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Climate Change and Global Health: An Interconnected Review
Mary Christine Wheatley

ABSTRACT
This comprehensive review explores the multifaceted 
impacts of climate change on global health, 
emphasizing the interconnectedness of environmental 
changes with vector-borne diseases, food security, 
and public health structures. As global temperatures 
rise and climatic patterns shift, there is an increased 
prevalence of vector-borne diseases such as malaria, 
dengue, and Zika, which are profoundly influenced 
by altered environmental conditions that favor vector 
proliferation and extend their geographical range. 
Simultaneously, food security is severely threatened 
as climate change impacts crop yields, livestock 
health, and fisheries, essential components of the 
global food supply chain. The review further discusses 
public health responses, detailing both the existing 
health risks exacerbated by climate change and the 
strategic adaptations that countries have implemented 
to mitigate these risks. Through an examination of 
various national and global strategies, from improved 
surveillance systems to disaster preparedness and 
adaptive agricultural practices, the article highlights 
the necessity for integrated research, policymaking, 
and practice to address these global challenges. It 
calls for enhanced international cooperation and 
innovation to effectively manage the health effects 
of climate change, ensuring a resilient approach to 
safeguarding global health in the face of environmental 
uncertainties.
Keywords: Vector-borne diseases, Food security, Public 
health infrastructure, Climate adaptation strategies, 
International health cooperation

Introduction
Climate change, a pervasive force reshaping our plan-
et, impacts nearly every facet of human life, not least 
of which is health. As global temperatures rise, the 
consequences extend beyond the environmental to 
the biological, influencing disease patterns and chal-
lenging public and food security systems worldwide.1 
This review delves into the profound effects of climate 
variations on vector-borne diseases, food security, and 
the overall public health landscape, exploring both the 
impacts and the adaptive strategies countries have im-
plemented in response.

Vector-borne diseases, such as malaria, dengue, and 
Zika, are highly sensitive to climatic conditions that 
affect vector habitats, life cycles, and the pathogens 
themselves.2 Similarly, food security—a critical issue 
for global health—is at risk as climate change affects 
crop production, livestock health, and fisheries, all 
vital components of the world’s food supply.3 Public 
health responses are equally crucial, as they represent 
systemic efforts to mitigate and adapt to the health 
challenges posed by a changing climate.4

Exploring these interconnected themes, this article 
aims to provide a comprehensive analysis support-
ed by current research, highlighting the necessity for 
integrated global efforts to address the multi-faceted 
challenges of climate change on health.

Climate Change and Vector-Borne Diseases
Overview of Vector-Borne Diseases
Vector-borne diseases, which are infections transmit-
ted by the bite of infected arthropod species, such as 
mosquitoes, ticks, and flies, represent a significant 
global health burden.

Examples include malaria, dengue, Zika virus, and 
chikungunya, each posing unique challenges to public 
health systems.5 These diseases are highly sensitive to 
climatic conditions, which influence the distribution, 
density, and infectivity of vector populations.6

Malaria, caused by Plasmodium parasites transmit-
ted through the bites of infected Anopheles mosquitoes, 
remains one of the most severe public health challeng-
es, particularly in sub-Saharan Africa and South Asia.7 
Dengue, with its rapid global spread, is predominantly 
transmitted by Aedes aegypti mosquitoes and is nota-
bly responsive to meteorological factors, particularly 
temperature and rainfall patterns.8 The Zika virus, also 
spread by Aedes mosquitoes, has drawn significant 
attention due to its rapid emergence and the severe 
neurological defects it can cause in newborns when 
pregnant women are infected.9

The interplay between climate change and these dis-
eases is complex, as rising temperatures and changing 
precipitation patterns can expand the geographical 
range of vectors and increase the periods of the year 
during which they are active. Such changes are likely 
to alter the transmission dynamics of these diseases, 
potentially leading to increased incidence and expan-
sion into new areas, posing further challenges to glob-
al health security.2

Impact of Climate Change on Vectors
Climate change significantly affects the ecology and 
distribution of disease vectors such as mosquitoes and 
ticks through rising temperatures and altered precipi-
tation patterns.10 Higher temperatures can accelerate 
the life cycle of vectors, thereby increasing their pop-
ulation size and the frequency of disease transmis-
sion.11 Additionally, warmer climates can expand the 
geographical range of vectors, allowing them to inhab-
it previously unsuitable areas, thus increasing the risk 
of vector-borne diseases in new regions.12

Changes in rainfall patterns are equally critical, as 
increased rainfall can provide more breeding sites for 
mosquitoes, whereas drought can concentrate popu-
lations around limited water sources, both scenarios 
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potentially boosting the transmission of diseases like 
malaria and dengue.13 Extreme weather events, such 
as hurricanes and floods, can disrupt existing vector 
control measures, spreading vectors to new areas and 
creating emergency health situations where disease 
surveillance and control are more challenging.14

The combined impact of these climatic factors ne-
cessitates a dynamic approach to public health strat-
egies, as the traditional spatial and temporal patterns 
of vector-borne diseases are transforming, requiring 
adjustments in monitoring, prevention, and control 
efforts. This adaptability is crucial to manage the an-
ticipated increase in the spread of these diseases due 
to climate change.15

Case Studies and Data
Several regions around the world offer insightful exam-
ples of how climate change influences vector-borne dis-
eases. In East Africa, the variability in climate patterns, 
particularly increased temperatures and inconsistent 
rainfall, has significantly extended the breeding sea-
sons of Anopheles mosquitoes. This change facilitates 
not only a higher frequency of malaria outbreaks but 
also an expansion of the geographical areas affected. 
Research from the region has documented a clear cor-
relation between these climatic anomalies and the rise 
in malaria cases, highlighting the potent influence of 
climate change on disease dynamics.16

Additionally, the fluctuating climatic conditions dis-
rupt traditional seasonal patterns, confusing preven-
tive efforts and healthcare planning. Studies in Kenya 
and Tanzania have shown that during years of high-
er than average temperatures coupled with sufficient 
rainfall, mosquito populations peak unusually early, 
leading to earlier-than-expected malaria outbreaks.17 
Another study focused on the Ethiopian Highlands 
noted that even slight increases in temperature have 
allowed malaria to emerge in areas previously consid-
ered too cold for mosquito survival.18

These findings are supported by satellite data and 
on-ground temperature measurements, which provide 
a clear link between climate change and increased ma-
laria transmission risk in East Africa.19 Moreover, cli-
mate projection models suggest that these conditions 
will worsen, potentially expanding the risk of malaria 
to higher altitudes and previously unaffected regions.20

In South America, the case of Brazil exemplifies 
the impact of climate change on vector-borne dis-
eases, specifically dengue fever. Rising temperatures 
have facilitated the proliferation of the Aedes aegypti 
mosquito, the primary vector for dengue, leading to an 
expansion of the disease’s geographical range. A 2021 
study focusing on southern Brazil revealed that as av-
erage temperatures have risen, dengue incidence has 
climbed, marking a significant shift in the disease’s 
geographic range farther south than previously ob-
served.21 The study highlights that the areas previously 
considered too cool for Aedes aegypti are now expe-
riencing frequent outbreaks due to warmer climates.2

Further supporting this, predictive models indicate 
that if the current warming trends continue, regions 

such as the Brazilian highlands could soon become 
hotspots for dengue transmission. This projection 
is based on the enhanced suitability of these areas 
for mosquito survival and reproduction as tempera-
tures rise.22 Another recent study from Colombia 
and Venezuela reports similar trends, where higher 
temperatures and altered precipitation patterns have 
significantly increased the risk of dengue outbreaks by 
extending the mosquitoes’ active seasons and expand-
ing their suitable habitats.23

These findings are critical for public health planning 
and response strategies, as they suggest that future 
control measures must consider the evolving climatic 
conditions that could further facilitate the spread of 
dengue and other vector-borne diseases across South 
America.24

In Southeast Asia, the role of El Niño in exacerbating 
dengue outbreaks has become increasingly evident. 
The phenomenon, which brings about significant fluc-
tuations in rainfall, disrupts typical weather patterns, 
creating environments conducive to the breeding of 
Aedes mosquitoes. A comparative analysis across 
several countries in the region, including Thailand, 
Indonesia, and the Philippines, found that El Niño 
events correlate strongly with spikes in dengue cases 
due to enhanced mosquito breeding conditions.25 This 
study highlighted the critical need for targeted public 
health responses during El Niño years to mitigate the 
impact on dengue transmission.26

Moreover, recent research has extended these find-
ings to suggest that not only do El Niño cycles influence 
dengue dynamics but so do La Niña conditions, which 
typically result in opposite climatic changes. During La 
Niña, increased rainfall can also lead to more stagnant 
water sites, ideal for mosquito larval development. 
This dual impact underscores the complex relation-
ship between climatic anomalies and vector-borne 
disease prevalence in the region.27 A 2022 study from 
Vietnam supports this, illustrating a clear link between 
the increased frequency of extreme weather events and 
higher dengue incidence, necessitating more robust 
vector control and disease surveillance systems.28

These insights are crucial for regional health 
authorities, indicating the need for adaptable disease 
prevention strategies that account for the variability 
in climate patterns. As such, forecasting models that 
integrate meteorological data are being developed to 
better predict and respond to future outbreaks, ensur-
ing that health systems can remain resilient even as 
climate change continues to alter disease landscapes 
in Southeast Asia and beyond.29

Climate Change and Food Security
Overview of Food Security Challenges
Food security encompasses the assurance that all peo-
ple have access to sufficient, safe, and nutritious food 
that meets their dietary needs for an active and healthy 
life at all times. It is built on four main pillars: avail-
ability, access, utilization, and stability.30 Availability 
refers to the consistent and sufficient quantity of food 
available on a global, national, or local scale. Access 
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involves having adequate resources to obtain appro-
priate foods for a nutritious diet, while utilization 
relates to how the body uses the nutrients in the food, 
influenced by factors like illness and proper cook-
ing.31 Stability addresses the need for food availabil-
ity, access, and utilization to be stable over time, not 
fluctuating dramatically even in the face of challenges 
such as economic crises or climatic shocks.

The impact of climate change on food security is pro-
found and multifaceted, affecting each of these pillars 
in significant ways. Rising temperatures, unpredictable 
weather patterns, and increased incidence of extreme 
weather events like droughts and floods directly threat-
en food production, influencing crop yields, disrupting 
harvesting schedules, and reducing livestock produc-
tivity.3 Moreover, climate change can exacerbate food 
access inequalities by disrupting supply chains and 
increasing food prices, making healthy diets less af-
fordable and accessible, particularly for marginalized 
populations in both urban and rural settings.32

As the global climate continues to change, the 
challenge of maintaining food security intensifies, ne-
cessitating comprehensive strategies that address the 
resilience of agricultural systems and food distribution 
networks. Enhanced agricultural practices, improved 
water management, and innovative technologies are 
critical to adapt to changing climatic conditions and 
ensure a stable food supply for the future.33

Food Security and Economic Stability
Impact on Agriculture
Shifts in agricultural productivity, primarily resulting 
from altered climatic conditions, have a profound im-
pact on the GDP of agrarian economies.34 For instance, 
an increase in temperature and variability in rainfall 
have been shown to significantly reduce crop yields, 
which directly affects the economic stability of coun-
tries heavily reliant on agriculture.35 The Intergovern-
mental Panel on Climate Change (IPCC) reports that 
these climatic changes have led to reduced yields of 
staple crops such as wheat and maize, which are crit-
ical to the economies of many developing countries.36 
Furthermore, livestock productivity is also compro-
mised due to heat stress and changes in fodder avail-
ability, impacting both food security and agricultural 
income.37 The economic implications are severe, with 
reductions in agricultural output potentially decreas-
ing national GDPs by several percentage points, ex-
acerbating poverty and economic instability in these 
regions.38

Supply Chain Disruptions
Climate change-induced disruptions in food supply 
chains exacerbate economic instability by causing sig-
nificant increases in food prices, especially impacting 
poor and vulnerable populations.3 These disruptions 
often result from extreme weather events such as 
droughts and floods, which not only reduce agricul-
tural output but also hinder transportation and distri-
bution of food, leading to supply shortages and price 
spikes.38,39 For instance, in Southeast Asia, typhoons 

have caused substantial disruptions in the rice supply 
chain by directly damaging agricultural infrastructure. 
Significant typhoon events, like Typhoon Haiyan, have 
not only devastated rice fields but also hindered trans-
portation and distribution systems, resulting in severe 
delays in rice supply. This damage has led to a reduc-
tion of up to 12.5 million tons of rice since 2001, con-
tributing to notable increases in regional market prices 
as availability decreases.40 Such volatility particularly 
affects urban poor who spend a larger portion of their 
income on food and have limited access to alternative 
food sources.41 The resultant economic instability can 
trigger broader social issues, including food riots and 
increased poverty rates, further compounding the 
challenges faced by these communities.42

Direct and Indirect Effects of Climate Change on 
Agriculture
Crop Yields
Climate change significantly impacts agricultural pro-
ductivity, with temperature increases and altered rain-
fall patterns posing major threats to crop yields. Rising 
temperatures can accelerate crop maturation, reducing 
growing periods and consequently decreasing yield.35 
Furthermore, variability in rainfall can lead to water 
scarcity or excessive water, both of which harm crop 
health. For instance, studies have shown that wheat 
and maize yields have declined in many parts of the 
world due to increased temperatures and changing 
precipitation patterns.43

Livestock Health
The health and productivity of livestock are also vul-
nerable to climate change. Heat stress from increased 
temperatures can reduce livestock fertility and milk 
production and alter patterns of diseases affecting 
livestock.37 For example, there is an observed increase 
in heat stress-related illnesses in cattle populations 
across the Midwest of the United States, directly im-
pacting dairy and meat production.44

Fisheries
The health of aquatic ecosystems, upon which inland 
and ocean fisheries depend, is being disrupted by 
changes in water temperature and pH levels due to 
increased carbon dioxide levels. These changes affect 
fish populations and migratory patterns, with potential 
catastrophic impacts on commercial fishing industries. 
Research highlights significant shifts in marine species 
distribution and population dynamics, which affect 
fish availability for human consumption.45

Adaptive Strategies in Agriculture
Innovative Crop Varieties
Countries around the world are turning to genetically 
modified and climate-resilient crop varieties to com-
bat the adverse effects of climate change. For instance, 
drought-resistant crop strains such as certain vari-
eties of maize and rice have been developed to with-
stand dry conditions and maintain yields under water 
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stress.46 Additionally, salt-tolerant rice varieties are be-
ing cultivated in coastal areas where rising sea levels 
have increased soil salinity, threatening traditional 
agriculture.47

Advanced Irrigation Practices
Improved irrigation practices play a crucial role in 
adapting to irregular rainfall patterns. Techniques 
such as drip irrigation and sprinkler systems, which 
provide water directly to the plant roots, are signifi-
cantly more water-efficient than traditional methods 
and help conserve scarce water resources.48 In arid re-
gions, such as parts of Australia and the western Unit-
ed States, these technologies have enabled farmers to 
continue productive farming despite long periods of 
drought.49

Governmental Policies and Support
Government initiatives are critical in supporting these 
adaptive strategies. Many governments have intro-
duced subsidies for the adoption of sustainable farm-
ing technologies, insurance schemes to protect farm-
ers against crop failures due to climate extremes, and 
programs to educate farmers about new agricultural 
practices. For example, the European Union’s Com-
mon Agricultural Policy provides direct payments to 
farmers undertaking environmentally friendly farming 
practices, aiming to make agriculture more sustain-
able and climate-resilient.50

Public Health Responses to Climate Change
Health Risks and Vulnerabilities

Heat-related Illnesses
The frequency and intensity of heat waves are increas-
ing due to climate change, leading to a rise in heat-related 

illnesses such as heat exhaustion and heatstroke. Vul-
nerable populations, including the elderly, children, 
and those with pre-existing health conditions, are par-
ticularly at risk. Studies show that during the summer 
of 2021, heat-related hospital admissions increased 
significantly in areas experiencing unprecedented 
high temperatures.51

Respiratory Conditions
Climate change also exacerbates respiratory conditions 
by increasing air pollution and pollen levels. Higher 
temperatures contribute to the formation of ground-
level ozone, which can irritate the respiratory system 
and worsen asthma and other pulmonary diseases.52 
Furthermore, extended pollen seasons and increased 
pollen concentrations, driven by longer growing 
seasons, further challenge individuals with allergic 
respiratory conditions.53

Global and National Response Strategies

Health Policies and Programs
Many countries have developed health policies 
specifically addressing climate-related risks. For 
instance, the World Health Organization (WHO) 
has guided the incorporation of climate resilience 
into public health planning, emphasizing the need 
for comprehensive health risk assessments and 
adaptation strategies.54 National policies, such as the 
Heat Health Action Plans in European countries, aim 
to reduce heat-related mortality by improving public 
and clinical responses during heat waves.55

Apart from individual national efforts, regional 
collaborations have proven effective in harmonizing 
responses to climate-related health risks. For instance, 
the Southeast Asia Regional Climate Change and 

Fig 1 | Conceptual framework for resilience
Source: World Health Organization (2015).57
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Health Adaptation Framework supports member states 
in integrating health considerations into broader 
climate change adaptation plans. This initiative fosters 
cross-border cooperation in areas such as infectious 
disease monitoring, emergency preparedness, and 
public health training, with a special focus on vector-
borne diseases exacerbated by climate change.56

Global and national strategies not only require robust 
policies but also a framework for understanding and 
enhancing resilience in health systems. Figure 1 illus-
trates the WHO’s conceptual framework for resilience.57 
It depicts how health systems can adapt to and recover 
from climate-related disturbances by enhancing their 
capacity to manage and mitigate challenges through 
strategic choices and opportunities, thereby decreasing 
vulnerability. This framework underpins the following 
discussions on surveillance systems and disaster pre-
paredness, showcasing the need for increased capacity 
and improved choices to achieve better outcomes and 
prevent system collapse under climate stress.

Surveillance Systems
Enhanced surveillance systems are crucial for early de-
tection and response to climate-sensitive health threats. 
These systems monitor and analyze epidemiological 
data to identify trends and outbreaks linked to climate 
variables. For example, the USA’s Climate-Ready States 
and Cities Initiative helps integrate climate change into 
public health surveillance and control activities, focus-
ing on diseases like Lyme disease and West Nile virus, 
which are sensitive to climatic conditions.58

Internationally, initiatives like the Global Heat Health 
Information Network (GHHIN) facilitate the sharing of 
resources and data among nations to improve respons-
es to heat-related health risks, a growing concern with 
global warming. This network provides tools, guide-
lines, and real-time monitoring capabilities that en-
hance the preparedness of health systems worldwide, 
especially in regions where heat wave events are becom-
ing more frequent and severe due to climate change.59

Disaster Preparedness
Increasingly, governments are investing in disaster pre-
paredness programs that include health considerations. 

These programs are designed to manage and mitigate 
the impacts of extreme weather events, such as hurri-
canes and floods, on public health. Training healthcare 
workers, establishing emergency medical facilities, and 
creating public awareness campaigns are common com-
ponents of these preparedness plans.60 Additionally, 
some countries are integrating climate change consider-
ations into their national health policies and emergency 
response frameworks to enhance their responsiveness 
to climate-related health emergencies. This proactive 
approach is crucial for reducing the direct impacts of di-
sasters on community health and for ensuring rapid and 
efficient recovery and rehabilitation.61

Economic Burden of Climate-Related Health Issues
Direct Costs
The financial implications of climate change on 
global health systems are profound, with direct costs 
escalating due to the increased prevalence of vector-
borne diseases such as malaria, dengue, and Zika, 
which necessitate expanded resources for treatment, 
control, and prevention. In 2023, the total annual 
cost of dengue worldwide was estimated to be USD 8.9 
billion.62

The direct financial implications of treating 
climate-sensitive diseases such as malaria are sub-
stantial, especially in regions like Sub-Saharan Africa. 
Households often bear significant costs, with average 
expenses for treating an outpatient malaria case esti-
mated at $12.57, nearly doubling for inpatient care.63 
This economic strain is further magnified on a national 
scale, where, at one point, up to 12% of Nigeria’s Gross 
Domestic Product was consumed by malaria treatment 
costs alone.64

In 2022, global funding for malaria control and 
elimination saw a modest increase, with a total of US$ 
4.1 billion allocated across 91 countries, including 84 
endemic and seven non-endemic nations.65 Despite 
this rise from US$ 3.5 billion in 2021, the funding still 
fell significantly short of the US$ 7.8 billion estimat-
ed as necessary to meet the Global Technical Strategy 
(GTS) targets for malaria reduction.65 The shortfall ex-
panded from US$ 2.3 billion in 2018 to US$ 3.7 billion 
in 2022, illustrating a growing gap where only 52% of 
the required funds were secured.65

Figure 2 displays the funding trends for malaria con-
trol and elimination, contrasting the actual funding 
achieved in 2022 against the target set for the year.65 
The right chart outlines the annual funding needed 
for malaria research and development, noting that 
in 2022, only US$ 603 million was provided against 
a target of US$ 851 million annually over the decade, 
achieving only 71% of the goal. These figures highlight 
both the progress and significant funding challenges 
remaining in the fight against malaria, emphasizing 
the critical need for increased investment to close the 
gap and meet health targets effectively.

Further emphasizing the economic impact of 
malaria, a study by Eboh and Adebayo reveals that in-
creased healthcare expenditures and improved access 
to basic sanitation services significantly influence the 

Fig 2 | Global technical strategy for malaria 2016–2030 (GTS) funding targets for 2025 
and 2030 (current 2022 US$) 
Source: World Health Organization (2023).65
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reduction of malaria incidence in selected African 
countries.66 This underscores the necessity for compre-
hensive health and environmental strategies to combat 
this prevalent disease, highlighting the interconnect-
edness of healthcare spending and environmental 
health initiatives as pivotal components of effective 
malaria management strategies.

Indirect Costs
The indirect costs associated with climate-related 
health issues extend beyond immediate healthcare ex-
penses, significantly impacting economic productivity 
and growth. Studies have illustrated that vector-borne 
diseases such as malaria, dengue, and Zika impose a 
substantial macroeconomic burden on resource-de-
ficient countries, critically hindering labor empower-
ment and productivity. For example, Ahuru and Omon 
highlighted how malaria drastically affects economic 
stability in Nigeria, representing a significant indirect 
cost to the economy.67 Similarly, Sarma et al. docu-
mented an inverse relationship between malaria inci-
dence and economic growth, suggesting that high ma-
laria rates correlate with reduced economic output.68 
This relationship is further exemplified in Uganda, 
where Orem et al. found that rising malaria cases were 
directly associated with declines in GDP, quantifying 
the disease’s impact in dollar terms.69

Indirect costs of malaria significantly affect econom-
ic stability and productivity across various sectors. In 
their study in Western Ethiopia, Tefera et al. reported 
that malaria illness leads to considerable productivity 
losses, with an average episode resulting in about 10 
days of lost labor, translating into substantial financial 
losses for affected households.70 Moreover, Amawulu 
and Dorothy noted that malaria-related healthcare 
burdens drastically affect household expenditures 

and economic stability in regions like Bayelsa State, 
Nigeria.71 In agrarian societies, the impact extends to 
agricultural productivity; Ajani and Ashagidigbi ob-
served that malaria negatively affects not only health 
status but also farm productivity and income due to 
incapacitation from the disease in Nigeria.72

Significant reductions in malaria incidence could 
not only mitigate indirect costs but also greatly en-
hance economic growth across Africa. The Malaria 
‘Dividend’, a report by Malaria No More UK based on 
data from Oxford Economics Africa, illustrates that 
achieving a 90% reduction in malaria cases by 2030 
could boost Africa’s GDP by $16 billion annually.73 
This strategic control of malaria could potentially in-
ject approximately $126.9 billion into Africa’s GDP 
over the decade, highlighting the profound economic 
incentives tied to effective disease management strate-
gies.73 Notably, Nigeria could see an economic increase 
of $35 billion, underscoring the substantial benefits of 
these health interventions for major economies within 
the continent.73

Figure 3 from the report visually represents these 
findings, showing a significant projected GDP increase 
for malaria-endemic countries, emphasizing the 
transformative economic impact that comprehensive 
and effective malaria reduction strategies could yield, 
thereby not only saving millions of lives but also 
enhancing the economic stability of the entire region.

Economic Impact of Infrastructure and  
Public Health Responses
Infrastructure Spending
The adaptation of infrastructure to combat the im-
pacts of climate change entails significant financial 
investments, particularly in upgrading health facilities 
and food storage systems to enhance resilience.74 The 
costs of such upgrades are substantial, with estimates 
suggesting that billions of dollars are needed global-
ly to make health infrastructure resilient to climate 
change.75 This includes the construction of flood-resis-
tant buildings, improved water storage and sanitation 
facilities, and the installation of sustainable energy 
sources to ensure continuity of care during disasters.76 
Similarly, investments in climate-resilient food stor-
age systems are crucial to prevent post-harvest loss-
es, which can be exacerbated by extreme weather 
conditions. These measures not only secure essential 
services and food security but also yield long-term sav-
ings by reducing future disaster recovery costs.77,78

Cost of Adaptation Strategies
Investing in climate adaptation strategies for public 
health, such as enhanced surveillance systems, public 
health training, and disaster preparedness programs, 
necessitates significant financial commitment but of-
fers substantial long-term savings.79,80 For instance, 
the implementation of advanced surveillance systems 
to monitor climate-sensitive health threats is costly 
initially but can significantly reduce the expense of 
outbreak response by allowing for early detection and 
intervention.81 Furthermore, investing in comprehensive 

Fig 3 | Estimate increase in GDP for malaria-endemic countries between 2023 and 2030
Source: Oxford Economics and Malaria No More UK.73
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public health training programs enhances the capa-
bility of health systems to respond to climate-related 
health risks, mitigating potential economic losses from 
unchecked health crises.82

In assessing the financial requirements for climate 
adaptation strategies in public health, the World Health 
Organization has provided detailed estimates on the 
necessary investments.83 According to the WHO, adapt-
ing public health systems to the challenges of climate 
change is expected to cost globally between $3.8 and 
$4.4 billion annually by 2030.83 This figure under-
scores the substantial financial commitment needed to 
enhance surveillance systems, public health training, 
and disaster preparedness programs. These strategies 
are crucial for mitigating the health impacts of climate 
change and can lead to significant long-term savings by 
preventing large-scale health crises. For instance, the 
integration of climate risks into public health planning 
can prevent extensive future expenditures on emergency 
responses to climate-induced health crises. The broader 
scope of health-related climate adaptation, which in-
cludes sectors like water supply and agriculture, push-
es the total annual global costs up to approximately 
$26.8–$29.4 billion, reflecting the interdisciplinary 
nature of effective climate adaptation strategies.83 These 
figures highlight the urgent need for increased funding 
and strategic planning to ensure global health security 
against the backdrop of climate change.

Examples of Effective Health Adaptations
Bangladesh: Cyclone Preparedness Program (CPP). Ban-
gladesh has successfully mitigated the impacts of severe 
weather through its Cyclone Preparedness Program 
(CPP). By investing in extensive early warning systems 
and adopting community-based response strategies, 
Bangladesh has significantly improved evacuation times 
and reduced casualties. The program emphasizes local 
engagement and continuous training, setting a global 
example for disaster preparedness and response.84

The Netherlands: Room for the River Program. Facing 
increased flood risks due to climate change, the Nether-
lands has implemented the Room for the River program. 
This initiative involves modifying landscapes to manage 
floodwaters more effectively, incorporating spatial plan-
ning and infrastructure adjustments. By allowing more 
space for rivers, the program aims to prevent floods in 
urban areas, enhancing resilience against climate-in-
duced sea level rise and river swelling.85

Canada: Heat Alert and Response Systems (HARS). 
Canada’s approach to managing heat-related health 
risks involves the Heat Alert and Response Systems 
(HARS). These systems provide real-time health 
advisories and public cooling centers during extreme 
heat events. Supported by extensive public education 
campaigns, HARS focuses on protecting vulnerable 
populations and raising awareness about the dangers 
of heat waves.86

Australia: Water Conservation and Drought 
Preparedness in Healthcare Facilities. Australia has 
pioneered integrating water conservation strategies 
within healthcare facilities to address frequent drought 

conditions exacerbated by climate change. Hospitals 
and healthcare systems have implemented advanced 
water-saving technologies and recycling programs, 
ensuring a sustainable water supply during prolonged 
drought periods. These measures not only safeguard 
health during water shortages but also set a standard 
for resource management in healthcare settings.87

Japan: Enhancing Resilience against Heat 
Stress in Elderly Populations. In response to rising 
temperatures, Japan has developed comprehensive 
public health programs targeting the elderly, who are 
particularly vulnerable to heat stress. These programs 
include widespread installation of air conditioning in 
public housing, regular health monitoring during heat 
waves, and community-based support networks. This 
proactive approach has significantly reduced heat-
related morbidity and mortality among Japan’s aging 
population.88

Conclusion
The review has meticulously explored the profound 
and interconnected impacts of climate change on 
vector-borne diseases, food security, and public 
health, illustrating a complex global health landscape 
that is being reshaped by shifting climate patterns. The 
evidence presented underscores the urgency of these 
issues, as warmer temperatures and altered precip-
itation levels contribute significantly to the spread of 
diseases and threaten food systems worldwide, ulti-
mately imposing severe challenges on public health 
infrastructures.

It is clear that addressing the multifaceted 
challenges posed by climate change requires an 
integrated approach that combines robust research, 
informed policy-making, and effective practice. This 
integration is crucial for developing adaptive strategies 
that not only respond to immediate health crises 
but also anticipate future challenges. Policies and 
practices grounded in comprehensive, evidence-based 
research can better protect vulnerable populations and 
ecosystems, ensuring a resilient response to the health 
risks posed by climate change.

Given the global nature of these challenges, interna-
tional cooperation remains paramount.

Strengthening global partnerships and fostering in-
novative solutions are essential for sharing knowledge, 
optimizing resources, and scaling effective interven-
tions. The call to action is urgent: stakeholders at all 
levels must collaborate more closely to enhance the 
collective ability to manage and mitigate the health 
effects of climate change, ensuring a healthier, more 
sustainable future for all.
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