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Table 1. Search strategy 
	[bookmark: _heading=h.30j0zll]
	Keywords

	#1
	"Environmental impact" OR "Environmental sustainability" OR “Life cycle assessment”

	#2
	“Health Technology Assessment” OR  HTA

	#3
	#1 AND #2

	#4
	#3 AND time from 2019 to 2023





Table. 2: Main characteristics of the included articles and contribution to this review.
	Title, reference
	Location
	Environmental dimension
	Time for EI
	Case study (yes/No) if yes specify
	Proposed method to incorporate EI into HTA
	Proposed action for company
	Proposed action for HTA agency

	Freitas et al., 2023 (1)
	Europe / Portugal
	n/a
	n/a
	The study provides key information to inform the development of frameworks for valuing medical devices, and to guide evidence collection.
	n/a
	n/a
	n/a

	Toolan et al., 2023 (2)
	Europe / UK
	General
	Other
	No
	4 different approaches:
Information conduit approach (it involves an HTA agency republishing environmental data that is in the public domain or has been submitted to the HTA agency without further assessment)
Parallel evaluation approach (it integrates EI into HTAs by identifying or creating new statistical methods or models that allow clinical, financial, and environmental information to be synthesized in a single quantitative analysis)
Integrated evaluation approach (it entails an HTA agency analyzing and presenting environmental data alongside established HEE)
Environment-focused evaluation approach (it applies to technologies which are not usually assessed by HTA agencies: those not expected to improve health-related outcomes but claiming to have relative environmental benefits).
	n/a
	Four approaches that HTA agencies can use to take environmental information into account in healthcare decision- making were identified: information conduit, parallel evaluation, integrated evaluation, and environment-focused evaluation. 


	Firth et al., 2023  (3)
	Europe / Spain & UK
	CO2
	Lifecycle
	No
	It is recommended that evidence on the CF of individual medicines is incorporated into health technology assessment (HTA).
More evolved HTA bodies have started to consider how environmental impacts could be incorporated into guidance:
• the possibility of requiring pharmaceutical companies to conduct environmental impact assessments alongside clinical trials. 
• introducing a triage process to identify the health technologies for which an environmental assessment would be most useful. 
	Pharmaceutical industry:
· priority of safety and regulation;
· complex global supply chain;
· high waste-to-product ratio;
· no reward for sustainability.

For industry:
· engage in industry-wide collaboration on sustainability;
· report and disclose greenhouse gas footprints;
· partner with the NHS on waste;
· invest in improvements in energy efficiency.
	For the NHS:
· implement an industry roadmap;
· implement models of circularity to align incentives to reduce waste;
· meaningfully build sustainability into procurement decision making;
· engage in public-private partnership for infrastructure investment;
· partner in innovation with industry.

For the UK Government:
· international leadership to align regulatory standards for sustainability;
· invest in grid decarbonisation;
· invest in people, skills, and institutions involved in green innovation;
· support the NHS’ sustainability activities;
· invest in implementation projects.

	Walpole et al., 2023  (4)
	Multicentre / UK; Canada; Colombia
	n/a
	Lifecycle
	No
	They suggest that including environmental considerations in HTA could facilitate the comparison of health technologies with relatively similar health outcomes but different environmental impacts, to guide funding and use recommendations.
	Industry actors must be committed to conducting and publishing environmental impact analyses of their products in accordance with defined standards.

	Positive impacts of HTA agencies considering environmental factors may extend beyond decisions directly informed by HTA. If HTA agencies establish frameworks and consider environmental sustainability, this could stimulate improved data collection and presentation practices from manufacturers. HTA agencies can also support the measurement and management of environmental impacts of health systems by developing new or selecting existing, standardized approaches to analysing and presenting environmental data relevant to health-sector decision-making.
HTA agencies must be responsive to priorities and opportunities for improvement in healthcare and ensure these are fed back to the system through relevant, timely, and realistic guidance that allows sufficient implementation. 

	Greenwood Dufour et al., 2022 (5) 
	North America / Canada
	n/a
	Lifecycle
Three categories: toxic substances associated with the technology; the technology satisfies the principles of waste management; the GHG emissions emitted by or potentially reduced by the technology.
	No
	There are different ways environmental data can be gathered for use as inputs during deliberation. There are some environmental considerations that can be included as part of the economic evaluation of a health technology. In other cases, it would be more practical to consider environmental data separately, such as when the relevant environmental information or perspectives cannot practically be included in economic analyses or when the responsibility for determining the relative importance and weight of environmental impacts rests with decision-makers who need to take local context, priorities, and perspectives into account. Because the environmental aspects of health technologies are often not well studied, there may often be a lack of high-quality data to use as inputs.
	n/a
	The authors suggest that HTA agencies must provide deliberation committee members with education and training to help them to debate issues they do not already have a background in. They also suggest that HTA agencies should work closely with relevant stakeholders to develop methods for synthesizing that information. 

	Hensher et al., 2020  (6)
	Oceania / Australia
	Pharmaceutical Pollution; GHG; plastics
	n/a
	No
	The author suggests that the use of shadow prices to incorporate the costs of GHG emissions within costing for HEE is feasible. He suggests that this cost-based approach is preferable to more convoluted attempts to incorporate EI in the outcome component of HEE.
	n/a
	n/a

	McAlister et al., 2022 (7)
	Oceania / Australia
	CO2
	Lifecycle
	No
	Carbon emissions could be internalised in HTA using four different approaches: (1) linking LCA to health technology assessments; (2) carbon emissions as a decision modifier; (3) carbon emissions as part of MCDA; (4) monetising carbon emissions.
	n/a
	n/a

	Alami et al., 2023 (8)
	Canada
	General
	n/a
	No
	Emphasizes integration of EI into procurement decisions for digital health tech via stakeholder perspectives
	n/a
	Encourage EI-sensitive procurement criteria; facilitate stakeholder engagement

	Lehoux et al., 2025 (9)
	Canada
	General
	n/a
	No
	Advocates for integrating EI through Responsible Innovation in Health (RIH) lens; requires broader systems-thinking
	n/a
	Make HTA more responsive and anticipatory by including systemic EI and health system challenges

	Bobini et al., 2024 (10)
	Europe / International survey
	General
	n/a
	No
	Survey identifies gaps and heterogeneity in how HTA stakeholders approach sustainability
	n/a
	Harmonize methods; foster international collaboration; build a common framework

	CO2: Carbon Dioxide; GHG: Greenhouse Gases; HTA: Health Technology Assessment; N/A: not available; UK: United Kingdom





	Table. 3: Main characteristics of the included review.

	Article
	Location
	Environmental dimension
	Challenge for input data
	How to incorporate EI into HTA
	Impact on Decision Makers
	Included examples

	Desterbecq at al., 2023 (11)
	Belgium / Europe
	CO2; water; energy consumption; waste disposal; multienvironment-related dimensions.

	Lack of methods on whether environmental spillovers should be included in health economic evaluation and how this should be done.
	• Convert CO2 emissions into monetary units such as SCC to include environment-related dimensions into cost-benefit analysis or budget-impact analysis and to utilize multicriteria decision analysis to include environment-related spillovers.
• conduct an economic evaluation and to consider environmental impact as an additional outcome.
• include environmental impact as a relevant criterion in their economic evaluation guideline.
	It is recommended that international networks on HTA and their health agencies should collaborate to develop a joint reference case to assist in the inclusion of environmental effects in HTA.
More globally, to reduce the environment-related spillovers of the health sector, governments should implement circular economy policies in healthcare. This transition requires actions such as “recycling; reuse of products; prevention of waste; and a shift in consumption patterns” but also changes in “perception and behavior from consumers to producers.”
	• 4 studies undertook a full economic evaluation of healthcare products (use of home vs in-center hemodialysis, use of reusable inhalers, and implementation of a medical program) and included CO2 emissions in the evaluation. They calculated CO2 emissions and then converted these emissions into monetary costs such as the SCC or the carbon cost.


	Guirado-Fuentes et al., 2023 (12) 

	Spain / Europe
	CO2
	• Appropriate environmental data to be incorporated as inputs in the EE of a health technology are still limited. 
• Observational studies have their own limitations related to selection bias and the analysis of potential confounding variables as well as the inclusion of sufficient study sites and time periods.
• Experimental analyses have limited applications in this context (e.g., energy consumption), tackling constraints related to the validity of previous results due to technology changes. 
Data search strategies should include scientific publications, HTA reports, patents, publicly available databases, etc., supported by an appropriate search strategy.
• Scarcity of proper studies and valid data availability
	•  Environmental impact assessment of a health technology should include the entire life cycle (raw materials, manufacture, distribution, and use), the effects on the management of disease, and the use of resources throughout the care pathway.
•  3 types of methodologies to incorporate environmental impacts: cost-utility analysis (CUA), cost-benefit analysis (CBA), and multicriteria decision analysis (MCDA). “Enriched” CUA could incorporate the environmental impact of a technology into health impact and convert this into estimations of health-related quality of life (HRQOL).
• using perspectives from conventional economics as well as ecological economics, which have not yet been applied in health care.
	•  Develop and implement more sustainable practices and policies.
•  work on estimating patient health outcomes and strategies to reduce GHG emissions from health sector services or developing strategies and incentives to reduce the footprint of the pharmaceutical and biomedical sectors.
•  ensure that international environmental agreements are implemented in the EE and that the governments require the medical industries to make environmental declarations for their products.
	The use of an audit tool to calculate the carbon footprint of cataract surgical services, which uses a hybrid LCA approach combining EEIO and a process-based approach, can serve as an example on how to internationally standardize data registration forms and compare results in different contexts, which fosters cooperation and collaborative learning. 

	Pinho-Gomes at al., 2022 (13) 
	UK; USA / Europe; North America
	CO2
	• Estimate the environmental impact of a health technology, which should consider the entire life cycle of that technology and its implications on resources used throughout the care pathway. 
• embed the environmental impact into HTAs. 
•  lack of data on environmental impact in a form that could be incorporated into economic models other than for CO2 emissions. 
• CO2 emissions data not being available at a sufficiently disaggregated level to isolate the impact of individual technologies. 
• take that impact into account when making decisions about food-based dietary guidelines
	•  Incorporating both quantitative and qualitative information and various stakeholder perspectives into the analysis, as well as presenting the trade-offs and prioritization related to different technology options, its usability is limited by not embedding the environmental impact into the economic model underpinning the HTA.
• incorporating environmental sustainability directly into the economic evaluation of health technologies by drawing on concepts related to ecological economics and describing how multiple techniques can be used to elicit the value of the environmental impacts of health care: CBA, MCDA, Cost-effectiveness analysis, CUA, Weight-of-evidence approach and CEASS framework
	•  Allow decision makers to better maximize social welfare, assuming sustainability and environmental protection are valued by societies.
• LCA can be used to estimate the carbon footprint of hospitals, particularly regarding operating room management. 
	• NICE has also produced a decision aid for patients and clinicians that includes environmental considerations in decision making about inhalers for asthma, but to date this has not been incorporated into guidance.
• 7 case studies presented

	Polisena et al., 2018 (14)
	Canada / North America
	General
Carbon emissions
	•  Availability of environmental data across the lifecycle process for a technology is insufficient, therefore it is complicated to deliver accurate and comprehensive results for LCA and process analysis.
•  EEIOA may be narrow in scope as it concentrates on carbon emissions at the sector level.
• CUA may not capture non health benefits.
• The use of MCDA for HTAs is still rather limited even though the use is increasing.
•  Lack of sufficient objectivity, certainty, transparency, repeatability, and consistency in the approaches used to integrate lines of evidence on environmental risks as there is no scientific consensus on the most appropriate integrative approach.
• Uncertain on how to appropriately present environmental data to healthcare decision makers and how they will use these data on the environmental impact of health technologies.
	• It is recommended a life cycle assessment (LCA) of the technology, environmentally extended input-output analysis (EEIOA) to estimate carbon emissions generated by each unit of output in a sector, and the process analysis technique involves a detailed analysis of the environmental impacts across the life cycle, including the use of raw materials and energy consumption.
•  carbon dioxide emissions, can be incorporated in an economic model for a single health technology by estimating its direct and indirect impacts on the environment.
• use cost−utility analysis (CUA), cost−benefit analysis (CBA) and multi-criteria decision analysis (MCDA).
	• Decision-makers might maximize the broader social welfare benefits and goal to improve the population health.
• decision makers can develop a checklist on how to determine the level of analysis required for the environmental assessment of the technology in question (i.e., some technologies will have more of an environmental impact than others) and at different stages of their lifecycle.
	•  Estimates for both the direct and indirect impacts on the environment in the IMS CORE Diabetes model for type 1 and type 2 diabetes, which is a validated patient-simulation model

	Williams et al., 2024 (15)
	International
	CO2, water, energy, waste, general multi-dimensional
	• Scarcity of standardized data across environmental dimensions.
• Limited disaggregated data for individual technologies
• Few examples beyond CO2
• Methodological uncertainty on integration into economic models
	Multiple methods identified: 
• LCA, EEIOA, process analysis;
• conversion of emissions to monetary terms (e.g., SCC);
• inclusion in CUA, CBA, MCDA; CEASS framework;
• weight-of-evidence approaches;
• use of ecological economics perspectives
	• Better supports integration of sustainability in decision-making by expanding HTA criteria to include environmental dimensions.
• Enables more holistic prioritization of health technologies
	Examples include: 
• reusable vs disposable inhaler
•  home vs in-center hemodialysis
• cataract surgical services (hybrid LCA)
• hospital carbon footprint estimations

	CO2: Carbon Dioxide; SCC: social cost of carbon; HTA: Health Technology Assessment; EE: economic evaluations; GHG: Greenhouse Gases; LCA: life cycle assessment; EEIOA: environmentally extended input-output analysis; CEASS:  comprehensive environmental assessment; NICE; National Institute for Health and Care Excellence; HRQOL: health-related quality of life; CUA: cost-utility analysis; CBA: cost-benefit analysis; and MCDA: multicriteria decision analysis. 
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