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Climate change is one of the most important threats to planetary and human health.1–3 The 

carbon footprint of health care, reported as the mass of carbon dioxide (CO2) released in the 

biosphere as a result of the delivery of health-care services, is responsible for 4–5% of 

greenhouse gas emissions globally.2,3  

Health systems and climate change are intertwined because the higher incidence and 

severity of catastrophic climate events like hurricanes, floods, heat waves, fires and other climate 

disasters increases the direct and indirect burdens on health systems. As health care advances and 

becomes more technology-based, the provision of health care is increasingly contributing to 

climate change through greenhouse gas emissions that harm the environment.4 Addressing the 

environmental impact of health care supports the climate by finding new ways to reduce 

greenhouse gas emissions and unnecessary waste while improving health outcomes and 

economic efficiency. The health sector, encompassing research, development, delivery and 

consumption of services, has a unique obligation to drive climate action while enhancing 

population, human and wildlife health.3 However, existing regulations rarely consider climate 

risks, which in turn affects human health. 

Ethics and implications  
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Responsibility for greenhouse gas emissions overwhelmingly lies with industrialized countries 

that continue to couple their economic growth to energy demands, including for biomedical 

research and development. Whereas biomedical products may benefit all people and countries, 

many of these products are consumed by resource-rich populations, while the health outcomes 

linked to the climate change caused by these products fall disproportionately on low-resource 

populations with limited capacity to mitigate these consequences.  

Inequities arise in how interventions are implemented and in earlier decisions, including 

which research questions are pursued, which diseases receive attention and how resources are 

allocated across countries and communities. Actions to mitigate climate change frequently 

benefit human and wildlife health, often bringing matching, economic gains.5 However, benefits 

and costs are context-dependent and show differences in the outcomes, meaning actions should 

be driven by and tailored to local environments.5 

The African continent is one of the most biodiverse on the planet, with multiple different 

ecosystems and unique plant and animal species.6 Although the conservation movement in 

Africa is growing, with local recognition of the importance of protecting the environment,7 

African policy-makers and concerned community representatives must participate in discussions 

around measurement of climate emissions as these profoundly affect their human and animal 

health systems.6 If decisions come from Indigenous community members and policy-makers, 

context-relevant actions will more likely follow. 

Clinical trials are a cornerstone of evidence-based medicine. By evaluating the safety, 

efficacy and potential benefits and risks of medical interventions with scientific rigour, clinical 

trials provide evidence to advance medical knowledge and human health. Clinical trials today 

may include an economic evaluation to determine and compare the financial costs of new 

interventions to inform policy decisions, but evaluation of the environmental costs of health 

interventions is rare. Yet these costs can directly translate into increased human morbidity and 

mortality, thus additional human health costs, notwithstanding environment costs.8 Adding the 

costs related to the environment when designing and implementing clinical trials is therefore a 

logical approach that would enable policy-makers to consider health outcomes alongside 

economic and environmental costs. 
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Beyond direct impacts on human health, climate change and health-care-related 

emissions have extensive consequences on ecosystems. Increased greenhouse gas emissions 

accelerate land degradation, ocean acidification and biodiversity loss, which affect food security 

and water quality. Emissions from health-care logistics, pharmaceutical production and waste 

incineration contribute to air, soil and water contamination.8 These environmental degradations 

feed back into human, wildlife and environmental well-being through reduced air and water 

quality, as well as fewer ecosystem actions, such as pollination. The inclusion of planetary health 

indicators within research and policy evaluation would provide a fuller understanding of the 

trade-offs between human and environmental health, aligning with the One Health and planetary 

health approaches. 

With growing interest in and need to deliver greener health interventions, robust research 

in this area is a priority.9 While a nascent body of literature measuring the climate impact of 

clinical research exists, trials that compare carbon footprints of the interventions within clinical 

trials, independent of study-related activities, are scarcer. The relevance of environmental impact 

assessments within health-care research has been demonstrated in a study, for example, 

evaluating how infection-control practices can unintentionally increase the carbon footprint of 

health-care delivery.10 This study highlighted that a shift towards single-use disposable 

laryngoscopes led to higher emissions, resource consumption and waste generation without 

corresponding infection-control benefits. This work suggested harmonized guidance between 

infection-control regulations and environmental-sustainability objectives.10  

Our team is a multidisciplinary collaboration currently measuring the CO2 emissions of 

interventions in two cluster-randomized controlled trials in Uganda and Zambia, where we 

measure CO2 emissions during patient recruitment and at follow-up alongside health and 

financial outcomes. Our primary objective in the Uganda-based trial is to compare the carbon 

footprint of anti-retroviral therapy delivery using medical drones versus standard methods 

(boats) over 24 months on islands of Lake Victoria. In the Zambia-based trial, the objective is to 

compare the carbon footprint of a post-natal human immunodeficiency virus (HIV) prevention 

package versus control (national HIV prevention guidelines) study arms also embedded in a 

cluster-randomized trial in urban and rural Zambia over 12 months. The climate measurement we 

have adopted is life cycle assessment. This assessment evaluates the environmental impacts of a 
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product or system throughout its life cycle according to the International Organization for 

Standardization 14040/14044 standards for environmental management.11 

Recommendations 

These trials provide a starting point to analyse the combined human health, economic and 

climate cost questions. Many difficult technical and ethical questions emerge, such as how future 

interventions can balance the immediate human health gains with non-human and planetary 

health.  

We propose a structured, integrated conceptual framework that explicitly links health, 

economic and climate outcomes through implementation science and equity lenses. Our 

suggested framework recognizes these domains as dynamically interdependent, where health 

outcomes influence economic costs; economic conditions shape exposure, vulnerability and 

adaptive capacity to mitigate climate risks; climate events directly and indirectly affect 

population health and health system performance; and components of the health system directly 

influence the climate. Implementation science can act as a central conceptual pathway, 

translating evidence across these domains into real-world policies and service delivery models, 

while considering context, feasibility and scalability. Equity is embedded as a cross-cutting 

principle, ensuring that both the design and implementation of interventions explicitly assess 

differential impacts across populations, settings and structural determinants. This framework 

could provide a structure for evaluating trade-offs, synergies and consequences of interventions, 

therefore supporting more sustainable, equitable and policy-relevant decision-making at the 

health–economy–climate nexus. 

One important risk this framework addresses is burden-shifting, that is, when gains in one 

domain are achieved at the expense of another, such as climate mitigation strategies that increase 

costs to under-resourced health systems or pass on costs to patients. Without a framework and 

measurement that identifies and highlights all domains, interventions could shift economic or 

environmental burdens onto marginalized populations, reinforcing existing inequities. Similarly, 

greenwashing poses a risk when initiatives are framed as green or climate-responsive without 

transparently and accurately measuring reductions in emissions, resource use or considering 

environmental harm across the full implementation pathway. By explicitly linking outcomes 

across health, economic and climate dimensions, and embedding equity-sensitive indicators, the 
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framework is designed to highlight these risks early, enabling transparent evaluation and course 

correction before practices are scaled. 

When climate outcomes conflict with health or financial outcomes, trade-offs should be 

evaluated using a transparent, multicriteria approach. Decisions should prioritize safety and 

quality first, while explicitly and concurrently comparing gains and losses across health, 

economic and climate domains. Equity considerations are critical, as trade-offs may 

disproportionately affect specific vulnerable groups, health workers or lower-resource settings. 

The framework we propose encourages assessment of immediate outcomes and longer-term 

system resilience and downstream effects. Making these trade-offs explicit supports accountable, 

contextually appropriate actions. 

The challenges scientists in the fields of health and climate face at the intersection of 

these fields are complex and require fresh, collaborative and innovative thinking. We 

recommend combining the expertise of clinical researchers, climate and social scientists, health 

economists, ethicists, policy-makers, community members and communication and sustainability 

experts. As many team members as possible should be locally based to promote studies that 

assess contextually relevant social and environmental costing. We must engage communities to 

promote the inclusion of a climate measurement into clinical and implementation research 

globally, with input from all the relevant actors that would benefit from, learn and promote their 

use. By creating a roadmap to identify and measure these impacts on people and the planet, we 

aim to enhance future design and implementation of trials and interventions that account for the 

planetary costs and sustainability of interventions. We believe that stimulating new connections 

between fields and experts in largely disconnected arenas across geographies and cultures to 

address these crucial questions will reshape how scientists, communities and policy-makers think 

and act. This reshaping affects decisions on how, where and what to include in the design and 

implementation of clinical trials and the delivery of health services worldwide. 

Competing interests: 

None declared. 

 

 



Publication: Bulletin of the World Health Organization; Type: Perspectives 
Article ID: BLT.25.294153 

6 of 6 

References 

1. Sheather J, Littler K, Singh JA, Wright K. Ethics, climate change and health - a 
landscape review. Wellcome Open Res. 2023 Aug 14;8:343. 
https://doi.org/10.12688/wellcomeopenres.19490.1 PMID:37692130 

2. Pencheon D, Wight J. Making healthcare and health systems net zero. BMJ. 2020 
Mar 30;368:m970. https://doi.org/10.1136/bmj.m970 PMID:32229478 

3. Or Z, Seppänen AV. The role of the health sector in tackling climate change: a 
narrative review. Health Policy. 2024 May;143:105053. 
https://doi.org/10.1016/j.healthpol.2024.105053 PMID:38537397 

4. Ganatra S, Dani SS, Al-Kindi SG, Rajagopalan S. Health care and climate change: 
challenges and pathways to sustainable health care. Ann Intern Med. 2022 
Nov;175(11):1598–600. https://doi.org/10.7326/M22-1241 PMID:36279542 

5. Reynolds T, Whitmee S, Green R, Anton B, Haines A. An umbrella review of health 
co-benefits from actions to reduce greenhouse gas emissions. Lancet Planet 
Health. 2024 Apr;8 Suppl 1:S16. https://doi.org/10.1016/S2542-5196(24)00081-0 
PMID:38632911 

6. Manu EK, Chen GS, Hoang N, Leu S. Natural resource extraction and environmental 
sustainability in Africa: the role of voice and accountability. Sustain Dev 
(Bradford). 2024;32(6):6104–19. https://doi.org/10.1002/sd.3017 

7. Chibueze Izah S., ed. An overview of the potentials, threats and conservation of 
biodiversity in Africa. Volume 29. Singapore: Springer; 2022. 
https://doi.org/10.1007/978-981-19-3326-4 

8. LaRoche JK, Alvarenga R, Collins M, Costelloe T, De Soete W, Faludi J, et al. 
Climate footprint of industry-sponsored clinical research: an analysis of a phase-
1 randomised clinical study and discussion of opportunities to reduce its impact. 
BMJ Open. 2024 Jan 11;14(1):e077129. https://doi.org/10.1136/bmjopen-2023-
077129 PMID:38216192 

9. Mackillop N, Shah J, Collins M, Costelloe T, Öhman D. Carbon footprint of industry-
sponsored late-stage clinical trials. BMJ Open. 2023 Aug 21;13(8):e072491. 
https://doi.org/10.1136/bmjopen-2023-072491 PMID:37604634 

10. Sherman JD, Hopf HW. Balancing infection control and environmental protection as 
a matter of patient safety: the case of laryngoscope handles. Anesth Analg. 2018 
Aug;127(2):576–9. https://doi.org/10.1213/ANE.0000000000002759 
PMID:29324490 

11. Understanding LCA Standards: ISO 14040/14044. Atlanta: CoveTool: 2025. 
Available from: https://help.covetool.com/en/articles/8814594-understanding-lca-
standards-iso-14040-14044 [cited year month day]. 

 


