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Abstract 

Objectives: This narrative review describes the role of digital health in addressing climate change 

adaptation, mitigation, insight, and equity. We survey existing evidence and efforts and identify 

high-value opportunities. Methods: A comprehensive review of recent literature was conducted, 

focusing on the intersection of digital health technologies, climate adaptation, and mitigation 

strategies. Results: Digital health technologies have emerged as powerful tools in addressing climate 

change.  Healthcare organizations are investing in digital health to reduce greenhouse gas 

emissions, develop adaptive strategies for climate-related health impacts, and address emerging 

challenges like climate-driven migration. This approach can enhance sustainability, improve patient 

care, and contribute to global health security. Conclusions: While digital health offers significant 

potential in combating climate change, challenges remain in reducing the healthcare sector’s 

greenhouse gas emissions and bridging the digital divide. Future research should prioritize 

developing more energy-efficient AI models, improving the resilience of digital infrastructure to 

climate events, and integrating climate considerations into health informatics. The field must also 

address the ethical implications of AI in climate decision-making and ensure equitable access to 

digital climate solutions globally. 
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Mary, a 58-year-old African American woman with chronic obstructive pulmonary disease 

(COPD) lives in Altadena, a suburban area of Los Angeles California affected by the devastating 

wildfires that occurred in January of 2025. As the fires approached her neighborhood, Mary was 

forced to evacuate quickly, leaving behind her medications and hard-copy medical records. 

Upon reaching a temporary shelter, Mary began experiencing increasing wheezing and anxiety 

due to the stress of evacuation and poor air quality. Her daughter, a volunteer nurse at the shelter, 

checked her vital signs and determined she was not in acute danger. With Mary’s permission, she 

helped her mother use her smartphone so she could connect to her pulmonologist at the nearby 

healthcare facility. The nurse was able to assist Mary in downloading the health system’s app in the 

Apple Store, setting up her account, and then messaging her pulmonologist’s office.  An 

appointment was set up within hours. Through a secure video call, the specialist assessed Mary’s 

condition and prescribed appropriate medication, which was electronically sent to a nearby 
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pharmacy. The pharmacist, able to access Mary’s medication history through the digital health 

system, safely dispensed the necessary inhalers and oral steroids. 

Throughout her stay at the shelter, Mary started to use her smartphone to be up-to-date. She 

downloaded a wildfire tracker app that provided the latest information on the wildfires with instant 

notifications. She also started to use an air pollution health app that was able to give her real-time 

alerts and recommendations on deep breathing exercises to help control her symptoms. 

Climate change, marked by rising temperatures, altered weather patterns, and more frequent 

extreme events, poses a serious threat to global health. Climate change has been historically 

recognized as able to amplify existing health inequities by disproportionately affecting vulnerable 

communities1. Vulnerable communities are often referred to as those of low-income, marginalized 

racial groups, the elderly, disabled individuals, indigenous communities, and residents of developing 

nations. Ultimately, the climate change impacts can end up disrupting or even displacing entire 

communities.   

Climate change is an ongoing and accelerating crisis, characterized by rising global 

temperatures, increasingly extreme weather events, and other environmental changes. For the first 

time in all of history, global near-surface temperatures are likely to temporarily exceed 1.5 C above 

pre-industrial levels before 2028 under present policies2. Sea temperatures are also simultaneously 

rising. Temperatures in Europe are rising at a rate twice as fast as the global average, while recent 

decades have seen unparalleled warming, heat waves, droughts, and water shortages. The effects of 

such changes have been devastating: heat-related mortality, loss of agricultural harvests, and 

expanded areas suitable for infectious disease transmission. With the risks projected for even half-

degree increments of warming, addressing climate change could not be more urgent.  

Climate change poses significant threats to human health and well-being. With the number of 

natural disasters and extreme weather events increasing in frequency and intensity over the past few 

decades, the most vulnerable of patients are susceptible to these climate impacts. They face increased 

risks of respiratory and cardiovascular diseases, heat-related illnesses, and vector-borne diseases3-5. 

Climate change also impacts mental health, leading to increased stress, anxiety, and trauma related 

to these events3,6. 

The healthcare sector itself is a major contributor to climate change, responsible for 8.5% of U.S. 

greenhouse gas emissions and up to 4.6% of global emissions7.  At COP28, the United Nations 

Climate Change Conference that was held in Dubai, a significant milestone was reached when the 

first-ever Health Day was declared on December 3rd of 2023. One hundred and twenty-three 

countries subsequently signed on to the COP28 United Arab Emirates Declaration on Climate and 

Health, emphasizing the need for governments around the world to prepare healthcare systems for 

climate-related impacts8. The inclusion of Health Day marked a major shift in recognizing health as 

a driving force in climate action, spearheading the development of climate-resilient, sustainable, and 

equitable health systems8.  

Digital health encompasses a broad spectrum of technologies designed to facilitate patient care, 

data collection, and information sharing within and external to healthcare systems. These 

technologies range from formal and informal electronic health services to sophisticated tools for 

communication, data management, predictive analytics, remote patient monitoring, and mobile 

applications9. The implementation of these technologies extends to both healthcare professionals and 

consumers, supporting clinical care delivery, health management, and overall well-being, while also 

addressing broader healthcare access needs. These digital health technologies (including artificial 

intelligence-driven health applications) are already demonstrating their effectiveness in reducing 

clinical carbon emissions while improving patient care and health system resilience10,11. A recent 

systematic review found that the magnitude of greenhouse gas emissions savings attributed to 

telemedicine consultations varies widely, ranging from 0.70 kg to 372 kg of carbon dioxide equivalent 

(CO2e) per consultation12. Remote patient monitoring can enable early detection of climate-sensitive 

health conditions, improving adaptation to changing disease patterns. Additionally, digital platforms 

can provide valuable data for climate health research and inform targeted interventions for 
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vulnerable populations13. By leveraging telehealth, remote patient monitoring, and other patient-

centric digital tools, healthcare systems can significantly reduce travel-related emissions and resource 

consumption associated with in-person care10.  

The rapid evolution and widespread adoption of these technologies have outpaced the 

development of formal frameworks governing their use in natural disasters, thus making it 

challenging to accurately forecast the impact of these technologies9. Despite the underlying 

vulnerabilities of digital health technologies to climate-induced challenges, they nevertheless are 

being optimized to facilitate enhanced coordination between first responders, healthcare 

professionals, and the affected populations. Moreover, with real-time analytics, authorities can 

efficiently deploy personnel and distribute medical supplies based on need.  

Advancements in digital health offer promising opportunities to systematically address climate 

impacts at scale through adaptation, mitigation, insight generation, and equity promotion in 

healthcare systems worldwide. This review examines current evidence and initiatives, highlighting 

key opportunities for leveraging digital solutions to enhance climate resilience, reduce greenhouse 

gases, improve data-driven decision-making, and ensure equitable access to health services in the 

face of evolving environmental challenges. 

Climate Adaptation: Climate adaptation in human systems, as defined by the Intergovernmental 

Panel on Climate Change, is “the process of adjustment to actual or expected climate and its effects, 

to moderate harm or exploit beneficial opportunities”14.  For healthcare systems, adaptation 

strategies are crucial for moderating the harmful health effects of climate change and ensuring the 

continuity and quality of operations. These strategies take on various forms, addressing surge 

capacity and continuity of health care during natural disasters and the care of climate-change-related 

illnesses, including infectious disease outbreaks, heat and cold exposure illnesses, malnutrition, and 

smoke inhalation. Digital health and telehealth technologies play a crucial role in healthcare climate 

adaptation. These technologies are instrumental in augmenting prevention or early intervention of 

climate-related illness, aiding individuals, communities, and health care providers in minimizing 

harm. They are also essential for ensuring continuity of care and increasing capacity during surges 

in demand for health care services during extreme weather events and natural disasters. 

Preventing or Limiting Exposure. Both healthcare providers and consumers with smartphones can 

access a plethora of applications (apps) that provide real-time information and forecasting related to 

outdoor temperature and air quality. Heat and air quality alerts enable individuals to make adaptive 

choices. When employed by individuals and communities, these apps can be used to identify and 

avoid individual exposures to heat and air pollutants. Community events can be rescheduled, 

employers can implement telework for those eligible, and optional outdoor activities can be curtailed 

in the interest of public health. Individuals can relocate to safer locations when feasible. Additionally, 

healthcare providers can adapt their programs and services. For example, they can issue alerts and 

guidance to patients using patient portals and enable telemedicine appointments when it is safest to 

stay home. However, literature describing such climate-adaptive actions is sparse. 

Some evidence indicates that individuals avert exposures in response to awareness of exposure 

risks. For example, a 2024 study showed reduced park and playground visitation during air quality 

events15.  An earlier study in China showed that individuals reduce outdoor activities in response to 

increased air pollution16.  Data from a bike-sharing service in Argentina indicates that there are 

decreases in outdoor cycling after heat warnings17.  Additionally, multiple studies have related heat 

warnings to lower mortality. However, awareness of exposure risk may not always translate to action 

or improved outcomes. A 2013 systematic review indicated that people largely do not take action in 

response to heat warnings and noted that averting behavior is likely affected by costs and other 

barriers to action18.   Additionally, a 2018 study determined that heat alerts are not associated with 

lower mortality in most US cities19.  The authors point to the varied evidence for heat warnings and 

the potential importance of individual and community action plans. Centers for Disease Control 

(CDC) guidance notes that most people are aware of heat alerts when they are issued but may not 

change their behavior accordingly20.  
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Infectious disease surveillance. Through multiple mechanisms, climate change is causing an 

increase in mosquito-borne infectious diseases, including malaria and dengue fever21. Digital health 

approaches to surveilling, forecasting, and addressing increases in mosquito-borne disease are 

foundational to adaptation. The World Health Organization (WHO) considers surveillance to be a 

core malaria intervention21. The WHO views surveillance, which uses digital health technologies 

heavily, as fundamentally enabling investment, resource allocation, and evaluation of public health 

interventions. Additionally, digital health interventions have effectively improved treatment and 

supply-chain-related outcomes when managing malaria and other infectious diseases22,23. 

Natural disasters. Climate-related extreme weather events can potentially destroy communities 

and cause large-scale morbidity and mortality. These natural disasters trigger a surge in demand for 

health care services, even as facilities and infrastructure for providing health care may have been 

destroyed. Varied digital health technologies can be used to prepare for these natural disasters and 

during response and recovery. 

Telemedicine has been applied in disaster response since the 1980s, and multiple formal 

telemedicine programs for disaster planning, response, and recovery exist24.  In 2017, NATO 

established the Multinational Telemedicine System (MnTS), an emergency telemedicine program 

designed for emergency services and medical care across four nations in Eastern Europe. The MnTS 

accounted for both the communication systems and power sources needed to support telemedicine, 

as well as the necessary hardware and software in a single fully integrated system for use by 

emergency teams. Disaster telemedicine services can also be consumer-facing. In 2017, during 

Hurricane Irma, Nemours CareConnect provided pediatric telemedicine services directly to 

consumers without intermediation by disaster teams. Currently, there is an unprecedentedly high 

level of preparedness to use telehealth, with widespread adoption and user acceptance, due to its use 

during the COVID-19 pandemic. This makes telehealth a potentially powerful modality for 

delivering care in the wake of a natural disaster.  

Telemedicine has special considerations in disaster scenarios. Connectivity can be poor in the 

wake of destructive natural events, and the use of telemedicine can be dependent upon the 

deployment of dedicated telecommunications resources (typically via the military or government) or 

the rapid restoration of power and telecommunications. In the future, as telemedicine and telehealth 

applications become increasingly dependent upon high bandwidth and integration of artificial 

intelligence (AI) powered features, their performance under limited bandwidth and low energy 

conditions may degrade. In the US, issues of reimbursement, credentialing, and licensure may restrict 

the use of telemedicine during natural disasters25.  

Digital health solutions are essential for individual, community, and governmental decision-

making for climate adaptation. They play a prominent role in current surveillance and response 

efforts and offer early warning and risk assessment to individuals and communities. There’s a need 

for more insight into the effective design of digital health applications intended to effect behavior 

change and how healthcare providers, systems, and communities can better leverage digital health 

technologies to prevent or limit harmful exposures. In planning for the use of telemedicine during 

natural disasters, interoperability and sharing of health information is essential. Additionally, digital 

health solutions must be able to perform under conditions of limited bandwidth and power.  

Health Inequities and Climate Change: In the United States, areas with higher proportions of Black 

and Hispanic residents are typically hotter due to the urban heat island effects caused by limited tree 

cover. These communities also have much less access to technology such as air conditioning, which 

thereby increases their vulnerability to future heat waves. As a result, heat-sensitive illnesses, such 

as asthma and cardiovascular conditions, are much more prevalent in these populations26.  These 

populations have also been shown to have Black women face much higher risks of preterm birth 

during heat waves compared to their White counterparts. Extreme weather events, such as Hurricane 

Harvey, resulted in Black residents in Texas reporting higher rates of post-traumatic stress and 

reduced access to healthcare following the natural disaster. Events like these effectively demonstrate 
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how discrimination is often amplified by the health impacts of climate change, which in turn 

perpetuates inequity.  

Role of Federally Qualified Health Centers (FQHCs) and the Advancement of the Digital Paradigm: 

FQHCs play a vital role as safety-net providers for millions of uninsured and medically vulnerable 

individuals who frequently encounter significant obstacles in accessing healthcare. These 

community-oriented clinics provide comprehensive primary care services to around 30 million 

people in the United States, the majority of whom are low-income, underinsured, or part of 

historically marginalized groups. In 2022, for the first time, comprehensive data were gathered from 

all US FQHCs, revealing positive screening rates for four key social risk factors: food insecurity, 

housing instability, lack of transportation, and financial pressure27. Telemedicine has proven to be a 

revolutionary solution for underserved populations, delivering substantial economic advantages to 

patients and their families. By removing the necessity for physical travel to healthcare facilities, 

telemedicine considerably alleviates the financial strain tied to obtaining medical care. For instance, 

telemedicine enables patients to avoid taking leave from work for medical appointments, thus 

safeguarding their income and job stability. Additionally, patients located in rural or underserved 

regions can save significant expenses on transportation, which can be particularly steep for those 

residing far from healthcare centers. 

Greenhouse Gas Emissions Savings. Another benefit of telemedicine services is the reduction in the 

Greenhouse Gas Emissions related to travel within the healthcare sector. Retrospective analyses of 

patients participating in outpatient specialty consultations through telemedicine have shown a 

positive impact on emissions reductions28,29 and travel expenses30,31. This research objectively 

evaluated the savings in terms of travel distance, time, and expenditure linked to the adoption of 

telemedicine. 

However, FQHCs encounter several considerable obstacles in delivering comprehensive care to 

underserved populations. For example, a diabetes patient requires regular screening visits with 

various specialists to complete a thorough diabetic examination, including primary care, nephrology, 

podiatric care, and ocular assessments. Typically, specialized care is not available at FQHCs, 

necessitating clinics to arrange separate clinic appointments for patients to receive appropriate care 

at specialty clinics. Still, patients often face excessive delays in seeing specialists, potentially leading 

to disease progression and challenges in referral adherence32. Therefore, community-based screening 

programs, such as telemedicine or artificial intelligence diagnostic tools, may bring healthcare 

services closer to underserved populations, reducing the distance patients need to travel to complete 

a comprehensive diabetic examination.  

Advancement of Artificial Intelligence (AI): AI, a digital health innovation, has the potential to 

enhance healthcare by improving quality, accessibility, and patient experience. FDA-approved 

diagnostic AI screening tools are proving to be a game-changer in efficiently screening patients for 

various diseases, including cancer and diabetic retinopathy (DR). These tools not only speed up the 

screening process but also provide outputs that can help clinics, such as FQHCs, to expedite patient 

care. But oftentimes these processes fail because there is no follow-up on a positive screening result 

(which can be attributed to healthcare system-specific and/or patient-specific factors). With quicker 

report turnaround times, specialist physicians can offer second opinions sooner, which may enhance 

patient compliance and possibly reduce travel-related emissions. Integrating AI-diagnostic tools to 

screen for DR can take place during the same primary care visit and has the potential to reduce 

healthcare’s greenhouse gas emissions33. However, to the best of our knowledge, no studies have yet 

been conducted in the United States to evaluate the environmental impact of AI diagnostic tools in 

community clinics, particularly concerning travel-related greenhouse gas emissions. This gap may 

stem from inconsistencies in Medicaid reimbursement for AI diagnostic screenings across different 

states and insurers. In some cases, reimbursement may not be provided if a patient doesn’t meet the 

standard threshold of more-than-mild risk for the disease34.  Unfortunately, this situation hampers 

efforts to support early detection and preventive measures that are crucial for under-resourced 

patients. Addressing these issues could help reduce future federal expenses related to disability and 
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pave the way for new billing frameworks that allow the effective implementation of AI tools in 

FQHCs, and possibly reduce healthcare organizations’ travel emissions. 

As of 2024, the Medicaid population is larger than the Medicare population35,36.  FQHCs provide 

essential services to a large number of uninsured and medically vulnerable individuals who often 

struggle to access necessary specialty care. Acknowledging these health and social obstacles is the 

first step in improving screening implementation strategies, especially through AI point-of-care 

assessment in FQHC settings37 compared to low levels of referral adherence from remote reading38.  

The critical intersection of social, structural, and environmental drivers of health can serve as a 

valuable data source to shed light on these challenges. Gathering grassroots data may enhance the 

accuracy of top-down modeling and allow for more detailed tracking of progress as health systems 

aim to reduce emissions. 

Conclusions 

Digital health technologies have continued to be at the forefront of tackling climate change and 

health inequity over the past decade. Healthcare systems, not just those in the United States, are 

increasingly employing more technologies, whether that be telemedicine, mobile health apps, or AI-

driven solutions to improve patient care. Meanwhile, climate change has continued to perpetuate the 

effects of health inequity by disproportionately affecting vulnerable populations. Digital health tools 

ultimately aim to help mitigate these effects by using real-time health monitoring, climate-related 

disease surveillance, and remote patient care during extreme weather events such as the recent 

Hurricane Helene. Telemedicine has proven to be especially beneficial in times of natural disasters 

as it provides medical access even when traditional healthcare may not be available within the 

individual’s vicinity. Digital health offers significant opportunities but further research is still needed 

to address potential ethical concerns and ensure digital equity. Overall, integrating digital health with 

climate action can strengthen global health security and advance sustainable healthcare practices.     
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