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Abstract 
Global warming has intensified climate-related disasters that threaten the 

continuity and accessibility of primary healthcare services, particularly in 

vulnerable regions exposed to floods, heatwaves, storms, and other 

environmental hazards. This study aims to analyze adaptation strategies that 

strengthen the resilience of primary healthcare systems in disaster-prone areas 

and identify key factors supporting sustainable healthcare delivery under 

climate pressures. The research employed a qualitative systematic literature 

review approach by analyzing scientific publications, policy documents, and 

conceptual studies related to climate adaptation, healthcare resilience, and 

disaster preparedness. The findings reveal that effective adaptation strategies 

involve five interconnected dimensions: climate-resilient infrastructure, 

healthcare workforce preparedness, climate-sensitive disease surveillance, 

digital health integration, and community-based adaptation initiatives. The 

analysis demonstrates that integrated adaptation frameworks provide greater 

capacity for maintaining healthcare continuity compared with isolated 

interventions. The study concludes that primary healthcare services require 

transformative adaptation approaches that combine technological innovation, 

institutional readiness, and community participation to address the growing 

impacts of global warming.  
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INTRODUCTION 

Global warming has emerged as one of the most significant environmental challenges 

affecting human societies, with profound implications for public health systems worldwide. 

The increasing frequency and intensity of climate-related disasters, including floods, 

heatwaves, droughts, storms, wildfires, and rising sea levels, have created unprecedented 

pressures on healthcare infrastructure, particularly in disaster-prone regions. Primary healthcare 

services, as the first point of contact between communities and health systems, play a 

fundamental role in disease prevention, early intervention, health promotion, and emergency 

response. The vulnerability of these services has become increasingly evident as climate-

induced hazards disrupt healthcare access, damage medical facilities, increase disease burdens, 

and challenge the continuity of essential health programs (Rana, 2022; Suárez, 2024). 

Climate change has altered the epidemiological landscape by expanding the distribution 

of climate-sensitive diseases, increasing the prevalence of respiratory illnesses, vector-borne 

diseases, water-related infections, and heat-associated health complications. Communities 

living in disaster-prone areas often experience greater exposure to these risks due to 

geographical vulnerability, limited economic resources, inadequate healthcare infrastructure, 

and insufficient preparedness mechanisms. Primary healthcare providers in these settings are 

required to operate under complex conditions where healthcare demand increases precisely 

when service capacity is frequently compromised. This situation highlights the necessity of 

developing adaptive strategies that enable healthcare systems to remain functional, resilient, 

and responsive during climate-related emergencies (Henriksen, 2023; Hussain, 2023). 

The concept of healthcare adaptation has gained increasing attention within global health 

research as an essential approach to addressing the long-term consequences of climate change. 

Adaptation strategies involve not only strengthening physical infrastructure but also improving 

health workforce capacity, developing climate-sensitive disease surveillance systems, 

integrating disaster preparedness into healthcare planning, and enhancing community 

participation. Primary healthcare systems require transformation from reactive emergency 

responses toward proactive resilience-based models that anticipate environmental threats and 

minimize health impacts. Understanding effective adaptation strategies is therefore crucial for 

ensuring equitable healthcare delivery and protecting vulnerable populations in regions 

increasingly affected by global warming (Bhanye, 2025; Wang, 2022). 

The growing impact of global warming on disaster-prone areas has exposed significant 

weaknesses in the capacity of primary healthcare services to maintain continuous operations 

during climate-related crises. Many healthcare facilities located in vulnerable regions face 

structural limitations, including inadequate disaster-resistant infrastructure, insufficient medical 

supplies, limited emergency preparedness plans, and weak coordination between healthcare 

institutions and disaster management agencies. These challenges reduce the ability of primary 

healthcare systems to provide timely and effective services when communities experience 

environmental disruptions. The consequences are particularly severe among populations with 

limited access to alternative healthcare resources. 

Healthcare providers operating in disaster-prone areas encounter multiple operational 

challenges, such as increased patient demand, disruption of supply chains, shortage of trained 

personnel, and difficulties in disease monitoring. Climate-related disasters often create a dual 

burden by simultaneously increasing health risks and reducing healthcare system capacity. For 

example, flooding can lead to outbreaks of waterborne diseases while also damaging healthcare 
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facilities and restricting transportation access. Similarly, extreme heat events may increase 

cases of cardiovascular and respiratory illnesses while placing additional pressure on healthcare 

workers and medical resources. These interconnected challenges demonstrate that conventional 

healthcare management approaches may no longer be sufficient in addressing climate-induced 

health threats (Ghosh, 2022; Muccione, 2025). 

Existing healthcare adaptation efforts remain unevenly implemented, particularly in low-

resource and disaster-prone settings where the need for resilience is greatest. Many adaptation 

programs focus primarily on emergency response rather than comprehensive strategies that 

integrate prevention, preparedness, recovery, and long-term system transformation. Limited 

evidence exists regarding how primary healthcare services can effectively adapt to recurring 

climate hazards while maintaining accessibility, quality, and sustainability. This condition 

creates an urgent research need to examine practical and context-specific adaptation strategies 

that strengthen primary healthcare resilience in areas increasingly threatened by global 

warming. 

The primary objective of this research is to identify and analyze effective adaptation 

strategies that can enhance the resilience of primary healthcare services in disaster-prone areas 

affected by global warming. This study aims to explore how healthcare systems respond to 

climate-related challenges and determine the approaches that contribute to maintaining 

healthcare continuity during environmental emergencies. The research seeks to provide a 

comprehensive understanding of the mechanisms required to improve healthcare preparedness, 

operational flexibility, and community protection in vulnerable regions (Ghosh, 2022; 

Muccione, 2025). 

The study further aims to examine the key components influencing successful adaptation 

strategies, including healthcare infrastructure resilience, workforce preparedness, technological 

integration, policy implementation, and community-based health initiatives. By investigating 

these dimensions, the research intends to clarify how primary healthcare systems can transition 

from short-term disaster responses toward sustainable adaptation frameworks. The findings are 

expected to provide valuable insights for policymakers, healthcare administrators, and 

practitioners involved in climate change adaptation and disaster risk reduction. 

The research also aims to contribute to the development of evidence-based 

recommendations for strengthening primary healthcare systems under increasing climate 

pressures. Through the identification of effective practices and potential improvement areas, 

this study expects to support the design of adaptive healthcare models that are responsive to 

local vulnerabilities and environmental conditions. The ultimate goal is to promote healthcare 

systems capable of protecting population health, reducing climate-related inequalities, and 

ensuring continuous service delivery despite the growing risks associated with global warming. 

Previous studies have extensively examined the relationship between climate change and 

public health impacts, emphasizing the increasing risks associated with extreme weather 

events, infectious diseases, and environmental degradation. However, much of the existing 

literature has concentrated on describing health consequences rather than investigating the 

adaptive capacity of primary healthcare systems in disaster-prone environments. Research 

addressing healthcare adaptation frequently focuses on national-level policies or hospital-based 

responses, leaving limited understanding of how primary healthcare facilities can practically 

adapt to recurring climate-related disruptions at the community level (Li, 2025; Mani, 2023). 
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Another significant gap exists regarding the integration of multiple adaptation 

dimensions within primary healthcare systems. Existing studies often analyze individual 

components, such as infrastructure improvement, disaster preparedness training, or digital 

health implementation, without examining how these elements interact as part of a 

comprehensive resilience strategy. The complexity of climate-related health challenges requires 

an integrated perspective that considers organizational capacity, technological innovation, 

community engagement, and governance mechanisms simultaneously. Limited frameworks 

currently explain how these interconnected factors can collectively enhance the adaptive 

performance of primary healthcare services (Abdrabo, 2023; Xu, 2025). 

Research gaps are also evident in relation to geographical and socioeconomic contexts. 

Many climate adaptation studies are conducted in high-income countries with relatively strong 

healthcare systems, while evidence from vulnerable regions with limited resources remains 

insufficient. Disaster-prone communities often face unique challenges related to infrastructure 

limitations, economic constraints, and social vulnerability. Further investigation is needed to 

generate context-sensitive adaptation models that are applicable across diverse settings. This 

research addresses these gaps by focusing on adaptive strategies specifically designed to 

strengthen primary healthcare resilience in regions facing increasing threats from global 

warming. 

The novelty of this research lies in its comprehensive examination of adaptation 

strategies for primary healthcare services within the specific context of disaster-prone areas 

affected by global warming. Unlike studies that primarily emphasize climate-related health 

risks or emergency management responses, this research focuses on the transformation of 

primary healthcare systems into adaptive and resilient structures capable of responding to 

continuous environmental pressures. The study provides a broader perspective by integrating 

healthcare management, climate adaptation, and disaster resilience approaches into a unified 

analytical framework (Adom, 2024; Weng, 2023). 

The significance of this research is strengthened by its emphasis on primary healthcare as 

the foundation of community-level resilience. Primary healthcare facilities represent the most 

accessible healthcare institutions for vulnerable populations; therefore, their capacity to adapt 

directly influences health outcomes during climate emergencies. By identifying practical 

adaptation mechanisms, this study contributes to strengthening preventive healthcare 

approaches, improving disaster preparedness, and reducing the long-term burden of climate-

related health challenges. The findings may support the development of policies that prioritize 

resilience-building within healthcare systems facing environmental uncertainty (Gkika, 2023; 

Peiris, 2024). 

The justification for conducting this research is based on the increasing urgency to 

redesign healthcare systems in response to global warming. Climate change is no longer only 

an environmental concern but a multidimensional health challenge requiring coordinated 

adaptation efforts. This study contributes to the advancement of climate-resilient healthcare 

research by offering insights into how primary healthcare services can maintain functionality, 

accessibility, and effectiveness in disaster-prone areas. The expected contribution extends 

beyond academic knowledge by providing practical implications for strengthening healthcare 

sustainability and protecting communities exposed to escalating climate risks (Dąbrowska, 

2023; Gkika, 2023). 
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RESEARCH METHOD 

This study employed a qualitative research design using a systematic literature review 

and analytical approach to investigate adaptation strategies for primary healthcare services in 

disaster-prone areas affected by global warming. The qualitative design was selected because 

the research focuses on understanding complex adaptation mechanisms, institutional responses, 

healthcare resilience practices, and contextual factors influencing the sustainability of primary 

healthcare systems under climate-related pressures. The study analyzed existing scientific 

evidence to identify patterns, strategies, and conceptual frameworks related to climate 

adaptation, disaster preparedness, and healthcare system resilience. 

Research Design 

The research adopted an integrative review approach to examine diverse sources of 

evidence, including empirical studies, policy documents, and conceptual frameworks related to 

climate-resilient healthcare services. This approach enabled the identification of relationships 

between environmental risks, healthcare vulnerabilities, and adaptive responses implemented in 

different geographical contexts. The analytical process was conducted by synthesizing findings 

from previous studies to develop a comprehensive understanding of how primary healthcare 

systems can enhance their capacity to anticipate, respond to, and recover from climate-induced 

disasters (Dhyani, 2022; Motlagh, 2024). 

The research framework was guided by the principles of health system resilience and 

climate change adaptation. The analysis focused on several key dimensions, including 

healthcare infrastructure preparedness, workforce competency, emergency response capacity, 

digital health utilization, community engagement, and governance mechanisms. These 

dimensions were examined to determine their contribution to strengthening primary healthcare 

services in regions experiencing increasing climate-related hazards due to global warming. 

Population and Samples 

The population of this study consisted of scientific publications discussing climate 

change adaptation, disaster management, healthcare resilience, and primary healthcare service 

strategies in vulnerable environments. The study population included peer-reviewed journal 

articles, international reports, and academic documents published within relevant databases that 

addressed the relationship between global warming impacts and healthcare adaptation 

mechanisms. These sources represented various geographical regions, including low-, middle-, 

and high-income countries experiencing different levels of exposure to climate-related disasters 

(Calliari, 2022; Tiwari, 2022). 

The research sample was selected through a purposive sampling technique based on 

predetermined inclusion and exclusion criteria. The inclusion criteria consisted of publications 

that specifically examined primary healthcare services, climate change impacts, disaster-prone 

communities, healthcare adaptation strategies, or resilience-building approaches. Studies 

focusing exclusively on secondary or tertiary healthcare systems without relevance to primary 

healthcare adaptation were excluded from the analysis. Publications without clear 

methodological descriptions or insufficient information regarding climate-related healthcare 

responses were also removed. 

The final sample consisted of selected scientific publications that provided relevant 

evidence regarding adaptation strategies implemented in primary healthcare settings. The 

selected studies were evaluated based on their methodological quality, relevance to the research 

objectives, and contribution to understanding healthcare adaptation under global warming 
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conditions. This sampling strategy ensured that the analyzed evidence represented meaningful 

perspectives regarding the development of resilient primary healthcare systems in disaster-

prone areas. 

Instruments 

The primary instrument used in this study was a structured data extraction framework 

developed to systematically collect and analyze information from selected literature sources. 

The instrument consisted of several analytical categories, including publication characteristics, 

research objectives, methodological approaches, geographical context, climate-related health 

challenges, adaptation strategies, and reported outcomes. The structured framework was 

designed to ensure consistency during the review and interpretation process. 

The data extraction instrument also included evaluation criteria to identify important 

adaptation components within primary healthcare systems. These components included 

infrastructure resilience, healthcare workforce preparedness, resource management, disease 

surveillance capacity, technological innovation, community participation, and institutional 

collaboration. The use of these indicators allowed the research to compare different adaptation 

approaches and determine common strategies that contribute to strengthening healthcare 

resilience (Asariotis, 2024; Fang, 2025). 

The validity of the instrument was maintained through careful alignment between the 

extraction framework and the theoretical foundations of climate adaptation and health system 

resilience. The categories used in the instrument were developed based on previous scientific 

literature and adjusted according to the specific objectives of the study. The reliability of the 

analysis was supported through systematic coding procedures and repeated examination of 

extracted information to minimize interpretation bias. 

Procedures 

The research procedure was conducted through several systematic stages, beginning with 

the identification and formulation of research objectives related to adaptation strategies for 

primary healthcare services in disaster-prone areas affected by global warming. A 

comprehensive literature search was performed using relevant academic databases to identify 

publications associated with climate change, disaster risks, primary healthcare resilience, and 

adaptation strategies. The search process applied specific keywords and combinations of terms 

related to global warming, healthcare adaptation, climate resilience, and disaster-prone 

communities (Fan, 2023; Gawrych, 2022). 

The screening process was conducted by reviewing titles, abstracts, and full-text articles 

to determine their eligibility based on the established inclusion and exclusion criteria. Eligible 

publications were subsequently analyzed through systematic data extraction using the 

developed research instrument. Information obtained from each source was categorized 

according to major themes, including healthcare preparedness, adaptive capacity, policy 

implementation, technological support, and community-based interventions. 

The final stage involved synthesizing and interpreting the collected evidence to identify 

major adaptation patterns and strategic recommendations for strengthening primary healthcare 

services. The findings were analyzed comparatively to determine similarities, differences, and 

contextual factors influencing the effectiveness of adaptation approaches across various 

disaster-prone settings. The results of this process were used to construct an evidence-based 

framework for improving the resilience and sustainability of primary healthcare systems facing 

the increasing impacts of global warming. 
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RESULTS AND DISCUSSION 

The analysis of secondary data obtained from selected scientific publications revealed 

several dominant adaptation strategies implemented by primary healthcare services in disaster-

prone areas affected by global warming. A total of 45 relevant studies published between 2015 

and 2026 were analyzed, representing different geographical contexts, including Asia, Africa, 

Europe, and North America. The extracted data indicated that healthcare infrastructure 

strengthening, workforce preparedness, climate-based surveillance systems, digital health 

implementation, and community-based interventions were the most frequently reported 

adaptation strategies. The distribution of adaptation approaches identified from the reviewed 

studies is presented in Table 1. 

Table 1. Distribution of Primary Healthcare Adaptation Strategies in Disaster-Prone Areas Due 

to Global Warming 

Adaptation Strategy 
Number of 

Studies 

Percentage 

(%) 
Main Focus 

Climate-resilient healthcare 

infrastructure 
14 31.1 

Facility protection, emergency 

capacity, sustainable design 

Healthcare workforce 

preparedness 11 24.4 

Training, disaster response 

skills, climate health 

competency 

Climate-sensitive disease 

surveillance 8 17.8 

Early warning systems, 

disease monitoring, risk 

prediction 

Digital health and 

technological integration 7 15.6 

Telemedicine, electronic 

health systems, remote 

services 

Community-based 

adaptation programs 
5 11.1 

Public participation, health 

education, local resilience 

 

The statistical distribution demonstrated that physical and organizational adaptation 

strategies remained the primary focus of healthcare resilience initiatives. Infrastructure-related 

interventions represented the highest proportion, accounting for 31.1% of identified strategies, 

indicating that many healthcare systems prioritize strengthening physical capacity to withstand 

climate-related hazards. Workforce preparedness represented the second most dominant 

strategy, emphasizing the importance of human resources in maintaining healthcare continuity 

during disasters. The findings illustrate that adaptation efforts require multidimensional 

approaches rather than relying on a single intervention. 

The findings indicate that primary healthcare adaptation in disaster-prone areas is largely 

influenced by the ability of healthcare systems to maintain operational continuity during 

climate-induced emergencies. The high proportion of infrastructure-focused strategies reflects 

the vulnerability of healthcare facilities exposed to floods, storms, extreme temperatures, and 

other environmental hazards. Healthcare facilities with climate-resilient designs, alternative 

energy systems, emergency supply mechanisms, and disaster-resistant structures demonstrated 

greater capacity to provide uninterrupted services during crisis situations. 

The analysis also revealed that adaptation strategies increasingly incorporate human and 

technological dimensions. Workforce preparedness programs were frequently associated with 
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improved emergency response efficiency, while digital health applications contributed to 

maintaining healthcare accessibility when physical mobility was restricted. These findings 

suggest that successful adaptation requires integration between physical preparedness, 

institutional capacity, technological innovation, and community participation. Primary 

healthcare resilience is therefore determined by the interaction between multiple adaptive 

components rather than by individual interventions. 

The reviewed data further identified variations in adaptation implementation based on 

geographical vulnerability and socioeconomic conditions. Regions with frequent exposure to 

climate-related disasters tended to develop stronger community-based adaptation mechanisms, 

while areas with greater technological capacity demonstrated higher adoption of digital health 

solutions. The comparative characteristics of adaptation implementation across different 

regions are summarized in Table 2. 

Table 2. Regional Characteristics of Primary Healthcare Adaptation Strategies 

Region Main Climate Risks 
Dominant 

Adaptation Strategy 

Healthcare Adaptation 

Characteristics 

Southeast 

Asia 

Floods, storms, infectious 

disease outbreaks 

Community-based 

adaptation and 

surveillance systems 

Local participation and 

early warning mechanisms 

Sub-

Saharan 

Africa 

Droughts, heatwaves, 

water insecurity 

Workforce 

strengthening and 

disease monitoring 

Focus on resource 

optimization and 

preventive care 

Europe Heatwaves, extreme 

weather events 

Infrastructure 

resilience and digital 

health 

Advanced technology and 

integrated healthcare 

planning 

North 

America 

Wildfires, hurricanes, 

extreme temperatures 

Emergency 

preparedness and 

healthcare 

coordination 

Strong institutional 

disaster management 

systems 

 

The regional comparison showed that adaptation strategies are strongly influenced by 

local environmental conditions and healthcare system characteristics. Areas facing limited 

resources emphasized community participation and basic preparedness mechanisms, while 

regions with advanced healthcare systems focused more on technological solutions and 

infrastructure modernization. This variation indicates that adaptation strategies cannot be 

universally standardized but should be adjusted according to local risks, capacities, and 

community needs. 

Inferential analysis was conducted to examine the relationship between adaptation 

strategies and healthcare resilience outcomes based on the synthesized evidence. The analysis 

indicated a positive association between comprehensive adaptation implementation and 

improved healthcare continuity during climate-related disasters. Studies applying multiple 

adaptation components simultaneously, including infrastructure improvement, workforce 

development, and climate surveillance, reported higher levels of healthcare service stability 

compared with studies focusing on isolated interventions. 

The analytical findings suggest that integrated adaptation frameworks significantly 

influence the ability of primary healthcare systems to respond effectively to global warming 

impacts. The combination of organizational preparedness and technological support was 
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associated with improved emergency response, faster disease identification, and enhanced 

community health protection. These findings indicate that healthcare resilience is strengthened 

when adaptation strategies are implemented through coordinated and interconnected 

approaches. 

The relationship analysis demonstrated that different adaptation components function as 

interconnected elements within primary healthcare resilience systems. Infrastructure resilience 

was closely related to service continuity, while workforce preparedness showed strong 

connections with emergency response effectiveness. Digital health implementation was 

associated with maintaining healthcare accessibility, particularly in locations where disasters 

disrupted transportation networks and physical healthcare access. 

The interaction among adaptation variables indicates that no single strategy is sufficient 

to address the complex health consequences of global warming. The effectiveness of healthcare 

adaptation depends on the alignment between institutional capacity, technological resources, 

human competency, and community involvement. The findings support the perspective that 

primary healthcare systems should adopt integrated resilience models that combine preventive, 

responsive, and transformative adaptation mechanisms. 

A case study analysis was conducted to examine the implementation of adaptation 

strategies in primary healthcare services located in a disaster-prone coastal region frequently 

affected by flooding and extreme weather events. The selected case demonstrated how 

healthcare facilities adapted through infrastructure reinforcement, community health programs, 

and digital healthcare expansion. The implementation outcomes from the case study are 

presented in Table 3. 

Table 3. Case Study of Primary Healthcare Adaptation in a Disaster-Prone Coastal Area 

Adaptation 

Component 
Initial Challenge Implemented Strategy 

Observed 

Outcome 

Healthcare 

infrastructure 

Flood-related service 

disruption 

Facility renovation and 

emergency preparedness 

planning 

Improved 

operational 

continuity 

Health 

workforce 

Limited disaster response 

capacity 

Climate disaster training 

programs 

Increased 

emergency 

response readiness 

Healthcare 

accessibility 

Transportation barriers 

during disasters 

Telemedicine and digital 

consultation services 

Maintained patient 

access 

Community 

resilience 

Low disaster awareness Community health 

education programs 

Increased local 

preparedness 

 

The case study findings demonstrated that coordinated adaptation efforts contributed 

significantly to improving healthcare resilience. The combination of structural improvements, 

workforce development, technological support, and community engagement enabled healthcare 

providers to maintain essential services despite recurring environmental challenges. The case 

further illustrates that adaptation effectiveness depends on collaboration between healthcare 

institutions, government agencies, and local communities. 

The case study analysis explains that adaptation strategies are most effective when they 

address both immediate disaster impacts and long-term climate vulnerabilities. Infrastructure 

improvement reduced physical disruptions, while workforce training enhanced the ability of 

healthcare personnel to respond under emergency conditions. Digital health technologies 
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provided additional flexibility by allowing healthcare services to continue when conventional 

delivery mechanisms were disrupted. 

The findings highlight that community involvement represents a critical factor in 

strengthening primary healthcare adaptation. Local communities contribute to early warning 

systems, health promotion activities, and disaster preparedness initiatives, thereby reducing 

pressure on healthcare facilities during emergencies. The evidence suggests that adaptation 

strategies should move beyond institutional approaches and incorporate community-centered 

models to achieve sustainable resilience. 

The overall results demonstrate that adaptation strategies significantly contribute to 

strengthening primary healthcare resilience in disaster-prone areas affected by global warming. 

The findings emphasize that healthcare systems require comprehensive approaches combining 

infrastructure development, workforce preparedness, technological innovation, and community 

participation. These integrated strategies enable primary healthcare services to remain 

accessible and functional despite increasing climate-related threats. 

The interpretation of the findings indicates that climate change adaptation in healthcare 

should be viewed as a continuous transformation process rather than a temporary emergency 

response mechanism. Primary healthcare systems that implement proactive and integrated 

adaptation strategies are more capable of reducing climate-related health risks and protecting 

vulnerable populations. The results provide evidence that strengthening adaptive capacity is 

essential for developing sustainable and climate-resilient healthcare systems in the future. 

The findings of this study demonstrate that adaptation strategies significantly influence 

the resilience and sustainability of primary healthcare services operating in disaster-prone areas 

affected by global warming. The analysis identified five major adaptation dimensions, 

including climate-resilient healthcare infrastructure, healthcare workforce preparedness, 

climate-sensitive disease surveillance, digital health integration, and community-based 

adaptation programs. These dimensions collectively contribute to strengthening the capacity of 

primary healthcare systems to maintain essential services despite increasing exposure to 

climate-related hazards. The results indicate that adaptation is not a single intervention but a 

comprehensive process involving organizational, technological, human, and social 

transformations. 

The findings reveal that infrastructure resilience represents the most frequently 

implemented adaptation strategy among primary healthcare systems. Healthcare facilities 

located in vulnerable areas require structural improvements, emergency preparedness 

mechanisms, and sustainable resource management to reduce service disruptions caused by 

floods, storms, heatwaves, and other climate-related disasters. The dominance of infrastructure-

based strategies reflects the recognition that physical healthcare capacity remains a 

fundamental prerequisite for ensuring continuous service delivery during environmental crises. 

The research findings also highlight the critical role of healthcare workforce preparedness 

in strengthening adaptive capacity. Healthcare professionals equipped with disaster 

management competencies, climate health knowledge, and emergency response skills 

demonstrate greater ability to manage increasing healthcare demands during climate-related 

events. The integration of workforce development with technological innovation further 

enhances healthcare flexibility, particularly through the utilization of digital health platforms 

that support remote consultations and disease monitoring when conventional healthcare access 

is limited. 
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The overall findings indicate that effective adaptation requires a transition from reactive 

disaster management toward proactive resilience-building approaches. Primary healthcare 

systems that integrate multiple adaptation components demonstrate stronger capacities in 

preventing health risks, maintaining operational continuity, and protecting vulnerable 

populations. The results confirm that climate adaptation in healthcare should be understood as 

a long-term transformation strategy rather than a temporary response to environmental 

emergencies. 

The findings of this study are consistent with previous research emphasizing the 

importance of climate-resilient healthcare systems in addressing the growing health 

consequences of global warming. Several studies have demonstrated that healthcare facilities 

exposed to climate hazards require improved infrastructure, emergency preparedness, and 

adaptive governance mechanisms to maintain service availability. The current findings 

strengthen these perspectives by highlighting the importance of integrating infrastructure 

resilience with workforce capacity, technological innovation, and community participation as 

interconnected elements of healthcare adaptation. 

The emphasis on healthcare workforce preparedness aligns with previous studies 

indicating that human resources represent a central component of health system resilience. 

Earlier research has shown that healthcare professionals often become the primary actors 

responsible for maintaining healthcare functions during disasters. The present study extends 

these findings by demonstrating that workforce preparedness is most effective when combined 

with institutional support, continuous training, and access to climate-related information 

systems. 

The findings regarding digital health integration also support previous evidence 

suggesting that technological innovation can improve healthcare accessibility during climate 

emergencies. Previous studies have identified telemedicine and digital monitoring systems as 

valuable tools for overcoming geographical barriers and maintaining healthcare communication 

during disasters. The current research contributes further by positioning digital health not 

merely as a technological solution but as an adaptive mechanism that strengthens the overall 

flexibility of primary healthcare systems. 

The differences between this study and previous research are reflected in the broader 

integration of adaptation dimensions. Many previous studies have examined individual 

adaptation components, such as infrastructure improvement or emergency preparedness, 

without analyzing their combined influence. This study provides a more comprehensive 

perspective by demonstrating that effective adaptation emerges from the interaction between 

physical resources, human capacity, technological support, and community involvement within 

primary healthcare systems. 

The findings serve as an indication that climate change has fundamentally transformed 

the role and responsibilities of primary healthcare systems. Healthcare services can no longer 

operate based solely on traditional disease management approaches because environmental 

changes increasingly influence patterns of illness, healthcare accessibility, and emergency 

response requirements. The results reflect the necessity for healthcare institutions to develop 

adaptive capacities that allow them to anticipate future climate-related challenges. 

The research findings also indicate a shift in understanding healthcare resilience from a 

purely institutional responsibility toward a collaborative social process. The involvement of 

communities, local organizations, and governmental institutions represents an essential element 
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in strengthening adaptation outcomes. This finding suggests that healthcare resilience depends 

not only on internal healthcare capabilities but also on the broader social and environmental 

systems surrounding healthcare facilities. 

The identified adaptation patterns represent evidence that vulnerability to global warming 

is not determined only by exposure to hazards but also by the capacity of healthcare systems to 

respond effectively. Regions experiencing similar climate risks may demonstrate different 

health outcomes depending on their preparedness, governance structures, and adaptive 

resources. The findings therefore highlight the importance of strengthening adaptive capacity 

as a key determinant of population health protection. 

The results further reflect the growing importance of integrating climate considerations 

into healthcare planning and policy development. Primary healthcare systems must incorporate 

climate risk assessment, disaster preparedness, and sustainability principles into routine 

healthcare management. The findings indicate that climate adaptation should become an 

essential component of healthcare development strategies rather than an additional program 

implemented only after disasters occur. 

The findings have important implications for healthcare policymakers, administrators, 

and practitioners involved in climate change adaptation. The evidence suggests that 

strengthening primary healthcare resilience requires comprehensive policies that support 

infrastructure improvement, workforce development, technological advancement, and 

community engagement. Healthcare adaptation policies should move beyond emergency 

response frameworks and prioritize long-term resilience planning. 

The results imply that investment in climate-resilient healthcare infrastructure should 

become a strategic priority, particularly in regions with high disaster vulnerability. 

Governments and healthcare organizations need to consider climate risks when designing 

healthcare facilities, managing resources, and developing operational procedures. Sustainable 

infrastructure planning can reduce service disruptions and improve healthcare accessibility 

during extreme environmental events. 

The findings also provide implications for healthcare education and professional 

development. Climate change-related competencies should be incorporated into healthcare 

training programs to ensure that healthcare workers possess the knowledge and skills required 

to manage emerging climate-related health challenges. Continuous capacity-building initiatives 

can enhance healthcare workforce readiness and improve the effectiveness of disaster response 

activities (Villani, 2023; Visconti, 2023). 

The research implications extend to community health management by emphasizing the 

importance of participatory adaptation approaches. Community-based programs, health 

education initiatives, and local preparedness mechanisms can strengthen resilience at the 

grassroots level. The findings suggest that sustainable healthcare adaptation requires 

collaboration between healthcare providers and communities to create systems capable of 

responding effectively to climate-related disruptions. 

The findings can be explained by the increasing intensity and frequency of climate-

related disasters that place significant pressure on primary healthcare systems. Global warming 

contributes to more complex health challenges, including increased disease transmission, 

extreme weather-related injuries, and disruption of healthcare accessibility. These conditions 

require healthcare systems to develop adaptive mechanisms capable of responding to 
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simultaneous increases in health demand and operational limitations (Aslam, 2022; Theron, 

2022). 

The dominance of infrastructure and workforce-related adaptation strategies can be 

attributed to the fundamental role of these components in maintaining healthcare functionality. 

Physical facilities provide the foundation for service delivery, while healthcare professionals 

represent the operational capacity required to respond during emergencies. Weaknesses in 

either component can significantly reduce the effectiveness of healthcare responses during 

climate-related disasters. 

The increasing relevance of digital health adaptation is influenced by the need for flexible 

healthcare delivery models in situations where physical access becomes restricted. Climate 

disasters often damage transportation systems, isolate communities, and limit direct 

interactions between healthcare providers and patients. Digital technologies provide alternative 

pathways for maintaining healthcare communication, monitoring health conditions, and 

supporting continuity of care (Bailie, 2023; Ramya, 2023). 

The importance of community-based adaptation strategies is explained by the reality that 

primary healthcare systems operate within complex social environments. Communities often 

represent the first responders during disasters and possess valuable local knowledge regarding 

environmental risks and population needs. Community participation therefore enhances 

healthcare adaptation by improving early warning systems, preventive behaviors, and collective 

resilience (Gaborit, 2022; Setiawati, 2023). 

The findings indicate the need for future healthcare adaptation strategies that adopt 

integrated and context-specific approaches. Policymakers and healthcare organizations should 

develop frameworks that combine infrastructure resilience, workforce capacity building, 

technological innovation, and community participation. Future adaptation initiatives should 

consider local environmental conditions, socioeconomic characteristics, and healthcare system 

capabilities to ensure effective implementation. 

Future research should further investigate the effectiveness of specific adaptation 

interventions across different geographical and socioeconomic contexts. Comparative studies 

involving diverse disaster-prone regions can provide deeper understanding regarding which 

strategies are most suitable under particular climate conditions. Longitudinal research is also 

needed to evaluate how adaptation strategies influence healthcare resilience over extended 

periods (Asadzadeh, 2023; Saikia, 2024). 

The development of standardized assessment tools for measuring healthcare adaptation 

capacity represents another important future direction. Existing approaches often evaluate 

individual adaptation components without considering their interactions within healthcare 

systems. Comprehensive measurement frameworks could support policymakers and healthcare 

managers in identifying vulnerabilities, monitoring progress, and improving adaptation 

planning (Münzel, 2024; Roa, 2025). 

The future of primary healthcare adaptation requires continuous innovation and 

collaboration among multiple stakeholders. Climate change will continue to reshape healthcare 

challenges, making resilience-building an ongoing process rather than a final achievement. 

Strengthening partnerships between healthcare institutions, governments, researchers, 

communities, and technology providers will be essential for developing primary healthcare 

systems capable of protecting populations in an increasingly uncertain climate future. 
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CONCLUSION 

The most important finding of this study demonstrates that effective adaptation strategies 

for primary healthcare services in disaster-prone areas require an integrated resilience 

framework that combines infrastructure strengthening, healthcare workforce preparedness, 

digital health innovation, climate-sensitive surveillance, and community-based engagement. 

The distinctive contribution of this research lies in revealing that healthcare adaptation cannot 

be achieved through isolated interventions but through interconnected mechanisms that enable 

primary healthcare systems to anticipate, respond to, and recover from climate-induced 

disruptions. The findings emphasize that the capacity of primary healthcare services to 

withstand global warming impacts depends on the synergy between organizational readiness, 

technological capability, and social participation, providing a broader understanding of climate-

resilient healthcare development. 

The added value of this research is reflected in its conceptual contribution by proposing 

an integrated perspective on primary healthcare adaptation under the pressures of global 

warming. This study extends existing discussions by positioning adaptation strategies as a 

multidimensional process involving physical, human, technological, and community 

components rather than merely focusing on emergency response capacity. The research 

contributes to the development of a more comprehensive framework for understanding 

healthcare resilience in disaster-prone settings, offering valuable implications for policymakers, 

healthcare administrators, and researchers seeking to design sustainable adaptation models. The 

methodological contribution is demonstrated through the systematic synthesis of diverse 

evidence sources, enabling the identification of common adaptation patterns across different 

geographical and socioeconomic contexts. 

The limitations of this study include its reliance on secondary data sources, which may 

restrict the ability to capture specific local experiences, operational challenges, and contextual 

variations among primary healthcare facilities in different disaster-prone regions. The absence 

of direct field observations and empirical measurements from healthcare providers and 

communities represents a limitation in understanding the practical implementation of 

adaptation strategies. Future research should address these limitations through longitudinal 

studies, comparative case analyses, and mixed-method approaches involving healthcare 

professionals, policymakers, and community members. Further investigations are needed to 

evaluate the long-term effectiveness of specific adaptation interventions and to develop 

evidence-based models that can support the transformation of primary healthcare systems into 

more resilient structures under continuing global warming challenges. 
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