalizations and deaths.17

Health systems as mediators of climate change effects

Climate change poses significant challenges to health systems 
worldwide, testing their resilience and exacerbating health 
inequities. The Intergovernmental Panel on Climate Change 
(IPCC)18 reports that extreme weather events such as floods, 
hurricanes, and wildfires can severely damage health facilities, 
causing service interruptions and loss of critical medical equip-
ment. This issue is particularly acute in low-income countries 
with already inadequate health infrastructure.19 Moreover, cli-
mate change intensifies existing workforce shortages by 
increasing climate-related illnesses and forcing health workers 
to relocate,20 potentially compromising healthcare delivery, 
especially in regions with weak healthcare systems.21

The health workforce is crucial in addressing the health 
impacts of climate change, yet it faces significant challenges. 
The increasing demand for health services due to heat-related 
illnesses and vector-borne diseases necessitates a workforce 
that is not only adequately trained but also sufficiently staffed.22 
This leads to a call for the integration of climate change com-
petencies into medical education, as a critical aspect for equip-
ping future healthcare professionals with the necessary skills to 
address climate-related health challenges.23 The mental health 
implications of climate change are particularly concerning, 
with issues such as eco-anxiety, post-traumatic stress disorder 
from extreme weather events, and depression related to climate 
displacement becoming increasingly prevalent.24 Healthcare 
professionals need to be trained to recognize and manage these 
psychological impacts, as well as understand the complex inter-
play between climate change, mental health, and social deter-
minants of health.25
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To foster climate-resilient health systems, it is imperative 
to implement effective adaptation strategies. This includes 
integrating climate change considerations into health service 
planning and policy-making and incorporating adaptive 
management principles into public health practice.26 Local 
governments are crucial in this adaptation process, as they 
are often the first responders to climate-related health chal-
lenges. Local government environmental health officers  
possess the expertise necessary to develop and implement 
adaptation plans that protect public health in the face of cli-
mate change.27 By fostering collaboration between health 
systems, local governments, and communities, it is possible 
to create a more integrated and effective response to the 
health impacts of climate change.

Methods
This study employed a scoping review method to investigate 
the topic at hand. The review process followed four main 
steps: (1) Search strategy and information sources, (2) Study 
selection, (3) Data extraction and synthesis, and (4) quality 
assessment and bias consideration. To provide a clear overview 
of our methodological approach, we have created a Methods 
Walkthrough (Figure 1) that visually represents the steps 
taken in this scoping review.

Search strategy and information sources

The analysis sources comprise the following academic data-
bases: PubMed, Scopus and Web of Science. These data-
bases were chosen due to their comprehensive coverage  
of science literature. Two search strings were developed  
by combining climate change-related keywords and health 
systems-related keywords. The Boolean operator “AND” 

was used to connect both strings, while the Boolean opera-
tor “OR” was used within each string. The search was con-
ducted in April 2023. The full search strings and parameters 
are presented in Table 1.

Study selection

Inclusion criteria focused on peer-reviewed, English-language 
studies addressing both climate change and health systems. 
The selection process involved title/abstract screening followed 
by full-text review, conducted independently by the first author 
and two reviewers. Disagreements were resolved through dis-
cussion or third-party consultation. The research flow, includ-
ing the number of articles selected at each step, can be seen in 
Figure 1. The results were narrowed from an initial sample of 
3511 to 179 articles for full analysis.

Data extraction and synthesis

Data extraction was conducted using a standardized form cap-
turing key study characteristics, methods, findings, and health 
system domains addressed. The collected data were then syn-
thesized using a two-phase approach:

(1)  Inductive Analysis: We first employed a thematic analy-
sis approach inspired by the Gioia methodology.28 This 
method involves a systematic, multi-step process:
A.  First-order analysis: Identifying key concepts and 

themes directly from the extracted data
B.  Second-order analysis: Grouping similar first-order 

concepts into broader categories
C.  Aggregate dimensions: Consolidating second-order 

themes into overarching dimensions

Figure 1. Methods walkthrough.
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This approach allowed for the identification of common 
themes and patterns across the included studies, while main-
taining a close connection to the original data. This inductive 
approach allowed for the identification of common themes and 
patterns across the included studies, while maintaining a close 
connection to the original data, without being constrained by 
predetermined categories.29

(2)  Deductive framework application: Following the induc-
tive analysis, we used the World Health Organization 
(WHO) health systems framework4 to organize and 
further synthesize our findings. This framework pro-
vides a comprehensive and globally recognized struc-
ture for understanding and analyzing health systems, 
making it particularly suitable for our scoping review.
1. Leadership and governance.
2. Health workforce.
3. Health information systems.
4. Essential medical products and technologies.
5. Service delivery.

By applying this framework to our inductively derived themes, 
we were able to systematically categorize and analyze the lit-
erature, ensuring a comprehensive examination of how climate 
change impacts and is addressed by different aspects of health 
systems. This two-phase approach allowed us to both capture 
emerging themes from the literature and situate them within a 
well-established health systems framework.

Quality assessment and bias consideration

While formal quality assessment is not typical in scoping 
reviews, we considered aspects such as study design clarity, 
methodological robustness, and relevance of findings. We 
acknowledged and attempted to mitigate potential biases, 
including selection bias, language bias, and publication bias. 
The PRISMA-ScR guidelines were followed to ensure trans-
parent reporting (Appendix 1).

Results
Overview

The initial search across three major databases (Scopus, Web 
of Science, and PubMed) yielded 3511 documents (1863 
from Scopus, 1005 from Web of Science, and 643 from 
PubMed). After removing non-English papers and duplicates 
(EC1 and EC2), 1954 documents remained. Following the 
exclusion of non-peer-reviewed articles (EC3), 998 docu-
ments were retained. Finally, after applying our inclusion cri-
terion of approaches to climate change alongside health 
systems (IC1), 179 documents were selected for full analysis. 
These papers were analyzed, leading to the identification of 
five main thematic areas: adaptation and tolerance, collabora-
tion and global perspectives, health impacts, policy design, 
and public perception and awareness. The subsequent analy-
sis was structured according to four key health system com-
ponents: resource generation, governance, service delivery, 
and finance (Figure 2).

Table 1. Search strings.

(1) Climate change-related keywords

Global warming OR Climate crisis OR Climate disruption OR Climate variability OR Climate shift OR Climate instability OR Climate 
perturbation OR Climate abnormality OR Climate anomaly OR Climate fluctuation OR Anthropogenic climate change OR Human-induced 
climate change OR Climate emergency OR Climate catastrophe OR Climate degradation OR Climate deterioration OR Climate alteration OR 
Climate modification OR Climate manipulation OR Climate transformation OR Climate variability and change OR Climate shift and adaptation 
OR Climate anomalies and trends OR Climate unpredictability OR Climate hazards and risks OR Climate sensitivity and feedbacks OR 
Climate dynamics and modeling OR Climate extremes and events OR Climate-induced disasters OR Climate resilience and vulnerability OR 
Climate mitigation and adaptation strategies OR Climate policy and governance OR Climate justice and ethics OR Climate communication 
and education OR Climate action and activism OR Climate finance and investment OR Climate science and research OR Climate impacts 
and consequences OR Climate feedback mechanisms OR Climate system drivers

(2) Health systems related keywords

“Health system* OR Healthcare system* OR Health-care system* OR Healthcare delivery OR Health-care delivery OR Healthcare service* 
OR Health-care service* OR Health service* OR Healthcare infrastructure OR Health-care infrastructure OR Medical systems OR Public 
health system* OR Public Health OR Electronic health records OR Healthcare workforce OR Health policy OR Healthcare quality OR 
Healthcare financing”

# Exclusion criterion

EC1 Non-English written papers

EC2 Duplicated studies (only one copy of each study was included)

EC3 Excluded document types that are not peer-reviewed articles

# Inclusion criterion

IC1 Approaches of climate change alongside health systems
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Over time, the scientific output on climate change and 
health systems has evolved, with notable milestones marking 
the trajectory of research (Figure 3). The earliest publication, 
Longstreth30 highlighted the need to consider the health con-
sequences of global warming alongside environmental effects. 
Building on this foundation, recent studies such as Somani31 

and Arnot et  al32 have explored the disproportionate health 
impacts on vulnerable populations in countries like Pakistan 
and the perspectives of young people on the political determi-
nants of the climate crisis. The year 2009 marked the peak of 
citations, as demonstrated by Malka et  al,33 examining the 
association between knowledge and concern about global 

Figure 2. Research flow.
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warming. As the field progresses, 2022 emerges as a significant 
year with a peak in publications, exemplified by Nigussie et al34 
investigating the spatiotemporal distribution of malaria inci-
dence. These milestones reflect the growing recognition of cli-
mate change’s implications for human health and highlight the 
need for continued research, interdisciplinary collaboration, 
and targeted interventions to mitigate the health risks associ-
ated with climate change.

Major climate change policy milestones have significantly 
shaped health systems development. Patterson’s35 research 
examines how the United Nations Framework Convention on 
Climate Change (UNFCCC) influences state obligations and 
civic participation in health system responses. Maibach et al14 
emphasize the Paris Agreement’s importance in advancing 
equitable health policies and system resilience. Máté et  al36 
connect these developments to sustainable development goals 
(SDGs), showing how climate policies affect health systems 
through their impact on economics, emissions, and life expec-
tancy. Together, these studies demonstrate how international 
climate agreements have shaped health system evolution, par-
ticularly in areas of public health policy and social equity.

The field of climate change and health systems research is 
well represented by a diverse range of publications, spread 
across 132 different journals (Figure 4). One prominent source 
is the International Journal of Environmental Research and Public 
Health, which has contributed significantly with 12 publica-
tions. Earlier studies, before the Paris Agreement and pub-
lished in journals such as Environmental Health Perspectives and 
Climate Research, have also made noteworthy contributions. 
For instance, Greenough et al37 examine the potential impacts 
of climate variability and change on the health effects of 
extreme weather events, while Méndez-Lázaro et al38 explore 
the relationship between climate variability and dengue inci-
dence in San Juan, Puerto Rico. These studies show the impor-
tance of comprehending physiological constraints, enhancing 

climate models, and implementing effective public health 
interventions in the face of climate change.

Country authorship and contributions

Our analysis of authorship and study locations reveals a com-
plex landscape of global research on climate change and health 
systems (Figure 5). While there is a broad geographical distri-
bution of contributions, it’s important to note that this distri-
bution is not uniform and may not necessarily indicate true 
global collaboration or balanced involvement

The United States and the United Kingdom dominate the 
research output, with 48 and 11 instances in author affiliations 
respectively, potentially reflecting their strong research infra-
structure and funding capabilities rather than inherent exper-
tise in climate-health issues. The presence of “Global” in 38 
instances of author affiliations suggests multi-country involve-
ment, but this could be due to increased funding for global 
research projects rather than organic collaboration. While it’s 
encouraging to see contributions from developing nations like 
Bangladesh, Ethiopia, and Malawi, as well as emerging econo-
mies like Brazil, India, and Indonesia, their representation is 
still limited compared to Western countries. This imbalance 
raises questions about the global applicability of research find-
ings and the potential overlooking of region-specific chal-
lenges. Future research efforts should aim to address these 
disparities, fostering more equitable participation and ensuring 
that the unique perspectives and needs of underrepresented 
regions are adequately captured in the global discourse on cli-
mate change and health systems.

Main topics

The results of this study are organized into six main intercon-
nected themes that explore the various effects of climate change 

Figure 3. Scientific output over time.
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on health systems, as presented in Table 2. These themes 
emerged from our analysis: adaptation and tolerance, collabo-
ration and global perspectives, health impacts, policy design, 
public perception and awareness, and socio-ecological nexus.

(1)  Adaptation and tolerance remains crucial for pro-
tecting public health, particularly regarding heat and 
environmental stresses. Recent studies demonstrate 
diverse health impacts requiring targeted interven-
tions. In the Gaza Strip, research has shown increased 

diarrheal disease risk, particularly affecting young 
children (0-3 years).39 Climate impacts extend to 
cognitive development, with Tang and Di40 revealing 
how prenatal exposure to climate anomalies can 
affect adult cognitive function and economic out-
comes. Neurological conditions show varying vulner-
ability to climate effects: Bongioanni et  al41 found 
that Parkinson’s disease patients are particularly sus-
ceptible to heat stress, while those with Alzheimer’s 
and other dementias showed less sensitivity.

Figure 4. Main publication venues.

Figure 5. Countries described in the studies and author affiliations.
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(2)  Our analysis revealed strong interconnections between 
Collaboration and Global Perspectives and Health 
Impacts. The Nature Step to Health—Lahti Regional 
Health and Environment Programme 2022 to 2032 
exemplifies organizations working together to pro-
mote planetary health.42 This collaborative approach is 
essential as climate change creates significant health 
risks, including extreme weather events, temperature-
related illnesses, and vector-borne diseases.43 Studies 
estimate that around 15% of emergency room visits for 
heat-related illnesses in North Carolina are due to cli-
mate change,44 while the connection between climate 
change and high incarceration rates worsens health 
inequities.45

(3)  Policy Design emerges as a critical factor in addressing 
these challenges. Wheeler et al46 emphasize the need 
for governments to plan responses to the climate crisis, 
especially for maternal and newborn health. This con-
nects directly to Public Perception and Awareness, 
where studies by Arnot et al32 and Clery et al47 high-
light the importance of medical activism and youth 
engagement. Kearney and Bell48 found that the poor-
est counties in the southeastern United States have a 
lower belief in global warming, emphasizing the need 
for targeted awareness campaigns.

(4)  The final theme, the Socio-ecological Nexus, ties these 
elements together by emphasizing the connections 
between climate change, health systems, and various 
elements of the environment. Rising global tempera-
tures increase risks of vector-borne diseases like den-
gue fever,49 while human-caused climate change has 
been identified as a key factor in the increase of wild-
fires.50 Higher levels of CO2 in the atmosphere directly 
impact plant biology and allergen exposure,51 demon-
strating the complex interconnections between envi-
ronmental and human health factors. These themes 
collectively illustrate the multifaceted nature of climate 
change impacts on health systems, highlighting the 
need for integrated approaches that consider both 
environmental and social factors in developing effec-
tive responses to these challenges.

Discussion
This section examines the current literature on climate change 
and health systems through the lens of the WHO framework 
for climate-resilient and low-carbon health systems. As out-
lined in our methods, the WHO health systems framework 
comprises five core components: leadership and governance, 
health workforce, health information systems, essential medi-
cal products and technologies, and service delivery. These 
components form the foundation of health systems at various 
scales, from local clinics to national healthcare networks. Our 
analysis reveals that climate change affects these components 

in distinct ways, as evidenced by the main topics identified in 
our results section.

The impact of climate change on these components can 
vary based on the type and scale of the health system, as well as 
geographical and socioeconomic factors, as demonstrated by 
studies in diverse settings such as the Gaza Strip, Ethiopia, and 
the southeastern United States. In the following subsections, 
we analyze how each of these components is affected by cli-
mate change, synthesize the current state of research, and iden-
tify gaps in our understanding.

Climate-transformative leadership and governance

Climate-transformative leadership and governance is key for 
addressing the complex interplay between climate change and 
health systems. As highlighted in our results on “Collaboration 
and global perspectives” and “Policy design,” the framework 
stresses integrating climate change issues into health system 
planning and decision-making processes,46,67 emphasizing 
cross-sector collaboration and stakeholder participation.32,42 
However, major challenges exist in implementation, and effec-
tive collaboration is often hindered by separate governmental 
structures and different priorities.

Climate-smart health workforce

The climate-smart health workforce component recognizes the 
importance of human resources in building climate resilience 
and environmental sustainability. As our results on “Adaptation 
and Tolerance” and “Health Impacts” show, the health sector 
faces significant challenges in developing specialized skills for 
managing climate-related health risks.44 Putting into practice 
workforce development goals is hindered by limited resources 
for training, competing priorities in health education programs, 
and the need for quick upskilling of the existing workforce. The 
study by Thiel et al,68 on obstetricians and gynecologists’ will-
ingness to participate in sustainability efforts demonstrates the 
potential for physician involvement, but also highlights the 
need for more comprehensive training and support.

Health information systems

The health information systems component is crucial for evi-
dence-based decision-making in climate-resilient health sys-
tems. Our results on “Collaboration and global perspectives” and 
“Health Impacts” underscore the importance of integrating cli-
mate data with health surveillance systems.39 However, putting 
into practice integrated climate and health information systems 
faces significant challenges, including data quality issues, prob-
lems connecting different information systems, and the need for 
advanced analytical capabilities that may be missing in many 
health systems. The study in the Amhara region of Ethiopia34 
demonstrates the complexity of integrating climate data with 
health information, particularly in resource-limited settings.
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Essential medical products and technologies

This component addresses the important aspect of adapting 
health system infrastructure and technologies to climate change. 
As highlighted in our “Health Impacts” and “Policy design” sec-
tions, the move to low-carbon technologies and sustainable sup-
ply chains requires significant upfront investment and may 
compete with other pressing health system needs.43 While the 
framework correctly identifies potential for GHG emissions 
reductions in health care supply chains, it may underestimate the 
financial and practical barriers to implementation. The study by 
Nakajima et al69 on short-lived climate pollutants (SLCPs) illus-
trates the complexity of balancing immediate health needs with 
long-term climate mitigation strategies.

Service delivery

The service delivery component is crucial for turning climate 
resilience strategies into real health outcomes. Our results on 
“Adaptation and Tolerance” and “Health Impacts” demon-
strate the urgent need for adapting health services to chang-
ing climate conditions.40,44 However, putting into practice 
climate-informed health programs faces significant chal-
lenges, including limited resources, competing health priori-
ties, and the need for complex, multi-sector interventions. 
Moreover, the increasing frequency and intensity of climate-
related health emergencies may overwhelm health system 
capacity, particularly in vulnerable regions. The research in 
Palestine provides an example of how climate change can 
exacerbate existing service delivery challenges, particularly in 
fragile settings.39 To synthesize our findings and illustrate the 
interconnections between various aspects of climate change 
impacts on health systems, we have developed an Integrated 
Summary Framework (Figure 6). This framework visually 
represents the key themes identified in our review and their 

relationships to the WHO’s climate-resilient health systems 
components

Conclusion
This study helps us better understand the complex relationship 
between climate change and health systems, showing the need for 
proactive steps to reduce negative health effects. Our findings stress 
the importance of adaptation strategies and improving infrastruc-
ture to address health risks from climate change. Specifically, we 
highlight the importance of measures to deal with heat and the need 
to maintain and improve public health infrastructure. These adapta-
tion strategies are crucial to reduce the impact of climate change on 
health, especially for vulnerable groups.

Working together and having global perspectives are key in 
addressing the challenges of climate change and health systems. 
Programs like the Nature Step to Health show the importance of 
organizations working together to promote planetary health and 
include climate change considerations in health programs. Our 
study also points out the major health impacts of climate change, 
including extreme weather events, illnesses related to temperature, 
and increased disease burdens. These findings underscore the need 
for evidence-based actions, efforts to reduce carbon emissions, and 
a focus on reducing greenhouse gasses. Good policy design, public 
awareness, and including climate change considerations in health 
systems are crucial for maintaining and improving public health 
infrastructure. By recognizing the connections between climate 
change, health systems, and the environment, we can develop com-
prehensive approaches to reduce negative health effects and build 
resilience to environmental changes.

Policy implications

Public health agencies play a crucial role in climate-transforma-
tive leadership, and policymakers must prioritize strengthening 

Figure 6. Integrated summary framework.
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these institutions to effectively address the challenges posed by 
climate change. This includes increasing funding and resources 
for climate-related health monitoring and response, developing 
training programs for public health professionals, and establish-
ing clear mandates for integrating climate change considerations 
into planning and operations.14 Public health agencies are 
uniquely positioned to assess health risks, develop adaptation 
strategies, and implement protective policies for vulnerable pop-
ulations. They can also serve as effective messengers, raising 
awareness about the health implications of climate change and 
quantifying the health co-benefits of climate actions to inform 
policy decisions.70,71 To leverage this potential, policymakers 
should create robust communication channels between public 
health agencies and decision-makers, ensuring consistent inte-
gration of health considerations into climate policy.

Overcoming implementation challenges is critical for 
effective climate-health adaptation. Policymakers should 
address the barriers faced by public health agencies by estab-
lishing clear governance structures and responsibilities across 
different government levels, allocating dedicated funding for 
climate-health adaptation initiatives, and promoting knowl-
edge sharing among agencies.72 To support proactive risk 
management, policymakers should mandate the inclusion of 
climate change scenarios in public health assessments and 
provide comprehensive guidelines for climate vulnerability 
assessments and adaptation planning. Additionally, recogniz-
ing the economic implications of climate change on health, 
policymakers should incorporate health economic analyses 
into climate policy decision-making and invest in research to 
quantify these impacts.73 By implementing these policies, 
public health agencies can more effectively prepare for and 
mitigate the health impacts of climate change, contributing to 
more resilient and adaptive health systems.

Reframing climate change as a health issue. One of the most signifi-
cant policy implications is the need to reframe climate change as 
a public health issue. This perspective can enhance public aware-
ness and support for climate policies by emphasizing the co-ben-
efits of climate action, such as improved air quality and healthier 
communities.74 Research indicates that when climate change is 
framed within the context of health, it resonates more effectively 
with the public, leading to increased support for mitigation  
strategies.75 Policymakers should prioritize communication strat-
egies that highlight these health benefits, thereby fostering a 
more robust public dialogue around climate action.76

Strengthening health systems for climate adaptation. Investments 
in health systems are crucial for building resilience against cli-
mate change impacts. Policymakers must allocate adequate 
resources to strengthen health infrastructure, ensuring that it 
can withstand climate-related stresses and shocks.7 This 
includes not only financial investments but also the develop-
ment of training programs for healthcare professionals to equip 
them with the necessary skills to address climate-related health 

risks.14 Furthermore, integrating traditional and modern health 
practices can enhance the adaptability of health systems in 
resource-poor settings.21

Enhancing collaboration across sectors. Effective climate action 
requires collaboration across various sectors, including health, 
environment, and urban planning. Policymakers should foster 
partnerships among stakeholders to create comprehensive 
strategies that address the multifaceted challenges posed by 
climate change.9 This collaborative approach can facilitate the 
sharing of resources and knowledge, ultimately leading to 
more effective implementation of climate-resilient health pol-
icies.77 Additionally, local governments are well-positioned to 
incorporate co-benefits into decision-making processes, as 
they can address immediate community needs while aligning 
with broader climate goals.78

Addressing mental health impacts. The mental health implica-
tions of climate change are increasingly recognized, necessitat-
ing that policymakers incorporate mental health considerations 
into climate action plans. Government initiatives should focus 
on reducing the distress associated with climate inaction, par-
ticularly among vulnerable populations such as youth. By pri-
oritizing mental health in the context of climate change, 
policymakers can enhance overall community resilience and 
well-being.79

Study limitations

While our study provides valuable insights, it’s important to 
note some limitations. Firstly, we mainly used existing litera-
ture and secondary data sources, which may introduce biases or 
miss some information. Future research should try to collect 
primary data and conduct empirical studies to strengthen the 
evidence. Also, our study gave a broad overview of health sys-
tems and climate change, and more detailed research into spe-
cific regions or health system contexts is needed to capture the 
complexities of these interactions. Finally, we didn’t look at the 
social, cultural, and behavioral aspects that influence how 
health systems respond to climate change, which could be an 
area for future research.
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Full search string sample.

SCOPUS string sample. (TITlE-ABS-KEY (“climate variability and change” OR “climate shift and adaptation” OR “climate anomalies and 
trends” OR “climate unpredictability” OR “climate hazards and risks” OR “climate sensitivity and feedbacks” OR “climate dynamics and 
modeling” OR “climate extremes and events” OR “climate-induced disasters” OR “climate resilience and vulnerability” OR “climate mitigation 
and adaptation strategies” OR “climate policy and governance” OR “climate justice and ethics” OR “climate communication and education” 
OR “climate action and activism” OR “climate finance and investment” OR “climate science and research” OR “climate impacts and 
consequences” OR “climate feedback mechanisms” OR “climate system drivers” OR “global warming” OR “climate crisis” OR “climate 
disruption” OR “climate variability” OR “climate shift” OR “climate instability” OR “climate perturbation” OR “climate abnormality” OR “climate 
anomaly” OR “climate fluctuation” OR “anthropogenic climate change” OR “human-induced climate change” OR “climate emergency” OR 
“climate catastrophe” OR “climate degradation” OR “climate deterioration” OR “climate alteration” OR “climate modification” OR “climate 
manipulation” OR “climate transformation” OR “climate change”) AND TITlE-ABS-KEY (“health systems” OR “healthcare systems” OR 
“healthcare delivery” OR “healthcare services” OR “health services” OR “healthcare infrastructure” OR “medical systems” OR “public health 
systems”)) AND (lIMIT-TO (PUBSTAGE, “final”)) AND (lIMIT-TO (DOCTYPE, “ar”)) AND (lIMIT-TO (lANGUAGE, “English”)) AND (lIMIT-TO 
(SRCTYPE, “j”))
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